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This project aims to verify if the Part Night (PN) switching policy at Pembrokeshire County Council (PCC) is being implemented properly. The PN policy aims to reduce energy costs for the authority by switching off most of the streetlights in its portfolio during a designated period at night when vehicular traffic and pedestrian usage are at its lowest. This policy is not always popular with the residents of Pembrokeshire and often results in complaints suggesting the lights stay on too long or go off sooner than they are intended to. To accurately deal with these complaints, a reliable monitoring system is needed to verify the switching times of certain streetlights. This report details the development of a PIC Microcontroller based sensor and data collection system designed to record the switching times of tested streetlights. The data collected will then be able to be evaluated and checked against the required switching times set out in the policy. The system will also help by improving value for money through the authority’s maintenance department being able to reject requests to reattend units that are reported as faulty. The data collected will also highlight street lighting units that stay on longer than intended and help to adhere to the authority’s energy saving policy. The monitoring device designed will be both adaptable to all types of streetlights and to other local authorities looking at cost effective monitoring of their systems. 






[bookmark: _Toc196396711]Declaration Form and Form of Consent


DECLARATION FORM 

 
I, ..........Matthew Williams.......... declare that I am the sole author of this Project; that all references cited have been consulted; that I have conducted all work of which this is a record, and that the finished work lies within the prescribed word limits.

This work has not previously been accepted as part of any other degree submission.

 



FORM OF CONSENT 


I ..........Matthew Williams..........  hereby consent that my Project, submitted in candidature for the BEng (Hons) Electrical and Electronics Engineering degree, if successful, may be made available for inter-library loan or photocopying (subject to the law of copyright), and that the title and abstract may be made available to outside organisations. 


[bookmark: _Toc196396712]Acknowledgements

To my supervisor Dr Stephen Mosey, thank you for always being enthusiastic about my choice of project. Your expert advice, constructive feedback and support during all our meetings spurred me on to work outside my comfort zone. I am extremely grateful for both your time and patience. For some people streetlighting may not be the most exciting subject, and yes there were struggles along the way, yet you provided encouragement and understanding that helped me to keep focussed on the road ahead and to complete this project successfully.

To technician Dylan Alame and all the support staff at UWTSD IQ Swansea, thank you for always being eager to help and support during the building of the prototype.  

I would also like to thank my whole family, and particularly my wife Jayne. You have all put up with my stresses, frustrations and not to mention all the hours and weekends spent locked away in the office. Despite this, you have all provided huge support and encouragement along the way. If this project is measured by the belief you all have in me and the motivation you give me every day then there’s no doubt this project was always going to be a success. 

Diolch

Table of Contents
Abstract	2
Declaration Form and Form of Consent	3
Acknowledgements	4
List of Figures	8
List of Tables	9
List of Equations	9
List of Abbreviations	9
1. Introduction	10
2. Research and Literature Review	12
3. Methodology	17
3.1 Development Methodology	17
3.2 Incremental Methodology	18
3.3 Software	19
3.3.1 Embedded C	19
3.3.2 Proteus	19
3.3.3 CCS Compiler	19
3.4 Hardware	19
3.4.1 PIC Microcontroller	19
3.4.2 Current Transformer	19
3.4.3 GPS Chip	19
3.4.4 Various Electronic Components	19
3.5 Tools	19
3.5.1 PICkit 3	19
3.5.2 Soldering Kit	19
4. Design & Implementation	20
4.1 Design Specification	20
4.2 Output Requirements	20
4.3 Existing Systems	21
4.4 Design Options	23
4.5 The Design	25
4.5.1 Design Parameters	25
4.5.2 Equipment Requirements	25
4.5.3 Current Transformer (CT Clamp) Selection	26
4.5.4 GPS Selection	28
4.5.5 DC-DC Converter Selection	30
4.5.6 Memory Requirements	31
4.5.7 Memory Selection	34
4.5.8 Microcontroller Selection	35
4.5.9 Power Options	39
4.5.10 Power Requirements	40
4.5.11Power Selection	43
4.5.12 Battery Configuration	44
4.5.13 Miscellaneous Components	45
4.6 Circuit Design	48
4.6.1 Power Rail Schematic	49
4.6.2 DC-DC Converter Schematic	51
4.6.3 PIC 16F667 Microcontroller Schematic	51
4.6.4 PIC Decoupler Schematic	52
4.6.5 MCLR Schematic	52
4.6.6 CT Circuit, Amplifier & Rectifier Schematic	53
4.6.7 GPS Schematic	57
4.6.8 LCD Display Schematic	58
4.6.9 EEPROM Schematic	58
4.6.10 Writing to EEPROM LED Schematic	59
4.6.11 Button Assembly Schematic	59
4.6.13 Full Proteus Schematic	60
4.7 The Software	61
4.8 Cost and Figures	65
5. Evaluation & Results	68
5.1 Design and Implementation Overview	68
5.2 Evaluation of the Objectives	69
5.2.1 Objective 1: Design and develop a compact, cost-effective monitoring device using a PIC microcontroller	69
5.2.2 Objective 2: Detect switching ON & OFF events	70
5.2.3 Objective 3: Capture GPS time at switching events	71
5.2.4 Objective 4: Log data to external EEPROM	72
5.2.5 Objective 5: Providing real-time feedback via LCD and LED indicators	73
5.2.6 Objective 6: Enable retrieval of logged data for analysis and feedback	73
6. Conclusions and Recommendations	75
7. Reflection	79
References	81
Bibliography	87
Appendices	88
Appendix A – PCC Street Lighting Policy	88
Appendix B – Streetlighting complaints Examples	92
Appendix C – PCC APSE Benchmarking Results	95
Appendix D – CTA Split Core Current Transformer Datasheet	98
Appendix E – Adafruit Ultimate GPS Datasheet	102
Appendix F – GPS External Antenna Datasheet	113
Appendix G – DC-DC Converter Datasheet	117
Appendix H – EEPROM Datasheet	123
Appendix I – PIC16F887 Microcontroller Datasheet	132
Appendix J – LiPo Battery Datasheet	161
Appendix K – 3.3V Voltage Regulator Datasheet	162
Appendix L – Operational Amplifier Datasheet	171
Appendix M – 5V Voltage Regulator Datasheet	186
Appendix N – Red / Green LED Datasheet	196
Appendix O – LCD Display Datasheet	198
Appendix P – Tactile Buttons Datasheet	208
Appendix Q – Fixed Terminal Block Datasheet	210
Appendix R – Header Pins Datasheet	211
Appendix S – Software Code	215
Appendix T – Additional Part Night Information	219




[bookmark: _Toc196396713]List of Figures
Figure 1 Pembrokeshire County Council Carbon Footprint [10]	13
Figure 2 Example of Smart Streetlighting [25]	14
Figure 3 Example of CMS [69]	15
Figure 4 Waterfall Development Methodology [70]	17
Figure 5  Increment Development Methodology [71]	18
Figure 6 PCC types of Streetlights: Traditional over carriageway, Post-Top, Decorative, Wall mounted	23
Figure 7 Chosen Current Transformer - Carlo Gavazzi CTA5X100A5A (Datasheet - See Appendix D) [41]	27
Figure 8 Chosen GPS Receiver - Adafruit 746 (Datasheet - See Appendix E) [43]	29
Figure 9 GPS Antenna (Datasheet - See Appendix F) [72]	29
Figure 10 Chosen DC-DC Converter - RECOM RS3-0515D/H3 (Datasheet - See Appendix G) [48]	31
Figure 11 Chosen EEPROM - Microchip 24LC1026 (Datasheet - See Appendix H) [73]	34
Figure 12 Chosen PIC Microcontroller - PIC16F887 - (Datasheet - See Appendix I) [74]	38
Figure 13 PIC16F887 Block Diagram [75]	38
Figure 14 Chosen Battery – LiPo 10,000mAh - (Datasheet - See Appendix J) [55]	44
Figure 15 Battery Configuration	44
Figure 16 Power Supply Block Diagram	48
Figure 17 Power Supply Schematic - Battery, Battery Metering & 7.4V Supply	49
Figure 18 Power Supply Schematic - 5V Regulated Supply	50
Figure 19 Power Supply Schematic - 3.3V Regulated Supply	50
Figure 20 DC-DC Converter Schematic	51
Figure 21 PIC16F887 Schematic	51
Figure 22 PIC Decoupling Capacitor	52
Figure 23 Master Clear (MCLR) Schematic	52
Figure 24 CT Circuit Schematic - Simulated Switching	53
Figure 25 CT Circuit Schematic - Burden Resistor	54
Figure 26 CT Circuit Schematic - Amplifier	55
Figure 27 CT Circuit Schematic - Rectifier	56
Figure 28 CT Circuit Schematic - Filter	57
Figure 29 GPS Schematic	57
Figure 30 LCD Display	58
Figure 31 EEPROM	58
Figure 32 Green LED Schematic	59
Figure 33 Button Assembly Schematic	59
Figure 34 Full Proteus Schematic	60
Figure 35 Flowchart of the software code	61
Figure 36 Code Extract 1 - Extracting Time from NEMA String	62
Figure 37 Code Extract 2 - Test Screen Function	62
Figure 38 Code Extract 3 - The Menu	63
Figure 39 Code Extract 5 - Clearing the EEPROM Memory	64
Figure 40 Code Extract 4 - Change of State Time Capture	64
Figure 41 LMD System Block Diagram	68
Figure 42 Full Breadboard Prototype	69
Figure 43 Graphical Expression of how CT Signal is Amplified and Rectified	70
Figure 44 Proteus Light ON and OFF Times	71
Figure 45 Light ON and OFF Graph	71
Figure 46 Location of EEPROM on Breadboard	72
Figure 47 Location of GPS Module on Breadboard	74
Figure 48 Proteus Schematic	76
Figure 49 Programming the PIC Microcontroller	77




[bookmark: _Toc196396714]List of Tables
Table 1 Tabulated Comparison of Existing Systems [33], [34], [35]	22
Table 2 Tabulated Comparison of Sensor Technology [36], [37], [38], [39]	24
Table 3 Parameters to Measure	25
Table 4 Current Transformer Comparison [40], [41], [42]	27
Table 5 GPS Receiver Comparison [43], [44], [45]	29
Table 6 DC-DC Converter Comparison [46], [47], [48]	30
Table 7 NMEA-0183 Output Messages	31
Table 8 GGA Data Format	32
Table 9 Parameter Values	33
Table 10 No. of Bytes required for each write to memory	33
Table 11 Frequency of Measurement	33
Table 12 Total Non-Volatile Memory required for 7 day Operation of Light Monitoring Device	34
Table 13 Type of Output from Device	35
Table 14 Number of IO Pins required for PIC Microcontroller	35
Table 15 PIC Microcontroller Comparison [49]	37
Table 16 Tabulated Comparison of Power Sources [50], [51], [52]	40
Table 17 Power Demand of Device	41
Table 19 Battery Comparison [53], [54], [55]	43
Table 20 Miscellaneous Components (#1)	45
Table 21 Miscellaneous Components (#2)	46
Table 22 Miscellaneous Components (#3)	47
Table 23 Prototype Bill-of -Quantities	67
Table 24 Evaluation of Objectives	73


[bookmark: _Toc196396715]List of Equations
Equation 1 Memory Required for 7-Day Logging	34
Equation 2 Battery Power Calculations	44
Equation 3 Voltage Divider Calculations	49
Equation 4 Simulation of Light ON and OFF Calculations	53
Equation 5 Burden Resistor Calculations	54
Equation 6 Circuit Gain Calculation	55
Equation 7 LED Resistor Value Calculation	59


[bookmark: _Toc196396716]List of Abbreviations
[bookmark: _Hlk191726702]CT	Current Transformer
IoT	Internet of Things
IP 	Ingress Protection
LDR	Light Dependent Resistor
LMD	Light Monitoring Device
PCC	Pembrokeshire County Council
PN	Part Night




[bookmark: _Toc180068451][bookmark: _Hlk180063527]

[bookmark: _Toc196396717]1. Introduction
[bookmark: _Hlk189311125]
Streetlighting is an important component of any local authority’s highway infrastructure, [1] crucial for both increasing public safety and increasing road visibility. Local authorities are continuously attempting to balance the provision of essential public services with the importance of reducing energy consumption and operational costs, so rethinking innovative and different lighting and control systems is increasingly essential whilst continuing to provide a service that the public demand. One method is the adoption of part-night switching policies, which consists of extinguishing or dimming streetlights during designated periods of low activity, usually in the late-night and early-morning hours. This method conserves energy and diminishes carbon emissions, helping to achieve environmental sustainability goals. PCC’s PN policy was implemented in 2008 and states that lights will be extinguished for 5 ½ hours a night, typically from midnight to 5:30am “see Appendix A”. 

The basic problem this project attempts to address is the lack of a robust system to verify that the PN switching policy is being correctly implemented across Pembrokeshire's street lighting network. Customer complaints regarding specific lights not working correctly tends to be subjective in nature, as they want it to be on when carrying out some tasks. For example, the light outside their home may not be on when they are going to work, but the light down the road is, there are many reasons why this may not be on yet, e.g. shading, power cut in the area “see Appendix B”.

Corporate Complaints are having to be upheld due to the lack of evidence that the streetlight in question may well be working within its intended parameters. Historically, monitoring was carried out by night inspectors to verify such complaints. Unfortunately, these have now been lost due largely to austerity measures and budget constraints.  

[bookmark: _Hlk195516799]To address this issue of corporate complaints, the primary aim of this project is to design and develop a device that can be used across the PCC Streetlighting network to log the switching on and off times, to answer the question of “does this streetlight comply with PN switching policy?” The monitoring device can then be used to show evidence and to give detailed information to members of the public who have raised concerns or complaints about specific streetlights, in the hope of being able to reject corporate complaints and improve the authority’s KPIs. 

Below are the objectives of the project, that will, if implemented correctly, satisfy the aim of the project:

1. Design and develop a compact, cost-effective monitoring device using a PIC microcontroller that can be easily installed on the existing street lighting network.

2. Capture streetlighting switching ON & OFF times

3. Real-time feedback via LCD and LED indicators

4. Data Logging of the switching on and off times of the streetlight that needs examining. This data will need to be stored for analysing later.  

5. Data Retrieval of the logged data needs a user-friendly interface for analysing the data and reporting it to members of the public. 

This report will provide a comprehensive overview of each stage of the project. Detailing the research and implementation of the design and development of the monitoring device and hopefully, by the end, will show how it can help PCC to determine if its PN switching policy is being implemented correctly, and will contribute to improved customer satisfaction. 


[bookmark: _Toc196396718]2. Research and Literature Review

[bookmark: _Hlk189481063][bookmark: _Hlk189569566][bookmark: _Hlk189911373]Electric street lighting has been a feature of urban and sub-urban settlement since the end of the nineteenth century. Indeed, the electriﬁcation of lighting has in many ways deﬁned the modern city, in extending the visibility of its public spaces, inhabitants and itinerants beyond the hours of natural daylight [2].

Cost effective and environmentally friendly street lighting plays a crucial role in the modern highway infrastructure of any Local Authority. Assisting in both safety for road users and residents’ wellbeing. Streetlighting technologies dating back to the 1960s were one of the largest energy drains for Local Authorities in the UK, amounting to approximately 40% of their total electricity consumption [3]. PCCs first step towards reducing their energy costs came in 2008 with the implementation of PN switching of their street lighting infrastructure. This was followed with a secondary step towards reducing energy costs and carbon footprint when further reductions were made when the authority followed cities worldwide in replacing its traditional lamps with LEDs [4]. 

PN switching of streetlights, is a system used by many local authorities to reduce energy consumption and carbon emissions, particularly in residential areas, where traffic accidents and crime rates are significantly lower [3]. Turning of streetlights also mitigates light pollution and the amount of light energy radiated into the sky [5]. 

The implementation of part night switching policies varies depending on the local authority involved and the needs of its residents. The needs of a rural county like Pembrokeshire are very different to the needs of say a city council like Swansea, even though the type of lights used may be very similar. Typically, streetlights are either extinguished or dimmed during the hours between midnight and 5am [3], [6], [7].

This reduces the number of hours during which streetlights are operating at full capacity. The main objective of part night switching is to strike a balance between reducing energy costs and ensuring public safety. Local authorities are also mindful of residents' concerns and the potential negative impacts on public security during these hours [2], [8]. For example, in the UK, many local authorities, including Hertfordshire, Shropshire, Buckinghamshire as well as Pembrokeshire have all adopted part night switching as part of their street lighting policies. These councils have often cited cost savings as a key driver for the change [2]. Some authorities, fearing the backlash of its residents have opted for investment in LED lighting, which can be dimmed as opposed to switched off completely. 

Cost savings are not the only considerations for local authorities when implementing Part Night Policies. With streetlighting accounting for approximately 8% of environmental pollution due to greenhouse gas emissions [9], reducing the operation of streetlights during low-traffic hours lowers energy consumption and leads to a decrease in carbon emissions. As part of the UK's commitment to reducing carbon emissions, part night switching supports national goals to transition to a greener, more energy-efficient society [1]. 
PCCs has reduced its carbon emissions from its streetlighting by 60% since introducing PN switching in 2008. From 2,220 tCO2e to 886 tCO2e [10].
[bookmark: _Toc196396802]Figure 1 Pembrokeshire County Council Carbon Footprint [10]



As well as reducing costs, energy and carbon footprint, PN policies also help with ecological factors. Dark skies policies aim to reduce the effect of artificial night-time lighting on nocturnal species. PN lighting can help by reducing sky glow and pollution that may be harmful to these wildlife species [11].
Despite the implementation of PN policies across the country, and the advantages it has for local authorities, residents have numerous concerns regarding its introduction. Public concerns centre on personal security, road safety, crime, fear of crime, sleep quality and generally feeling unsafe after dark [12]. However, a report funded by the National Institute for Health Research found that where street lighting data that was obtained from 62 local authorities, there was no evidence that reduced street lighting was associated with road traffic collisions at night [13]. There was, however, significant discrepancy in the estimated effects on crime at police force level. Overall, there was no evidence that part nighting of streetlighting was associated with increased levels of crime [8].

High quality public services are increasingly being demanded by municipal residents [14]. Local authorities (LAs) are increasingly using customer satisfaction surveys to assess their performance, and this information can be used to drive service improvements. However, it's important to note that the public may not always be aware of funding cuts and reductions in resources faced by the local authority, which can affect their satisfaction levels [15]. Benchmarking is a key component of performance management for local governments. It involves comparing an organization's performance against that of others to identify areas for improvement. Benchmarking can focus on a range of performance indicators, including cost, quality and customer satisfaction [16]. There are several UK benchmarking schemes in England and Wales, however, PCC use APSE benchmarking, through its "Performance Networks" service. APSE allows local authorities across the UK to compare their performance in various frontline service areas, including streetlighting, by sharing data on KPIs, enabling them to identify areas for improvement by benchmarking against other participating councils, essentially learning from best practices within the sector. APSE performance networks are the largest public sector benchmarking service in the UK. It enables more than 200 local authorities across England, Northern Ireland, Scotland and Wales to share information and manage performance [17].  “See Appendix C”.
Within the last decade, research towards intelligent and sustainable technologies, along with smart city initiatives has attracted significant attention among the scientific community [18]. 
Streetlighting has evolved beyond recognition since William Murdoch invented gas lighting in the late 18th century, and the first 13 known streetlights were installed along Pall Mall, London in 1807 [19]. Since then, we have seen several advancements in technologies, firstly in the early 1900s when Thomas Edison’s Incandescent Lamps were first used, and during the 20th century, progressions to the use of Mercury Vapour Lamps, Sodium, Metal Halide to recent LED technology [20].  

Modern technology doesn’t just concentrate on what equipment illuminates the road. Advancements in research now looks at the way streetlighting operates from a network point of view [21]. The result of this type of study has been the introduction across the industry of systems like: 
· Smart Streetlighting
· Internet of Things (IoT)
· Central Management Systems (CMS)

Smart Streetlighting systems are set up to dynamically adapt streetlighting levels and operation to suit the actual conditions of the environment. Typically, streetlighting columns are networked together to a controller which can adjust lighting according to readings from an array of sensors, these can include Light Sensors, Infrared, Cameras. These sensors measure the flow of traffic, pedestrian movement lighting levels and weather conditions [22], [23]. Smart streetlights have the capability of lighting up lamps in the immediate locality around the pedestrian or vehicular movement, while dimming the ones around them and switching off as movement passes through [24].
[bookmark: _Toc196396803]Figure 2 Example of Smart Streetlighting [25]




The main benefit of Smart Streetlighting is the huge energy reductions that are available. Savings of up to 82.99% have been seen in test areas [23]. 
This technology also has its downsides, high setup costs [25] and complex calculation of energy consumption due to its adaptive nature. 


Central Management Systems (CMS) also known as telemanagement, are highly advanced systems used within the streetlighting industry to monitor, control and adjust the whole connected infrastructure with a targeted approach. CMS connected streetlights are typically connected to a wireless router in the middle of the network to form a spider’s web, mesh affect [23] this provides redundancy so if one unit stops working it can latch onto another [21]. 

[bookmark: _Toc196396804]Figure 3 Example of CMS [69]


















The gateway router then sends the information received from the streetlights on their status to a remote monitoring unit or central server [23]. From here, a streetlighting engineer can access the information received from the lights and adjust them individually [26]. Parameters that can be individually adjusted, include when each individual streetlight turns on or off and by how much to reduce the lamp power. This allows any number of switching events or dimming levels. The CMS also provides other benefits such as fault detection [27].
With all the above advantages of implementing a CMS system, the major disadvantage here is the high initial setup costs [18], meaning that this system is only used by big capital cities and government organisations like SWTRA (Trunk Roads). 








Internet of Things (IoT) is not technically a system on its own. IoT refers to the technology being integrated into modern streetlighting systems to enhance efficiency, reduce energy consumption and enable remote monitoring and control [28], through incorporation into Smart Cities in the above two systems. IoT enabled streetlights can incorporate various sensors, including [29]:

· Environmental Monitoring
· CO2 
· Temperature
· Humidity
· Noise Level
· Light Level
· Data Collection
· Traffic Motion Data
· Pedestrian Motion Data 

These sensors are used in conjunction with wireless communication technologies like ZigBee, Wi-Fi and LoRaWAN to communicate between lights, control systems and software [30]. 
Electric Vehicle Charging is now a technology that is being integrated into streetlighting networks, and IoT is playing a big part of the move into this technology [31]. Along with Green technology, and the move towards Solar, Wind and Hybrid lighting, IoT enabled sensor networks are essential components of these green lighting systems, which aim to reduce greenhouse gas (GHG) emissions associated with electricity generation from fossil fuels [18].  

Existing technologies as discussed above would be both expensive and difficult to implement, so a more cost-effective solution and standalone option is required in Pembrokeshire.  
[bookmark: _Hlk180063559]



[bookmark: _Toc196396719]3. Methodology
[bookmark: _Hlk190600148][bookmark: _Toc196396720]3.1 Development Methodology

The project will use a combination of Waterfall and Incremental development Methodologies. Using a blend of both approaches we will aim to utilise the advantages and minimise the disadvantages of both systems.[bookmark: _Toc196396805]Figure 4 Waterfall Development Methodology [70]

[bookmark: _Hlk190600165]

The Waterfall technique, as shown above, clearly outlines a methodical approach used in the development of a solution to record the switching on and off times of the streetlights in Pembrokeshire. Every project milestone is to be completed in sequence, which will ensure the project advances in order. 

Advantages of Waterfall Methodology:
1. Clear structure
2. Easy to manage
3. Early determination of goals
4. Stable method

Disadvantages of Waterfall Methodology:
1. Inflexible
2. Delayed testing

[bookmark: _Toc196396721]3.2 Incremental Methodology

[bookmark: _Hlk190601750]Incremental development will help each "Waterfall" milestone to be broken down further. Every milestone will then follow the same procedures—requirement, design, implementation, and testing. This will mean that at every stage of the design the starting point is basic, with more layers adding improvements once the previous has been validated and tested. [bookmark: _Toc196396806]Figure 5  Increment Development Methodology [71]




Advantages of Incremental Methodology:
1. Easy breakdown of tasks.
2. Lowers delivery cost.
3. Removes errors easily.
4. Good system to use when using new Technology.
5. Generates working prototypes quickly.

Disadvantages of Incremental Methodology:
1. It requires a good planning designing.
2. It is costlier than waterfall model.
3. Difficulty in tracking progress, especially if multiple increments being developed simultaneously.
4. More time spent on testing, can delay the project’s completion.

[bookmark: _Hlk190606166]

[bookmark: _Hlk190603590][bookmark: _Hlk190604043][bookmark: _Hlk190606055]

[bookmark: _Toc196396722]3.3 Software

[bookmark: _Toc196396723]3.3.1 Embedded C - will be used to build the software system of a PIC microcontroller, that will track and record data when a light has changed state between on and off. The software will also gather GPS information, ensuring that the data collected satisfies any auditing procedures recognising where and when the readings were taken. The microcontroller's programming will save the timestamp and GPS information to non-volatile memory. 

[bookmark: _Hlk190604114][bookmark: _Toc196396724]3.3.2 Proteus - The Proteus software suite will be used to simulate the schematics before a prototype is produced. Working alongside the CCS compiler it will allow for an electronic simulation of the device, allowing for testing to be carried out before the build.

[bookmark: _Hlk190604559][bookmark: _Toc196396725]3.3.3 CCS Compiler - The CCS compiler tool will be used to compile the C code for the PIC Microcontroller. CCS was chosen as it has a user-friendly interface and is optimized for hardware features like I/O pins and peripherals. It will be used within Proteus for optimized build and debugging of the system.
 
[bookmark: _Hlk190605270][bookmark: _Hlk190605640][bookmark: _Toc196396726]3.4 Hardware 
[bookmark: _Hlk190605283][bookmark: _Toc196396727]
3.4.1 PIC Microcontroller - The PIC Microcontroller will be the heart of the monitoring device. Used to control the collection and processing of information from the attached peripherals.

[bookmark: _Toc196396728]3.4.2 Current Transformer - A CT clamped onto the conductor powering the luminaire will detect the change of current as the streetlight switches on and off. 

[bookmark: _Toc196396729]3.4.3 GPS Chip - A GPS module will be added. This will ensure accurate data is logged to identify where data was collected. Not relying on the PIC to store the time will also safeguard against loss of power to the device and save programming onsite. 

[bookmark: _Toc196396730]3.4.4 Various Electronic Components – Various items e.g.
· Resistors
· Capacitors
· LCD Screen
· Power Supply
· Voltage Regulator
· LEDs
· Diodes
· Op-Amps

[bookmark: _Toc196396731]3.5 Tools
[bookmark: _Toc196396732]
3.5.1 PICkit 3 - A PICkit 3 programmer will be used to transfer the software to the PIC Microcontroller from the compiler software

[bookmark: _Toc196396733]3.5.2 Soldering Kit - Soldering of the components will be required to the PCB board
[bookmark: _Hlk192322083][bookmark: _Toc196396734]4. Design & Implementation

[bookmark: _Toc196396735]4.1 Design Specification

To verify that the PN switching of streetlights at PCC is being implemented correctly, a reliable light logging & monitoring system is required to log the switching on and off times of individual streetlights on an ad-hoc basis within the County. The device should be capable of being deployed quickly, with no modification needed to the device nor to the streetlights themselves. The design of the device should consider the different configurations of streetlight designs, as well as the diverse fixing and mounting systems within the PCC streetlighting portfolio. The design of the device will also consider the need to easily retrieve the data, to present it to members of the public. The data must be objective, to verify compliance with the councils PN policy, ensuring that cost savings are being achieved as planned, and any corporate complaints can be rejected.

The data needed to be collected from the device is as follows:

· Location of the logged information
· Time when the light is activated in the evening
· Time when the PN deactivates the light during the night
· Time when the PN activates the light in the morning
· Time when the light deactivates in the morning
· Power supply status


[bookmark: _Toc196396736]4.2 Output Requirements

To achieve the design specification, the Light Monitoring Device (LMD) must be powered by an independent power supply, be portable and adaptable. This is to ensure it will continue monitoring even when the site is remote and unpowered. 

The LMD will need to be capable of not only connecting to a sensor but will need the capacity to store data during a potential 7-day testing cycle on non-volatile memory. A Green LED will need to be programmed to activate for 5 seconds to indicate that a switching has been logged and confirming successful data storage. Additionally, a Red LED should be on to indicate the LMD is switched on.  

Environmental conditions will need to be considered during the design phase to ensure adequate Ingress Protection Ratings (also known as IP Rating) are met.

To debug the system and retrieve on/off events, real-time data must be presented on an LCD panel.



[bookmark: _Toc196396737]4.3 Existing Systems

Light monitoring and light logging devices are used for many purposes and in many key applications. They are used to continuously measure lighting levels and help us understand how much light is present in any given area. This measurement is crucial in many industries such as:

· Analysing Energy Usage – tracking light usage in buildings and outdoor spaces to help optimise energy consumption 
· Lighting Management in BMS – Monitoring lighting levels in schools and other public buildings based on occupancy and lighting levels
· Plant Growth – controlling plant exposure to high light levels to optimize growth
· Food Safety – Monitoring food to ensure produce is optimally stored and shipped
· [bookmark: _Hlk180063660]Ancient Artifact Preservation – Light overexposure can cause weakening, discoloration, yellowing and embrittlement. Damage caused by light exposure is both cumulative and irreversible [32]
· Industry & Work –By ensuring areas are well illuminated, workers reduce their likelihood of trips, slips and falls

Below is a detailed tabulated comparison of three existing systems that are on the market:
[image: A table with different types of electronic devices
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[image: A white and black table with text
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[bookmark: _Toc196396851]Table 1 Tabulated Comparison of Existing Systems [33], [34], [35]





[bookmark: _Toc196396738]4.4 Design Options

The design of the LMD must be adaptable to fit all the various streetlight types within PCC’s portfolio. These include:

· Traditional column design with lantern over carriageway
· Post top lantern 
· Ornate/Decorative lantern and columns
· Wall mounted bracketed lanterns 
[bookmark: _Toc196396807]Figure 6 PCC types of Streetlights: Traditional over carriageway, Post-Top, Decorative, Wall mounted


The choice of sensor to detect if the Streetlight is ON or OFF is critical to the success of this project. Choosing a sensor that is not compatible with one or more of the above streetlighting types will mean that the Design Specification is not met.  
[image: A close-up of several sensor components
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[image: A close-up of a chart
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[bookmark: _Toc196396852]Table 2 Tabulated Comparison of Sensor Technology [36], [37], [38], [39]
The tabulated comparison above gives some explanation as to why the CT Clamp was chosen as the sensor for the LMD   
[bookmark: _Toc196396739]4.5 The Design

[bookmark: _Toc196396740]4.5.1 Design Parameters
	
Table 2 below shows the parameters that the LMD will record and measure to satisfy the Design Specification.

[image: A close-up of a gps location
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[bookmark: _Toc196396853]Table 3 Parameters to Measure


[bookmark: _Toc196396741]4.5.2 Equipment Requirements

The equipment listed below will be required to construct the LMD: 

· CT Clamp
· GPS Receiver
· GPS Antena
· DC-DC Converter
· PIC Microcontroller 
· Non-Volatile Memory
· Power Supply
· LCD Screen
· Op Amp
· 5V Regulator
· LED Indicator Lights
· Buttons
· Various Electronic Components
· PCB
· Connectors 






[bookmark: _Toc196396742][image: A table with different types of electrical components

AI-generated content may be incorrect.]4.5.3 Current Transformer (CT Clamp) Selection




[image: A grey box with black text
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[bookmark: _Toc196396854]Table 4 Current Transformer Comparison [40], [41], [42]



[image: A grey electrical device with a red light
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[bookmark: _Toc196396808]Figure 7 Chosen Current Transformer - Carlo Gavazzi CTA5X100A5A (Datasheet - See Appendix D) [41]


Table 4 above compares three potential CT’s. The Panasonic was discarded as it had environmental limitations, while the Hobut was designed for multifunction meter use. Although expensive the Carlo Gavazzi fitted the requirement.

Below in Table 5 we see the comparison of the GPS modules, there is little difference between all three, however the Adafruit was chosen as the alternatives had slower delivery times.









[bookmark: _Toc196396743]4.5.4 GPS Selection

[image: A table with different electronic components
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[image: A screenshot of a screen
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[bookmark: _Toc196396855][bookmark: _Hlk195711222]Table 5 GPS Receiver Comparison [43], [44], [45]


[image: Adafruit 746 Enlarged Image]

[bookmark: _Toc196396809]Figure 8 Chosen GPS Receiver - Adafruit 746 (Datasheet - See Appendix E) [43]

Additionally, the selected GPS receiver module will require an external active antenna. The chosen GPS antenna will give an additional 28 dB of gain and has a 5-meter-long cable. The antenna is magnetic so it will stick to the inside of a steel streetlighting column. 

[bookmark: _Toc196396810]Figure 9 GPS Antenna (Datasheet - See Appendix F) [72]














[bookmark: _Toc196396744]4.5.5 DC-DC Converter Selection

[image: A table with a few electronic components
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[bookmark: _Toc196396856]Table 6 DC-DC Converter Comparison [46], [47], [48]


[image: A black rectangular object with text
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[bookmark: _Toc196396811]Figure 10 Chosen DC-DC Converter - RECOM RS3-0515D/H3 (Datasheet - See Appendix G) [48]

Table 6 above compares three potential DC-DC Converters. The TRACOPOWER was discarded as it was simply too expensive, while the RECOM Power model was selected over the XP Power as it has similar features but comes in a smaller package.


[bookmark: _Toc196396745]4.5.6 Memory Requirements

To store the data collected from the GPS receiver and the light switch on/off times via the CT, a calculation of the required Non-Volatile memory will be necessary. Non-Volatile memory is stored even when the device is powered down, as opposed to the Volatile memory which is erased once the device is powered down.  

GPS Data - From Table 5 (GPS Receiver Comparison) the Adafruit 746 GPS module uses the industry standard NMEA-0183 frame format to represent the GPS location information. To understand the memory requirements, the NEMA output messages must be broken down.

Table 7 below shows the Output Messages from NEMA-0183 protocol.

[image: A grey and white text
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[bookmark: _Toc196396857]Table 7 NMEA-0183 Output Messages

Since the LMD requires accurate time stamps to record the on/off times of the streetlight, location detail when it is switched on as well as fix indicator of the satellite signal to start recording, the device will utilise the GGA - Global Positioning System Fixed Data message from the GPS Module. 

 Table 8 contains the values of the following GGA example:

[bookmark: _Hlk192318317]$GPGGA, 161229.487, 3723.2475, N, 12158.3416, W, 1, 07, 1.0, 9.0, M, , , ,0000*18

[image: A close-up of a data sheet
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[bookmark: _Toc196396858]Table 8 GGA Data Format

To minimise the memory requirements, not all the message string is required to be stored on the device. 
When the device is first switched on, it checks for the character below to be greater than 0. This will indicate a satellite fix. 

$GPGGA, 161229.487, 3723.2475, N, 12158.3416, W, 1, 07, 1.0, 9.0, M, , , ,0000*18



Once the satellite fix has been established, the LMD will then capture and store the relevant Latitude and Longitude location information that is indicated below.

$GPGGA, 161229.487, 3723.2475, N, 12158.3416, W, 1, 07, 1.0, 9.0, M, , , ,0000*18

When the trigger value from the CT activates an interrupt within the PIC Microcontroller to capture a time stamp to record an ON or Off change in status of the streetlight, the LMD will then capture and store the time information as indicated below.

$GPGGA, 161229.487, 3723.2475, N, 12158.3416, W, 1, 07, 1.0, 9.0, M, , , ,0000*18

[image: A diagram of a table
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[bookmark: _Toc196396859]Table 9 Parameter Values

Table 9 above shows the number of characters that will be stored on the LMD memory. Each character value stored will require 1 byte of memory.

[image: A screenshot of a computer
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[bookmark: _Toc196396860]Table 10 No. of Bytes required for each write to memory

[image: A table with text and images
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[bookmark: _Toc196396861]Table 11 Frequency of Measurement



Time Stamp Memory

6 𝐵𝑦𝑡𝑒𝑠 / ON or OFF ∗ 4 (𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 write to memory / Day) = 24 𝐵𝑦𝑡𝑒𝑠 / Day
24 𝐵𝑦𝑡𝑒𝑠 / Day ∗ 7 (𝐷𝑎𝑦𝑠 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛) = 168 𝐵𝑦𝑡𝑒𝑠
[bookmark: _Toc196396874]Equation 1 Memory Required for 7-Day Logging

[image: A table with numbers and text
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[bookmark: _Toc196396862]Table 12 Total Non-Volatile Memory required for 7 day Operation of Light Monitoring Device

[bookmark: _Toc196396746]4.5.7 Memory Selection

Tables 10, 11 and 12 above, tabulate the calculated minimum Non-Volatile memory required for the operation of our LMD for a 7-day monitoring period as per the Output Requirements of this report.  
Although larger memory solutions are available, such as SD cards and USB flash drives, a built in EEPROM will offer ample storage for the relatively little memory requirements of the device.   


[bookmark: _Toc196396812]Figure 11 Chosen EEPROM - Microchip 24LC1026 (Datasheet - See Appendix H) [73]













[bookmark: _Toc196396747]4.5.8 Microcontroller Selection


[image: A grey and white rectangular object
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[bookmark: _Toc196396863]Table 13 Type of Output from Device

Table 13 above shows the type of output signal produced, that will be processed by the Microcontroller. The tabulated view below in Table 14 shows the minimum amount of Analog & Digital IO pins, Communication Devices and peripherals the Microcontroller will require. From this table of requirements for our Microcontroller, the filters can be set on the Microchip parametric part selector website tool to shortlist suitable Microcontrollers.


[image: A table with text and numbers
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[bookmark: _Toc196396864]Table 14 Number of IO Pins required for PIC Microcontroller

With the above criteria used to filter Microchip products, 729 suitable PIC Microcontrollers were identified as suitable. 5 samples were chosen as a comparison in Table 15 below:

[image: A table with numbers and symbols
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[image: A table with numbers and symbols
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[bookmark: _Toc196396865]Table 15 PIC Microcontroller Comparison [49]



[bookmark: _Toc196396813]Figure 12 Chosen PIC Microcontroller - PIC16F887 - (Datasheet - See Appendix I) [74]




[bookmark: _Toc196396814]Figure 13 PIC16F887 Block Diagram [75]







[bookmark: _Toc196396748]4.5.9 Power Options

How the LMD is powered must be carefully assessed. The device must be portable and have enough energy to power the device for a minimum period of 7 days. There are many options available, these include:

· Battery
· Solar 
· Mains Electric 

Choosing the correct power source is essential for the device to meet the Design Specification. 

[image: A table with different types of electrical components
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[image: A list of batteries with text
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[bookmark: _Toc196396866]Table 16 Tabulated Comparison of Power Sources [50], [51], [52]

The tabulated comparison in Table 16 above gives some explanation as to why Batteries were chosen as the power source of the LMD. Solar was rejected, as batteries would be needed as well as the solar system, and utilizing the utility power at the lamppost would be intrusive and would potentially require trained individuals to deploy the device.   

[bookmark: _Toc196396749]4.5.10 Power Requirements

To calculate the power budget of an embedded device, you need to consider the power consumption of individual components and subsystems within that device. This is done by carefully studying the datasheets and obtaining the following information from them:

· Voltage
· Current Draw

This data can then be used to calculate power consumption using P = V × I for each component of the device. These are then totalled up for total power demand as shown in Table 17.

[image: A screenshot of a computer
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[bookmark: _Toc196396867]Table 17 Power Demand of Device













To estimate battery Capacity (mAh) the information from the datasheets is also used, but this time we need to consider how long each component is operational for while the device is switched on. As seen in Table 18 below

[image: A screenshot of a battery capacity chart
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Table 18 Battery Capacity Requirements
























[bookmark: _Toc196396750]4.5.11Power Selection

[image: A table with a list of batteries
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[bookmark: _Toc196396868]Table 19 Battery Comparison [53], [54], [55]
[image: High Capacity Rechargeable 1260100 3.7V 10000mAh Li-po Battery]







[bookmark: _Toc196396815]Figure 14 Chosen Battery – LiPo 10,000mAh - (Datasheet - See Appendix J) [55]



[bookmark: _Toc196396751]4.5.12 Battery Configuration 

[image: A diagram of a battery

AI-generated content may be incorrect.]














[bookmark: _Toc196396816]Figure 15 Battery Configuration


Figure 15 demonstrating the battery configuration using four 3.7V 10,000mAh LiPo batteries, arranged in a 2 Series, 2 Parallel arrangement to output 20,000mAh at 7.4V. 

Series Connection





Series Connection


[bookmark: _Toc196396875]Equation 2 Battery Power Calculations


[bookmark: _Toc196396752]4.5.13 Miscellaneous Components

[image: A table with different types of electrical components
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[bookmark: _Toc196396869]Table 20 Miscellaneous Components (#1)















[image: A table with a display and buttons
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[bookmark: _Toc196396870]Table 21 Miscellaneous Components (#2)






















[image: A close-up of a computer component

AI-generated content may be incorrect.]
[bookmark: _Toc196396871]Table 22 Miscellaneous Components (#3)






[bookmark: _Toc196396753]4.6 Circuit Design


[image: A diagram of a power supply system
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[bookmark: _Toc196396817]Figure 16 Power Supply Block Diagram



The Block diagram in Figure 16 shows the three different voltages required by the LMD. That is 7.4V, 3.3V and 5V. The diagram also shows what voltages are required for each peripheral device.  















[bookmark: _Toc196396754]4.6.1 Power Rail Schematic

4.6.1.1 Battery, Battery Metering & 7.4 Volt Supply

[bookmark: _Toc196396818]Figure 17 Power Supply Schematic - Battery, Battery Metering & 7.4V Supply





























The schematic design in Figure 17 and Figures 18 & Figure 19 on the subsequent pages shows the step down from the 7.4 Volt Battery Power Supply to 5V via a 7805-voltage regulator, and from 5V to 3.3V via a 7833-voltage regulator. Note the presence of a Diode to protect against any back feed of voltage that may interfere with the battery voltage measurement, as well as the RED LED indicating that the LMD is switched on.

The Voltage Divider used to measure VBATT.




[bookmark: _Toc196396876]Equation 3 Voltage Divider Calculations
4.6.1.2 5 Volt Regulated Supply




















[bookmark: _Toc196396819]Figure 18 Power Supply Schematic - 5V Regulated Supply



4.6.1.3 3.3 Volt Regulated Supply





















[bookmark: _Toc196396820]Figure 19 Power Supply Schematic - 3.3V Regulated Supply

[bookmark: _Toc196396755]4.6.2 DC-DC Converter Schematic

[image: ]















[bookmark: _Toc196396821]Figure 20 DC-DC Converter Schematic


[bookmark: _Hlk195433150]The DC-DC Converter in Figure 20 powers the Operational Amplifiers used to Amplify and Rectify the voltage received from the CT.  


[bookmark: _Toc196396756]4.6.3 PIC 16F667 Microcontroller Schematic
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[bookmark: _Toc196396822]Figure 21 PIC16F887 Schematic


The schematic in Figure 21 shows the connection pins used on the PIC Microcontroller.  

[bookmark: _Toc196396757]4.6.4 PIC Decoupler Schematic

[image: ]





Figure 22 showing how the decoupling capacitor is connected, its job is to supress high-frequency noise in power supply signals [65].






[bookmark: _Toc196396823]Figure 22 PIC Decoupling Capacitor




[bookmark: _Toc196396758]4.6.5 MCLR Schematic

[image: ]



The resistor and capacitor on the MCLR pin serve to provide a stable reset signal and prevent unintended resets. The resistor, typically 10K ohms, pulls the MCLR pin high when not actively driven low for reset. The capacitor, typically small 0.1μF, helps to maintain the reset state for a longer duration, preventing brief noise spikes from triggering a reset [66]. As seen in Figure 23.



[bookmark: _Toc196396824]Figure 23 Master Clear (MCLR) Schematic








[bookmark: _Toc196396759]4.6.6 CT Circuit, Amplifier & Rectifier Schematic

4.6.6.1 CT Clamp & Simulated Switching of Streetlight Circuit




















[bookmark: _Toc196396825]Figure 24 CT Circuit Schematic - Simulated Switching


The schematic design in Figure 24, and the following Figures 25, 26, 27 and Figure 28 all form part of the circuitry that converts the current read by the CT clamp that detects if the streetlight is in the On or Off state.
The schematic in Figure 24 is for the purpose of the Proteus simulation only. The switch and associated resistors simulate a 13-Watt Streetlight in the ON and OFF state.

VSINE = 230 Volts RMS	
Streetlight = 13 Watt (when light is ON)	
P/N Cell = 0.1 Watt (when light is OFF)









[bookmark: _Toc196396877]Equation 4 Simulation of Light ON and OFF Calculations
4.6.6.2 CT Burden Resistor




















[bookmark: _Toc196396826]Figure 25 CT Circuit Schematic - Burden Resistor



The schematic in Figure 25 shows the burden resistor connected across the CT's secondary terminals. It acts as a load for the CT, creating a voltage drop that is proportional to the secondary current, this in turn reflects the primary current. This voltage is then measured by the Microcontroller to determine the primary current.

Streetlight = 56.5 mA (when light is ON)
CT Ratio = 0.05
Target Voltage = 0.5 Volts












[bookmark: _Toc196396878]Equation 5 Burden Resistor Calculations
4.6.6.3 Amplifier





























[bookmark: _Toc196396827]Figure 26 CT Circuit Schematic - Amplifier


Figure 26 shows the first Op-Amp in the circuit. This is used as a non-inverting amplifier to amplify the voltage reading from the CT. Resistors R19 (Rf) and R20 (R1) are used to set the gain of the amplifier.

Rf = 900Ω	(R19)
R1 = 100Ω	(R20)



[bookmark: _Toc196396879]Equation 6 Circuit Gain Calculation


4.6.6.4 Rectifier































[bookmark: _Toc196396828]Figure 27 CT Circuit Schematic - Rectifier


The full-wave rectifier part of the circuit is shown in Figure 27 using a dual op-amp. This converts the amplified AC signal to a DC voltage. The first stage (U4:A) acts as a Half Wave Rectifier and outputs only the positive half-cycles of the input signal that flows through Diode 2, and the voltage appears at the junction of R3 and R4. During negative input cycles, the op-amp compensates to keep the output voltage at 0 by reversing bias on Diode 3. The second stage (U4:B) inverts and combines the input and rectified signals to reconstruct a full-wave signal. The result is a signal where both positive and inverted negative halves of the original waveform become positive.





4.6.6.5 Filter





















[bookmark: _Toc196396829]Figure 28 CT Circuit Schematic - Filter



Figure 28 above is a simple voltage regulation and filtering circuit using a Zener diode and a capacitor. The capacitor smooths out the voltage, while the Zenner diode regulates the voltage to 5V to protect the PIC Microcontroller. 


[bookmark: _Toc196396760]4.6.7 GPS Schematic
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[bookmark: _Toc196396830]Figure 29 GPS Schematic



The GPS module is connected to the PIC Microcontroller via UART (Universal Asynchronous Receiver/Transmitter) as shown in Figure 29.


[bookmark: _Toc196396761]4.6.8 LCD Display Schematic
[image: ]



LCD Schematic in Figure 30 showing connections to PIC Microcontroller.












[bookmark: _Toc196396831]Figure 30 LCD Display



[bookmark: _Toc196396762]4.6.9 EEPROM Schematic

[bookmark: _Toc196396832]Figure 31 EEPROM








EEPROM Schematic in Figure 31 showing connections to PIC Microcontroller via I2C.










[bookmark: _Toc196396763]4.6.10 Writing to EEPROM LED Schematic

[bookmark: _Toc196396833]Figure 32 Green LED Schematic




Figure 32 showing the Green LED that flashes when the EEPROM is written to.









[bookmark: _Toc196396880]Equation 7 LED Resistor Value Calculation


[bookmark: _Toc196396764]4.6.11 Button Assembly Schematic
[bookmark: _Toc196396834]Figure 33 Button Assembly Schematic




Button Assembly in Figure 33 shows connections to PIC Microcontroller.
[bookmark: _Toc196396765][image: ]4.6.13 Full Proteus Schematic
[bookmark: _Toc196396835]Figure 34 Full Proteus Schematic


The full diagram in Figure 34 shows the schematic used to create the simulation on the Proteus Software. 
[bookmark: _Toc196396766][image: A diagram of a software process
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[bookmark: _Toc196396836]Figure 35 Flowchart of the software code


The block drawing in Figure 35 shows the complete software layout.


[image: A screenshot of a computer program
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[bookmark: _Toc196396837]Figure 36 Code Extract 1 - Extracting Time from NEMA String


The extract of code in Figure 36 contains the interrupt routine that extracts and stores the UTC (Coordinated Universal Time) from the NEMA sentence that starts with the keyword “$GPGGA”.  Once the relevant time data is captured, the code then converts the ASCII-encoded characters into their corresponding decimal values. 

[image: A screenshot of a computer program
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[bookmark: _Toc196396838]Figure 37 Code Extract 2 - Test Screen Function


The extract of code in Figure 37 contains the Test Screen function, and shows how live data from the GPS, CT and Battery are displayed. 
[image: A screenshot of a computer program
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[bookmark: _Toc196396839]Figure 38 Code Extract 3 - The Menu



The extract of code in Figure 38 shows how the Menu Display is coded along with how the code executes functions based on the selected menu option. 










[image: A screenshot of a computer program
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[bookmark: _Toc196396840]Figure 39 Code Extract 5 - Clearing the EEPROM Memory


The code in Figure 39 controls the clearing of the EEPROM memory when the DELETE button is pressed.
[image: A screenshot of a computer program
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[bookmark: _Toc196396841]Figure 40 Code Extract 4 - Change of State Time Capture


The code in Figure 40 detects when current crosses the threshold of 10, either above or below, which indicates if a light is turned ON or OFF and stores the time of the event in the EEPROM, along with the event flag 0 (OFF) or 1 (ON). The Green LED also provides a visual confirmation by flashing for 1.5 seconds.

A full copy of the C Code can be found in Appendix R of this report.
[bookmark: _Toc196396767]4.8 Cost and Figures
[image: A screenshot of a computer
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[image: A screenshot of a computer screen
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[bookmark: _Toc196396872]Table 23 Prototype Bill-of -Quantities














[bookmark: _Toc196396768]5. Evaluation & Results

[bookmark: _Hlk195543913]This project set out with the aim of designing and developing a light monitoring device to log the switching ON and OFF times of streetlights in Pembrokeshire to answer the question of “does this streetlight comply with PN switching policy?” The core objectives were to detect when a light comes ON and OFF, logging the corresponding times and storing this data for later retrieval using a PIC Microcontroller. This evaluation will give an overview of the project’s outcomes by examining the results obtained in testing and suggests improvements for further development of the device.

[bookmark: _Toc196396769]5.1 Design and Implementation Overview

The system design includes:
· A CT clamp to detect current and sense ON/OFF states of the light.
· A PIC16F877 microcontroller programmed in C using the CCS compiler.
· GPS module to provide real-time timestamps.
· LCD to display system status and logged events.
· Buttons for menu navigation (MOVE, SELECT, BACK, DELETE).
· External EEPROM for data storage.
· LED indicator to confirm successful EEPROM writes.
[image: A diagram of a computer system
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[bookmark: _Toc196396842]Figure 41 LMD System Block Diagram


The Block diagram in Figure 41 shows the LMD architecture and how they are connected and communicate with each other. 



[bookmark: _Toc196396770]5.2 Evaluation of the Objectives

Evaluating the objectives will provide a clear benchmark for measuring the overall success of the project [67].

[bookmark: _Toc196396771]5.2.1 Objective 1: Design and develop a compact, cost-effective monitoring device using a PIC microcontroller

A functioning breadboard prototype was designed and assembled using a PIC Microcontroller and various easily sourced off the shelf components as shown in Figure 42. The hardware was compact, cost-effective and the use of Lithium Polymer batteries makes the device portable and allows for untethered operation. The Objective was achieved in principle; however, the device would be far more compact if it was packaged within a PCB board and enclosure.  

[bookmark: _Toc196396843]Figure 42 Full Breadboard Prototype
































[bookmark: _Toc196396772]5.2.2 Objective 2: Detect switching ON & OFF events

This Objective was achieved in full. Both the Proteus simulations and physical testing demonstrated that the device could accurately detect changes in current to indicate if the light was switching ON or OFF. Multiple tests using simulated and physical prototype confirmed that the CT and associated amplification circuitry produce a clear voltage signal which was then interpreted by the PIC Microcontroller to correctly detected state changes. 


[bookmark: _Toc196396844]Figure 43 Graphical Expression of how CT Signal is Amplified and Rectified











 














Figure 42 demonstrates how the voltage signal changes as it travels along the amplification and rectification circuit. The green waveform represents the sine wave from the CT before it is amplified. The red waveform is the amplified signal, while the blue waveform represents the half wave rectified signal, and the yellow waveform is the rectified and filtered version of the red sine wave that is fed into the PIC Microcontroller to read if the current is HIGH (ON) or LOW (OFF).





[bookmark: _Toc196396773]5.2.3 Objective 3: Capture GPS time at switching events

While the Proteus simulation for GPS time extraction was implemented and proven in simulation as seen in Figure 44, the GPS module failed to acquire a fix during indoor testing. This is likely to be due to a lack of adequate satellite signal preventing accurate timestamp capture during the physical test. The Objective was partially achieved; however, an outdoor test would likely have resulted in achieving a positive result for this objective. An outdoor test was planned, however time constraints meant this was not possible.  [bookmark: _Toc196396845]Figure 44 Proteus Light ON and OFF Times 












The characters 1 & 0 located at the end of the timestamp on the LCD screen denotes the event, and if the light was ON or OFF during this time-period. This is visually represented on the graph in Figure 45. 



[bookmark: _Toc196396846]Figure 45 Light ON and OFF Graph

[bookmark: _Toc196396774]5.2.4 Objective 4: Log data to external EEPROM

Although the hardware was installed to the breadboard prototype as seen with red circle in Figure 46 for external EEPROM storage, the software did not have this included in the code. Time constraints prevented the coding of I2C to PIC interfacing. The internal PIC EEPROM however was utilized within the code, and both the Proteus simulation and the physical test successfully stored the captured data to the internal EEPROM. This objective has partially been met, as the EEPROM code structure is in place, however the software limitation can be corrected relatively easily with more time. 


[bookmark: _Toc196396847]Figure 46 Location of EEPROM on Breadboard











[bookmark: _Toc196396775]5.2.5 Objective 5: Providing real-time feedback via LCD and LED indicators

The 20x4 LCD was tested to display some opening credits and to display a menu interface. Menu functionality proved successful in both simulation and physical testing. Input from the four buttons proved successful, allowing the user to navigate between different displays. As well as having the function of deleting stored data on the internal EEPROM, the menu test screen function also displayed the Battery Voltage, the CT voltage reading and the time captured from the GPS, however this was not displayed during the physical test.
The Green EEPROM write indicator LED responded as expected during both tests, flashing for 1.5 seconds following a successful log of event. The RED LED power indicator also illuminated as expected. All this meant the objective was met successfully.


[bookmark: _Toc196396776]5.2.6 Objective 6: Enable retrieval of logged data for analysis and feedback

The Proteus simulation was successful in nearly all objectives. However, the software was only coded to record four events (i.e., four ON/OFF changes), which would represent a single day’s data logging. The objective was to monitor over a full week period, making this a limiting factor in the testing procedure. Due to the absence of a data retrieval interface, this final stage remains incomplete. However, it is entirely within reach if the external EEPROM interface is fixed, and a simple serial terminal or SD card is used to extract data from memory.


	Have objectives been met?

	Objective
	Met?

	Design and develop a compact, cost-effective monitoring device using a PIC microcontroller
	Partially

	Detect switching ON & OFF events
	Yes

	Capture GPS time at switching events
	Partially

	Log data to external EEPROM
	Partially

	Providing real-time feedback via LCD and LED indicators
	Yes

	Enable retrieval of logged data for analysis and feedback
	No


[bookmark: _Toc196396873]Table 24 Evaluation of Objectives




Overall, the project has partially achieved its objectives. Proving the concept that streetlight ON and OFF states and switching times can be detected by sensing the change in the current, which is the basis of the LMD. The software that was developed to manage the detection of events was simplistic in its functionality, and was generally easy to operate, however the LMD did prove to encounter some minor glitches during testing. Further software testing and debugging sessions needs to be carried out to establish if they are the result of memory difficulties, coding logic failings, or hardware-related issues such as button debounce.  Despite this, the software glitches did not prevent the demonstration of basic system operation.[bookmark: _Toc196396848]Figure 47 Location of GPS Module on Breadboard

The failure to capture the GPS time in the physical test is a significant cause for concern; nonetheless, it is more likely to be attributed to the testing environment rather than flaws in the design. The Proteus simulation demonstrates that it is possible to handle the GPS data, Figure 47 shows that the hardware is connected to the system correctly, which emphasises that the issue is likely to be pointed towards physical issues and not towards hardware or software faults.

The inability to add external EEPROM logging is not a failure, but merely a wasted opportunity to strengthen the results from testing the device. It does not undermine the project; it only limits the scope for recording multiple ON & OFF events. The PIC microcontroller’s built-in EEPROM proves that the code’s design is correct, as it successfully stores switching data in testing. With a minor software modification, adding a I²C interface, a much larger external memory could be integrated, significantly enhancing the LMD’s data logging and testing capabilities. The hardware is already in place as seen in Figure 45.


The integration of a user-friendly interface that is comprised of buttons and an LCD display means that in terms of interaction and usability the system can browse through menu selections and present appropriate data. 
On both the circuit and schematic levels, all the hardware sub-systems, including the power supply, CT detection, signal conditioning, GPS receiver, LCD interface, EEPROM, and user input, are properly integrated.
 
The results from testing are relatively what was expected of a first working prototype. The CT circuit behaved as expected and with results similar to the simulation results, and the GPS failure to acquire a fix indoors should have been anticipated. The minor software and hardware glitches are also not uncommon in early prototypes, and with further testing these should be debugged.   


[bookmark: _Toc196396777]6. Conclusions and Recommendations

This project started by asking one key question, “does this streetlight comply with PCC’s PN switching policy?”. This needed to be answered due to the number of corporate complaints received by the authority in recent years and the lack of systems on the market in place to verify and answer the problem. The aim therefore was to design and develop a device that could be used across the PCC streetlighting network to log the switching ON and OFF times.

The research and literature review highlighted the advantages both in terms of ecological and economical value of reduced illumination of streetlights via the PN system but also showed that incorrect application of this can cause residents to have numerous concerns. Therefore, the device needed to be both robust and accurate to give precise feedback to members of the public. 

A design specification was drawn up to decide what data was needed to be collected from the LMD, along with the output requirements needed to achieve the design specification. Existing systems were investigated, but no devices were found that were designed specifically for streetlights, and all the existing devices were predominantly designed for indoor use. The types of streetlights currently used within PCC’s streetlighting portfolio was investigated prior to looking at sensor technology for the LMD. The sensor used would need to be compatible with the four main types of lanterns used within the county. 

Possible sensor technology was compared with advantages and disadvantages of each discussed, before settling on Current Transformer technology. This was chosen due to having unintrusive properties as well as the lack of a mobile platform needed to install such sensors. Further research then led to decisions being made on the other components needed to develop the LMD. GPS Module, DC-DC Converter, Voltage Regulators, Operational Amplifiers, LEDs and LCD Display. Memory requirements were heavily researched, where a good understanding of how GPS receivers receive data was needed to calculate the required memory for storing seven days of data. This research also proved highly valuable during the coding procedure and the writing of the software that captured the UTC time from the GPS module. The requirements were relatively small, so a decision was made to use an external EEPROM as non-volatile memory. Microcontrollers were then compared, and the PIC16F887 was chosen as it had all the Input and Output ports required for the design. 

One of the main objectives for the device was that it should be “easily” installed on the existing streetlighting network. This meant that choosing the correct power option for the device was going to be critical. Battery, Solar and Hard-wire options were all looked at, but due to its mobility and unintrusive nature, the battery was decided upon.  The battery power requirement and capacity then needed to be calculated to ensure the device logged data for the full seven-day monitoring period.  Various battery options were researched from D Cell Alkaline to USB Power Banks, but a Lithium Polymer battery solution was decided on as they are lightweight and have lower self-discharge rate. As the majority of LiPo batteries come in 3.7volt packages, it meant that several would be required in a 2 Series, 2 Parallel arrangement. 

The circuit design of the LMD proved to be complex in some areas and straight forward in others. The power rails were straight forward with two voltage regulators stepping down the voltage from 7.4volts to 5volts and then to 3.3volts. A voltage divider was placed near the battery which fed back a battery voltage reading to the Microcontroller, while a Red LED was placed parallel to the 5volt supply to indicate that the device is powered on. A scattering of capacitors was added to smooth out fluctuations. PIC decouplers were added to the Microcontroller as per datasheet, as well as capacitor and resistor to the MCLR pin. The GPS module was connected to the PIC via UART and to the 5volt power rail. The external EEPROM was connected to the PIC via I2C and to the 5volt power rail. The Green LED indicator light that flashed when the switching event was stored to the EEPROM was connected to pin A7 of the Microcontroller, and the buttons to pins A0, A1, A2 & A3 respectively. The LCD Screen was connected to the 3.3volt power rail and to pins D0, D1, D2, D3, D4, D5 & D6. The complex part of the circuitry is the current transformer to the Microcontroller. The CT outputs the secondary current from the transformer and the burden resistor then converts that current into a measurable voltage that is in proportion to the current flowing through the conductor in the primary circuit. That voltage is then amplified through the first Op-Amp before being rectified through the second Op-Amp, before having the signal smoothed out via a low pass filter. A full schematic was designed in the Proteus software as seen in Figure 48. [bookmark: _Toc196396849]Figure 48 Proteus Schematic




The CCS Compiler was then used to write the code. Challenges included understanding which NEMA output string was required from the GPS, which characters to extract, storing the data, and then converting it into integers to be displayed on the LCD Display and storing them on the PIC EEPROM. The software was then uploaded to the Microcontroller via a PICkit 3, using In-Circuit Serial Programming (ICSP) and the MPLAB IPE Software.
[image: ][bookmark: _Toc196396850]Figure 49 Programming the PIC Microcontroller



















These recommendations for further development would mean the LMD has met its objectives in full, and would add more functionality to the design:

· Interfacing external EEPROM via I2C – The hardware is already n place here for external memory storage. Additional time on coding will allow the LMD to capture data and store on the EEPROM
· Extend memory to minimum 28 logged entries – Once the external memory has been interfaced, then 7-day logging can occur. Some software tweaks would be necessary to handle the data once stored. 
· Capturing location data – A small software tweak is recommended here. This would follow a similar code to the retrieval of the UTC time and give further credibility to the results captured.
· Outdoor testing – This will help to validate the GPS design. GPS modules require line-of-sight to satellites which indoor testing can prevent, especially with concrete or metal shielding. These can block or weaken signals.
· PCB design – The next evolution of the design process would be to transfer the breadboard prototype to a compact PCB once the hardware has been debugged.
· Enclosure Design – The LSD enclosure will need to be durable to protect from damage, with a sufficient IP to protect the components from water and dust. Some ventilation will be required for heat dissipation and easy access will be essential. A 3D printed enclosure is proposed, made either from ABS (Acrylonitrile-Butadiene-Styrene) due to its high impact resistance, or PETG (Polyethylene-Terephthalate-Glycol) as it has a strong water and moisture barrier as well as good impact resistance, however this might not be a suitable option due to it being slightly flexible [68]. 
· Develop data retrieval (SD Card or serial interface via USB) – This would give the LMD a boost in functionality in everyday use as exported logs, either in excel or .txt format can easily be graphed to perform time analysis and reporting to members of the public. 
· Real time reading via IoT or Wi-Fi – Adding this functionality would greatly increase the scope for this device. Viewing ON and OFF events from anywhere, as well as triggering email or SMS notifications would easily be achieved. The real advantage of this would be to monitor energy usage and potentially reduce bills by more accurately reporting the amount of time the streetlight is illuminated. 

During the testing and evaluation procedure, it was found that the project did have some shortcomings, and only partially achieved its objectives. There was some small software glitches encountered, but despite these issues it did not prevent the demonstration of basic system operation and functionality. In conclusion the concept and theory behind the design was proved, with minor software tweaks and a little more time a full working model could be produced.    




[bookmark: _Toc196396778]7. Reflection 

Reflecting on my experience of undertaking this project, I can say without hesitation that it has been one of the most demanding, informative, and transformative experience I have ever undertaken. It tested not only my technical knowledge but also my personal resilience, organisation skills, and determination. As one of the largest individual projects I’ve ever carried out, it challenged me on many fronts, and I’ve come away from it with a much better understanding of myself and the profession I am working in.

At the core of this project was a technical challenge; design a system using a PIC Microcontroller to monitor streetlight activity and verify that PCC’s PN switching policy was being correctly implemented. While the concept seemed straightforward, detect current changes at lights turned ON and OFF, capture the timestamp via GPS, store and display the data. Bringing all these elements together in a single functioning system was much more difficult in practice.

However, the technical issues were only part of my story. What made this project particularly difficult was trying to balance it alongside full-time work, family responsibilities, and some minor health issues. Juggling these demands meant I often had to work late into the night and give up weekends. I missed social activities, special family occasions, and valuable downtime to ensure I met the project targets. There were points where fatigue, stress, and frustration nearly got the better of me. And yet, looking back now, those sacrifices were certainly worthwhile. I developed strong time management skills; planning each week carefully, trying to set achievable goals, and then constantly adjusting the plan when things didn’t go as expected. Learning how to keep moving forward, even when time was short, motivation was low or things going wrong, is a lesson I know will serve me well throughout my career at PCC.

The project also helped me to bring together concepts learned in various modules learned along the way. This project would not have been possible without the hard work put in during the previous 5 years not only in the BEng course, but also HND and HNC beforehand. Modules like Electrical and Electronic Principles, Micros Peripherals and Interfaces, Electronic Systems Design and Electronics 2 helped to connect theory to real time application. University lectures often explained concepts as in textbooks, as ideal inputs, clean outputs and perfect conditions. Reality as I found is a little different. I had to deal with noise, environmental circumstances and hardware limits. Learning how to work with these, rather than trying to eliminate them entirely, was one of the most challenging parts of the experience.

Technically, the steepest learning curve was the programming aspect of the project. Having no previous experience in embedded C and the CCS compiler software, I put this aspect of the project off for as long as possible due to fear of failure. My initial approach was to look at the whole program in its entirety, which quickly led to stress and frustration as the code made no sense whatsoever. I soon realised after speaking to the supervisor and other engineers within the industry of the benefits of breaking the code down into the different functions that needed to be achieved and then breaking them down into their smaller structures. This along with writing down on paper what I was trying to achieve (a skill that helped in coding Wallace Tree and Brauns Multipliers earlier in the course) meant it started making sense. This aspect of the project pushed me well beyond my comfort zone and improved my skills to the point where I have advanced my basic programming skills and now look forward to the prospect of continuing this after my academic studies have finished. 

The project taught me a huge amount not only about Electronics but also about myself. It forced me to grow into the role of a problem-solver and, at times, a project manager. Some of the most valuable professional skills I have developed are the ability to create clear, concise and accurate written materials for various purposes, including reports, technical documentation and communication with elected officials. A skill that will serve me well while progressing my career through the authority. Communication also played a big part. Although the work was done independently, I frequently had to explain problems and progress to my supervisor during weekly meetings, listen to feedback, and apply suggestions to improve the outcome. The presentations required as part of the project have also enhanced my speaking skills, and I now find carrying out presentations in meetings with colleagues far less daunting.   

One of the most exciting outcomes of the project was the interest shown recently by a certain professional in the streetlighting industry, with whom I discussed the concept of my design during a meeting after he asked how my degree was coming along. They saw the value in a simple device that could help local councils or contractors verify part-night switching and improve energy efficiency monitoring. This kind of industry validation was incredibly motivating and confirmed that the project has real-world potential beyond the university environment. Knowing that people in the sector are genuinely interested may in the future open the door to future collaboration, which could play a key part in both my career and the long-term evolution of the LMD.

In summary, this project ended up being far more than just a university module. It was an experience that helped me develop as an individual and as professional. I developed a working model of the LMD that while not without flaws, did absolutely demonstrate and prove the concept of my design. I expanded my technical knowledge of Electronics, gained experience and skills in programming and learned problem solving skills. At the same time, managing full-time work, family life, and personal challenges, often at the cost of rest and social time. I will take the lessons I’ve learned from this project into my work as a streetlighting engineer, potentially helping me project manage schemes better, and to develop smarter and more efficient systems of work. And with genuine industry interest in my concept, I’m hopeful that this project isn’t just a degree project, but the beginning of something bigger.
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else
i+
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{

B void test_screen()

1ed_gotoxy(1, 1);
led_putc("\Fest Screen”);

1ed_gotoxy(1,2);
printf(LCO_PUTC, "CT & %u ", ct);
led_gotony(12,2);

led putc("volts\n");

1ed_gotoxy(21,1);

printf(LCO_PUTC, "Bat: %Lu ", batt);
1ed_gotoxy (32,1);

led putc("volts\n");

1ed_gotoxy(21,2);

printf(LCD_PUTC, "Time:%02d", hh);
1ed_gotoxy (28,2);

printf(LCD_PUTC, ":%02d", mm);
1ed_gotoxy (31,2);

printf(LCD_PUTC, ":%02d", s5);
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if (!input(MOVE))

menu_positiont+;
if (menu_position > 2) menu_position = 0;
display_menu();
menu_select=0;
delay_ms(200) ;
while (1(MOVE)) {}

i (1input(SELECT))

test_screen();
menu_select=1;
while (I(SELECT)) {}

f(menu_select==1)
suitch(menu_position){

case 0:
test_screen();
break;

case 1:
data_capture();
break;

case 2:
eeprom_tine();
eeprom_show=1;

break;

i

i

. i (1input(BACK))

display_menu();
meny_select=0;
delay_ms(200) ;

N while (1(BACK)) {}

delay_ms(300)
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if (!input(DELETE))

{
write_eeprom(ex00,
write_eeprom(oxo1,
write_eeprom(ex02,
write_eeprom(0x03,
write_eeprom(ex0s,
write_eeprom(0x0s,
write_eeprom(ex06,
write_eeprom(ex07,
write_eeprom(0xos,
write_eeprom(exe9,
write_eeprom(oxo,
write_eeprom(exoB,
write_eeprom(exec,
write_eeprom(exeD,
write_eeprom(OxoE,
write_eeprom(oxoF,

delay_ns(100);

0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);

while (1(DELETE)) {}

3}
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if

if

if

if

(ct > 10 88 old ct < 10)

event_flag = 1;
enable_Write_eeprom

(ct < 10 8 old_ct > 10)

event_flag = 0;
enable_Write_eeprom

(enable_lirite_eeprom==1 )

enable_lirite_eeprom=0;
(change_eeprom_pos>4a)

change_eeprom_pos=0;
old ct = ct;

write_eeprom(change_eeprom_pos®a, hh);
write_eeprom(change_eeprom_pos®a+1, mm);
write_eeprom(change_eeprom_pos®a+2, 55);
write_eeprom(change_eeprom_pos®a+3, event_flag);
change_eeprom_pos++;

output_high(GLED) ;
delay_ns(1500) ;
output_low(GLED) ;
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CABINET

Report of: Director of Transportation and Environment

Date: 6 October 2008

STREET LIGHTING PROVISION
Background

On 4 February 2008, Cabinet considered a report by the Director of Transportation
and Environment arising out of a Notice of Motion submitted by Councillor J A
Brinsden and referred to Cabinet by Council; such notice being in the following
terms:-

That the current criteria relied upon by Pembrokeshire County Council
for the installation of street lighting be modified in respect of rural areas
S0 as to allow these areas to compete on a more even basis with urban
areas. The current criteria is skewed against rural areas.

Cabinet noted from the report that in assessing the need for the provision of new
street lighting, it is desirable to adopt and operate a clear and auditable system and
that the current criteria are:-

Number of recorded night time personal injury accidents
High vehicular traffic or pedestrian use

Levels of night time crime

Number of residents of properties fronting the road or street.

N

Cabinet was informed that these criteria are evaluated irrespective of the rural or
urban nature of an area and the decision of Cabinet was that Council be advised not
to adopt the Notice of Motion, and that the method of assessing the need for the
provision of new street lighting be maintained.

Council considered a report of Cabinet to this effect on 21 February 2008, and
agreed to accept the recommendation of Cabinet and it was resolved that the Notice
of Motion be not adopted, and that the current method of assessing the need for the
provision of new street lighting be maintained; but that the whole topic of street
lighting provision be referred to the Environment Overview and Scrutiny Committee
for consideration of all relevant associated issues. This report addresses the
deliberation at Environment Overview and Scrutiny Committee on 11 September
2008.
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Environment, Overview and Scrutiny Committee Deliberation,
11 September 2008

At its meeting on 11.9.08, the Environment Overview and Scrutiny Committee
considered the legislative requirements for street lighting provision, design standards,
current practice and environmental impacts including options for reducing energy
consumption.

The Committee was advised that in 2007/8 the total consumption of the highway
electrical installations was 4,214 MWh, (1223 tonnes CO2) of which 4,096 MWh
(1188 tonnes CO2) was street lighting and the remaining 118 MWh (35 tonnes CO2)
was traffic signals and illuminated signs. Street lighting energy consumption is un-
metered but there is an agreement in place to calculate the amount of electricity used
based on the number and type of lanterns. A copy of our street lighting inventory is
forwarded to the electricity supplier at the beginning of every month, and this is used
to generate our monthly energy bill. The approximate total energy consumption per
annum (MWh) is calculated by multiplying the total wattage of the street lighting stock
by the total time of illumination.

The Committee considered several options that could be considered in order to
reduce energy consumption:-

(a) Reduce burning hours of streetlights by replacing photocells with programmable
cells incorporating pre-set on/off times. The reduction in costs will be dependent
on the number of burning hours saved. It is not considered desirable to extinguish
lighting in town centres, and it is considered inadvisable to switch off lighting that
has been installed in connection with safety schemes. However, it would be
practical to consider that the remaining lighting could be extinguished at 00:00
(midnight) and re-lit at 05:30. It is estimated that this practice would extend to
approximately 95% of the street lighting infrastructure and could result in an
annual saving of 2000 hours or an overall reduction of 1,860 MWh (£198,200; 539
tonnes CO2). However, it will cost approximately £12.00 per unit to replace each
of the County’s 14,326 photo cells (£172,000). The potential net saving per unit is
therefore £13.83 in subsequent years after the year of installation.

If this practice is adopted, it will be necessary to stipulate that new lighting on
housing estate roads subject to Section 38 agreements must be provided with
programmable photocells as well as complying with the Code of Practice and
standards.

(b) Re-programme or replace pre-programmed time switches. Currently 1,089 lamps
are controlled via approximately 150 time switches. To reduce the number of
burning hours in line with (a) would save 142MWh (£15,115 pa; 41 tonnes CO2)
but would cost £14,500 to implement. Net saving per unit would be £13.88 in
subsequent years after the year of installation. Again, town centre lighting and
safety schemes would not be extinguished.

(c) Phased decommissioning and removal of lighting that does not comply with
current Code of Practice and/ or local policy. At present there are a small number
of street lighting installations (mainly in rural areas) within the county that do not
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comply with current installation criteria. It is estimated that potential energy
savings of approximately £13,000 per annum could be achieved by extinguishing
such lights, although there will be additional costs in future years associated with
the subsequent removal. The relatively low savings do not justify extinguishing
these lights immediately, although they should be decommissioned at such time
as they have exceeded reasonable service and when maintenance costs become
significant. These lights, by the nature of their location, serve isolated properties
and offer very little benefit to the public in general.

The costs and benefits are summarised in the table below for ease of reference and
comparison.

Proposal / Year Net Costs Running Total co2
Reduction

Year 1 —2009/10

Costs:

« Install programmable photocells to enable lighting | +£172,000
to be extinguished -14,326 photo cells @ £12.00
per unit +£14,500 41 tonnes

«  Re-programme / replace pre-programmed switches
- 150n0.

Savings:

«  Assume savings from programmable photocells & | £ Nil
replaced switches not fully realised in Year 1, due
to time needed to make amendments

+£186,500 +£186,500
Year 22010711
Costs: Nil
Savings:
«  Programmable photocells to enable lighting to be | - £ 198,200 539 tonnes
extinguished
«  Re-programmed / replaced pre-programmed | - £ 15,115
switches.
-£213315 -£26,815
Future Years beyond 2 Year programme
Potential annual savings (compared to base year). -£213315p.a - 580 tonnes

The Environment Overview and Scrutiny Committee concluded that in responding to
the resolution of Council on 21 February 2008, and to respond to the need to reduce
carbon emissions and escalating energy costs, a practical way forward would be to:-

(i) Install programmable photocells to enable lighting to be extinguished between
midnight and 05:30 hours at an estimated capital cost of £172,000.

(ii) re-programme or replace pre-programmable time switches to allow lighting to
be extinguished between midnight and 05:30 hrs at an estimated capital cost
of £14,500.

(i)  decommission installations which do not comply with current standards when
they have exceeded their life expectancy.

It is estimated that implementing (i) and (i) will ultimately reduce the Council's
metered electricity use by approximately 2,000 MWh. This will reduce CO2
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emissions by approximately 580 tonnes. It is estimated it will take 2 years to achieve
a net reduction in total energy cost, but in subsequent years a net annual saving of
£213,315 is anticipated (based on today’s prices). However, it is noted that further
work is needed to calculate more accurately the saving on (iii).

It should be borne in mind that street lighting is provided to improve road safety; to
discourage crime and vandalism; to make residents feel secure; to assist in the
protection of property; to reduce the risk of night-time road traffic accidents and to
enhance the appearance of the area after dark. It is therefore noted that a decision to
extinguish lighting may raise some concerns over the impacts on these areas.
However, the measures recommended in this report are not considered to have a
seriously detrimental impact on these objectives, although there will need to be
appropriate monitoring and evaluation.

Members of the Environment Overview and Scrutiny Committee unanimously agreed
that Cabinet be advised to consider approving the measures proposed and
discussed.

RECOMMENDATION

It is recommended that Cabinet approves the measures proposed by the
Environment Overview and Scrutiny Committee as detailed in this report.

REASON FOR RECOMMENDATION:

To respond to the resolution of Council on 21February 2008.

Background documents:  Report to Cabinet 4 February 2008 by Director of
Transportation & Environment

Report to Council 21 February 2008 by Cabinet.

Report to Environment Overview and Scrutiny
Committee, 11.9.08
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Enquiry

Reference:
Opened:

Owned by:

Examples of received Streetlighting complaints

E3058589

19 December 2023 @ 12:41

Original enquiry

DIVISION: ENVIRONMENTAL SERVICES - SERVICE: STREET LIGHTING -
MAINTENANCE - CATEGORY: N/A - Customer called to say that the street light

Betall outside her property 903-73 goes on and off at different times and is not
consistent. can this please be looked at. Thank you.

Taken: 19 December 2023 @ 12:41 by |

Persons . 5

contacted:

Enquiry

Reference: E3065135

Opened: 08 January 2024 @ 15:37

Owned by: _

Original enquiry

Detail:

Taken:

Persons
contacted:

DIVISION: ENVIRONMENTAL SERVICES - SERVICE: STREET LIGHTING -
MAINTENANCE - CATEGORY: N/A - Customer called to report the street lights
122-98 and 903-833 switch off just before midnight leaving the area very dark.
He informed the area where the street lights are located is used by
pedestrians as a short cut, especially in the evenings.

The other street lights in the area stay on all night, and customer asked if the 2
lamps mentioned above, lighting up time could be extended.

Thank you

08 January 2024 @ 15:37 by | NI

. .
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Enquiry

Reference:
Opened:

Owned by:

E3128299

07 May 2024 @ 13:10

Original enquiry

DIVISION: ENVIRONMENTAL SERVICES - SERVICE: STREET LIGHTING -
MAINTENANCE - CATEGORY: N/A - Mrs Moody has called as the only
streetlight in her cul-de-sac is not working, it is switching on and off at unusual

Detail: H
times.
801-883. She states it is very temperamental.
Thank you
Taken: 07 May 2024 @ 13:10 by | N NEEEEE
Persons . 5
streetlight@pembrokeshire.gov.uk
contacted:
Enquiry
Reference: E3193980
Opened: 01 October 2024 @ 09:11
owneaby: I

Original enquiry

Detail:

Taken:

Persons
contacted:

DIVISION: ENVIRONMENTAL SERVICES - SERVICE: STREET LIGHTING -
MAINTENANCE - CATEGORY: N/A - Streetlight outside 4-5 Augustus Place,
Tenby is not coming on at the same time as all the other streetlights in the
area.

They think the timer may be out of sink.
Please could someone attend to check the timer. Thank you.

903-1661

01 october 2024 @ 09:11 by | I

streetlight@pembrokeshire.gov.uk
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Enquiry

Reference:
Opened:

Owned by:

E3196109

04 October 2024 @ 11:39

Original enquiry

DIVISION: ENVIRONMENTAL SERVICES - SERVICE: STREET LIGHTING -
MAINTENANCE - CATEGORY: N/A - Customer has been in touch to report that
the 2 street lights near his home don"t seem to be coming on in the evenings

Detail: ) N a 5
etal at the same time as the rest of the estate. He Looking at the map he is referring

to 401-39 and 401-38. Please could someone attend as soon as possible.
Thanks.

Taken: 04 October 2024 @ 11:39 by | NN

Persons . 5
streetlight@pembrokeshire.gov.uk

contacted:

Enquiry

Reference: E3244128

Opened: 23 January 2025 @ 10:38

owneaby: I

Original enquiry

Detail:

Taken:

Persons
contacted:

DIVISION: ENVIRONMENTAL SERVICES - SERVICE: STREET LIGHTING -
MAINTENANCE - CATEGORY: N/A - Customer has called in to advise that she
thinks the street lights in West Lane Close, Keeston —401-6718 are not set to
the right times, she said they do not go off until 08:00 but she said that they are
on all night. Please could this be looked into. Customer can be contacted on
07890561895 if needed. Thank you.

23 January 2025 @ 10:38 by | NN

streetlight@pembrokeshire.gov.uk





image117.png
@ performance networks

Street lighting

2023-24, Issue 1

Performance at a glance





image118.png
Street lighting performance at a glance

-L4 8127

These pages show your authority's performance for each performance indicator against the 2023/24 average performance

Pembrokeshire County Coun

of your family group. Whether your result has improved or not from 2022/23 s also shown. Icons are used to display

this information and the idea of this report is that authorities can see 'at a glance' where improvements may need to be
made. Where the box s blank, this indicates that ther
there were less than three participants in this PI, meaning we are unable to produce a meaningful average score. The key

no authority score available for this performance indicator or that

to the icons are displayed below each table.

safety performance indicators

2023/24 2022/2327

Percentage of columns with a valid structural test certificate

Percentage of street lights with a valid electrical test certificate

Condition / asset preservation performance indicators

Routine faults s a percentage of street lighting stock

>

Asset information performance indicators

Percentage of light sources (non-obsolete and obsolete) that are LED

Percentage of light sources (non-obsolete and obsolete) that are obsolete.

Percentage of total columns which are concrete

Percentage of total columns which are ungalvanized steel

P UDPD

Percentage of street lighting columns which are 40 and above years old

Customer service performance indicators

Percentage of lamps restored to working condition within 7 days

Percentage of lamps restored to working condition within target time

Percentage of lamps restored to working condition within 21 days

Average time to restore lamps to working order

Average time to repair lamps (authority only)

Average time to repair lamps (electricity supplier)

Percentage of faults repaired by regional electricity supplier within SLA/agreed timescale

Public telephone calls/contacts as a percentage of faults

IR IR IRIRIRIR IR

Public telephone calls/contacts as a percentage of street lights

ancial performance indicators

Average cost per routine fault repair

Revenue allocation per street light excluding electricity costs

Capital allocation per street light - replacement

4r 44

Total investment per street light (providing and maintaining street lighting)

00 ¢ ¢ 00O G000 | 00
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Total investment per street light excluding CEC (providing and maintaining street ligt . v
Total investment per street light excluding bulk/capital replacement (providing and ‘ v
maintaining street lighting)
Total investment per street light excluding bulk/capital replacement and CEC (providing and ‘ v
)
Total investment in infrastructure per street light (using capital and revenue spend) ‘ v
Energy cost per street lamp only . v
Energy cost per street lamp and illuminated sign . v
Environmental performance indicators
Percentage of street lamps which had a CMS and/or registered dimming regime ‘ PN
Percentage of street lamps that are part night lighting . PN

@ Performance for 2023/24 i better than the family group average
/. Performance for 2023/24 is within 25% of the family group average

@ Performance for 2023/24 is not as good as the family group average range above

A performance for 2023/24 has improved from the 2022/23 result
% Performance for 2023/24 is within 5% of the 2022/23 result

W Performance for 2023/24 has deteriorated from the 2022/23 result

A Please note that the cost performance may be affected by inflation and this should be taken into account
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CTA w
v

Split core current transformer

> Benefits

- Adaptability and flexibility. Effective for a wide range of
currents, it can be installed in existent applications

- Fast installation. The opening/closing mechanism
makes installation fast even in existent applications. The
analyzer only requires two cables to be connected per
sensor.

Split core current transformer with compact
dimensions, suitable for retrofit applications when
used in combination with any energy meter with 5
A currents inputs.

It manages primary current from 100 A to 600 A
(depends on the model).

> Applications

CTAis the ideal solution for quick and easy installation without disconnecting cables during installation.
It is indicated for any application (residential, commercial and industrial), especially for retrofitting where
installing a solid core current transformer is not possible.

> Main features

+ 5Asecondary current
+ 24 mm hole diameter for primary current up to 300 A
+ 36 mm hole diameter for primary current up to 600 A

03/06/2024 CTADS ENG Carlo Gavazzi Controls SpA. 1
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CTA

Features

> General

CARLO GAVAZZI

Material

PA66

Protection degree

1P20

ULRIC cable, 16AWG (1,3mm?)

Secondary output Length: see Electrical specifications
Mounting Cable

- CTASX: 165
Weight (g) CTA6X: 275

Cable diameter

CTA5X: 24 mm
CTA 6X: 36 mm

525+-05
452+/-05

239+/-05

SR

\U//

oN

652+-05

B

Fig. 1

34.0+-05
22.0+-05

500 +/-0.5
10

CTA 5X

Note: see Electrical specifications

> Environmental specifications

57.5 +/-0.5 38.5+/-0.5
35.7 +/- 0.5 22_.0;_» 5
¥ | h |
E
3
[ n
1000 +/- 0.5
10 +/-1
" [0t
Fig. 2 CTA6X

Operating temperature

-20° to +65°C (-4 to 149 F°)

CTABX 600A: -20° to +50°C (-4 to 122 F°)

Storage temperature

-25° to +80°C (-13t0 176 F°)

UL note: insulation class:

> Conformity

A (105), 55 °C rise type at 30°C ambient

Approvals

)\

Standards

EN 61869-2

03/06/2024 CTADS ENG

Carlo Gavazzi Controls SpA. 2
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CTA

> Electrical specifications

CARLO GAVAZZI

Rated secondary current 5A
Frequency 50/60 Hz
Rated system voltage 600 V ac

Rated insulation level

0.72 kV ac, dielectric strength 3 kV ac for 1min

Insulation class

Thermal class B (IEC 60085)

Short time current rating

ith 12xIn

Idyn 25xth

Model Primary current (Qf:;‘;;;y_z) Cable lenght Burden*®
100A Class 3 05m 1VA
150A Class 3 05m 1VA

CTASX 200A Class 3 2m 1VA
250A Class 1 1im 1VA
300A Class 1 05m 25VA
200A Class 3 im 1VA
300A Class 1 im 25VA

CTAGX 400A Class 1 im 5VA
500A Class 1 im 75VA
600A Class 1 im 10VA

*Note: cable included

Connection Diagrams

K L n
Kl L Ki L K L u
=7
—a—<

%@ O] [k® ot [F® or

03/06/2024 CTADS ENG

Ay

Carlo Gavazzi Controls SpA. 3
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CTA

CARLO GAVAZZI

References

Enter the code, replacing the symbol [] with the selected option (e.g.: CTA 5X 100A 5A).

Code Options

Description

5X 100 A
5X 150 A
5X 200 A
5X 250 A
5X 300 A
6X 200 A
6X 300 A
6X 400 A
6X 500 A
6X 600 A

- Secondary current

Model and primary current

> Further reading
Information Document Where to find it
Instruction manual Instruction manual - CTA_X www gavazziautomation.com

> CARLO GAVAZZI compatible components

Purpose Component name/code key NOTES
EM24, EM210, EM330, ET330,
cirte WM15, WM20, WM30, WM40, -

WM50

Measure and display consumption of connected

Byt

COPYRYGHT ©2024
Content subject to change. Download the PDF: www.gavazziautomation.com

03/06/2024 CTADS ENG Carlo Gavazzi Controls SpA. 4
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REQUIREMENTS

Define the problem. Identify scope of problem
and develop plan/strategy to solve the problem.

ANALYSIS

Investigate problem to define requirements
necessary for solving it. Define “what”.

DESIGN

Design a solution based upon the
requirements. Define “how”.

CODE

Implement (program) the design.

TEST

Test the program to ensure the
requirements have been satisfied.

MAINTENANCE

Fix or improve applications
based upon use or changes in the
environment.
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We carry a few different GPS modules here in the Adafruit shop, but none that
satisfied our every desire - that's why we designed this little GPS breakout board. We
believe this is the Ultimate GPS module, so we named it that. It's got everything you
want and more:

« -165 dBm sensitivity, 10 Hz updates, 66 channels

« 5V friendly design and only 20mA current draw

« Breadboard friendly + two mounting holes

« RTC battery-compatible

« Built-in datalogging

« PPS output on fix

« Internal patch antenna + u.FL connector for external active antenna
« Fix status LED

The breakout is built around the MTK3339 chipset, a no-nonsense, high-quality GPS
module that can track up to 22 satellites on 66 channels, has an excellent high-
sensitivity receiver (-165 dB tracking!), and a built in antenna. It can do up to 10
location updates a second for high speed, high sensitivity logging or tracking. Power
usage is incredibly low, only 20 mA during navigation.

©Adafruit Industries Page 5 of 49




image126.png
Ultimate GPS Breakout Board

The Breadboard Breakout board comes with: a ultra-low dropout 3.3V regulator so
you can power it with 3.3-5VDC in, 5V level safe inputs, ENABLE pin so you can turn
off the module using any microcontroller pin or switch, a footprint for optional CR1220
coin cell to keep the RTC running and allow warm starts and a tiny bright red LED. The
LED blinks at about 1Hz while it's searching for satellites and blinks once every 15
seconds when a fix is found to conserve power. If you want to have an LED on all the
time, we also provide the FIX signal out on a pin so you can put an external LED on.

Ultimate GPS USB Board

The USB Breakout board comes with: 4-pin USB breakout for direct-soldering or
connection to a USB host, two yellow receive/transmit LEDs let you know when data
is being transmitted to or from the GPS module serial interface, a footprint for optional
CR1220 coin cell to keep the RTC running and allow warm starts and a tiny bright red
LED. The LED blinks at about 1Hz while it's searching for satellites and blinks once
every 15 seconds when a fix is found to conserve power. If you want to have an LED
on all the time, we also provide the FIX signal out on a pin so you can put an external
LED on.
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Module: PASH

As of March 11, 2022 - we have given this board a makeover! It now comes
with a modern USB C connector on the board (instead of micro USB), and a
CP2102N instead of CP2104 (functionally-compatible but newer)

PA1616D

0022870
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Antenna Usage

Two features that really stand out about version 3 MTK3339-based module is the
external antenna functionality and the the built in data-logging capability. The module
has a standard ceramic patch antenna that gives it -165 dB sensitivity, but when you
want to have a bigger antenna, you can snap on any 3V active GPS antenna via the
uFL connector. The module will automatically detect the active antenna and switch
over! Most GPS antennas use SMA connectors so you may want to pick up one of our
uFL to SMA adapters. (http://adafru.it/851)

The other cool feature of the new MTK3339-based module (which we have tested
with great success) is the built in datalogging ability. Since there is a microcontroller
inside the module, with some empty FLASH memory, the newest firmware now allows
sending commands to do internal logging to that FLASH. The only thing is that you do
need to have a microcontroller send the "Start Logging" command. However, after
that message is sent, the microcontroller can go to sleep and does not need to wake
up to talk to the GPS anymore to reduce power consumption. The time, date,
longitude, latitude, and height is logged every 15 seconds and only when there is a
fix. The internal FLASH can store about 16 hours of data, it will automatically append
data so you don't have to worry about accidentally losing data if power is lost. It is not
possible to change what is logged and how often, as its hardcoded into the module
but we found that this arrangement covers many of the most common GPS
datalogging requirements.
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Pick one up today at the Adafruit shop! (http://adafru.it/
746)

Specifications:

Module specs:

- Satellites: 22 tracking, 66 searching

- Patch Antenna Size: 15mm x 15mm x 4mm

« Update rate: 1to 10 Hz

« Position Accuracy: 1.8 meters

« Velocity Accuracy: 0.1 meters/s

« Warm/cold start: 34 seconds

« Acquisition sensitivity: -145 dBm

« Tracking sensitivity: -165 dBm

« Maximum Velocity: 515m/s

« Vin range: 3.0-5.5VDC

« MTK3339 Operating current: 25mA tracking, 20 mA current draw during
navigation

« Output: NMEA 0183, 9600 baud default

+« DGPS/WAAS/EGNOS supported

« FCC E911 compliance and AGPS support (Offline mode : EPO valid up to 14 days
)

« Up to 210 PRN channels

- Jammer detection and reduction

« Multi-path detection and compensation

Breakout board details:

« Weight (not including coin cell or holder): 8.5g
« Dimensions (not including coin cell or holder): 25.5mm x 35mm x 6.5mm / 1.0" x
1.35" x 0.25"

If you purchased a module before March 26th, 2012 and it says MTK3329 on the
silkscreen, you have the PA6B version of this breakout with the MT3329 chipset. The
MTK3329 does not have built in datalogging. If your module has sharpie marker
crossing out the MTK3329 text or there is no text, you have a PA6C MTK3339 with
datalogging ability. If you have the version with "v3" next to the name, you have the
PAGH which has PPS output and external-antenna support

This tutorial assumes you have a '3339 type module.
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Pinouts
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The plain GPS breakout is meant to be
used with a microcontroller that has a 3/5V
UART and has all the GPIO pins exposed
on the bottom 0.1" header

The USB version doesn't have those GPIO
pins broken out. Instead it has a single
USB serial port. There's 4 pads to the right
side that are the USB pinouts for when you
want to solder it directly to a USB host
controller.
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Breakout Power Pins

These are the pins that are involved with powering the GPS. Starting from the right
are the required power pins:

« VIN - power input, connect to 3-5VDC. It's important to connect to a clean and
quiet power supply. GPS's are very sensitive, so you want a nice and quiet
power supply. Don't connect to a switching supply if you can avoid it, an LDO
will be less noisy!

« GND - power and signal ground. Connect to your power supply and
microcontroller ground.

Then, on the left are some optional power pins:

« VBAT is an input pin - it is connected to the GPS real time clock battery backup.
We suggest using the battery spot on the back but if you have a project with a
coin cell or other kind of battery that you want to use (and its under 3.3V) you
can connect it to the VBAT pin. For V1 and V2 modules: If you do this, be sure to
cut the trace on the back between the RTC solder pads

« EN is the Enable pin, it is pulled high with a 10K resistor. When this pin is pulled
to ground, it will turn off the GPS module. This can be handy for very low power
projects where you want to easily turn the module off for long periods. You will
lose your fix if you disable the GPS and it will also take a long time to get fix
back if you dont have the backup battery installed.

« 3.3V is the output from the onboard 3.3V regulator. If you have a need for a
clean 3.3V output, you can use this! It can provide at least 100mA output.

©Adafruit Industries Page 11 of 49




image132.png
Breakout Serial Data Pins

Next pins you'll want to use are the serial data pins:

« TX - the pin that transmits data from the GPS module to your microcontroller or
computer. It is 3.3V logic level. Data comes out at 9600 baud by default

« RX - the pin that you can use to send data to the GPS. You can use use 3.3V or
5V logic, there is a logic level shifter. By default it expects 9600 baud data, and
remember you need to send it checksum'med NMEA sentences

Breakout Other Pins

©
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FIX is an output pin - it is the same pin as the one that drives the red LED. When there
is no fix, the FIX pin is going to pulse up and down once every second. When there is
a fix, the pin is low (OV) for most of the time, once every 15 seconds it will pulse high
for 200 milliseconds

PPS is a new pin output on V3 modules. Its a "pulse per second" output. Most of the
time it is at logic low (ground) and then it pulses high (3.3V) once a second, for
50-100ms, so it should be easy for a microcontroller to sync up to it

Battery Backup

The GPS has a built in real time clock, which can keep track of time even when it
power is lost and it doesn't have a fix yet. It can also help reduce fix times, if you
expect to have a flakey power connection (say you're using solar or similar). To use
the RTC, we need to attach a battery. There is a spot on the back for a CR1220 sized
battery holder. We provide the holder but the battery is not included. You can use any
12mm coin cell - these are popular and we also carry them in the Adafruit shop.

Normally, if the GPS loses power, it will revert to the factory default for baud rates,
configuration, etc. A backup battery will mean that those defaults will not be lost!

The backup real-time-clock circuitry draws 7 uA (0.007 mA) so a CR1220 will last
40mAh / 0.007mA = 5,714 hours = 240 days continuously. The backup battery is only
used when there's no main 3V power to the GPS, so as long as it's only used as
backup once in a while, it will last years
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REQUIREMENTS

Define the problem. Identify scope of problem
and develop plan/strategy to solve the problem.
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Investigate problem to define requirements
necessary for solving it. Define “what”.

DESIGN

Design a solution based upon the
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Implement (program) the design.
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Test the program to ensure the
requirements have been satisfied.
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If you have a v1 or v2 module ONLY:

Before inserting a battery into the battery holder, first cut the trace between the two
solder pads on the back, labeled RTC (this disconnects the VIN pin from the battery

input) Use a multimeter with continuity checking to verify the two pads are no longer
tied together.

V3 modules do not have a trace to cut, they have a built-in diode!
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Remember, the GPS does not know what time zone you are in (even though it knows
your location, there is no easy way to determine time zone without a massive lookup
table) so all date/time data is in UTC (aka. Greenwich Mean Time) - You will have to
write the code that converts that to your local time zone and account for Daylight
Savings if required! Since that's pretty complicated, most people just stick to keeping
everything in UTC

External Antenna

New in version 3 of the Ultimate GPS breakout, we now

have support for optional external antennas!
This is not available in v1 or v2 so if you do not see the uFL connector, you have an

older version of the module which cannot support antennas
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asilady’ Chang Hong Information Co., Ltd.
GPS ACTIVE 28dB MAGNETIC ANTENNA+RG174(5M)+SMA PLUG

R6HS

Ceramic Path Specification:

Operating Frequency T1 1575.4241.023 MHz

Output Impedance 50 ohms

Polarization RHCP.

Bandwidth 10 MHz min. @S11<=-10 dB

Gain at 10 elevation -1 dBic Typ.

Axial Ratio 3.0 dB Typ.

LNA/Filter Specification:

Operating Frequency T1 1575.4241.023 MHz

Gain 28 dB

Noise Figure 1.5dB

Filter DR Filter
20dB 30dB min @ fox50MHz
30dB 35dB min @ fox50MHz
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*f0=1575.42 MHz

Output VSWR 2.0 Max
Voltage 2.3~5.5V
Current 2.5V : 6.6mA Typical

3V : 8.6mA Typical

4V : 12.6mA Typical

5V : 16.6mA Typical

General specification:

Dimensions L 41.2xW38.5xH13.3 mm
Mount Magnetic Antenna

Antenna Color Black

Coaxial Cable RG174 Length=5M (Option)
Cable Connector SMA MALE (Option)
Operating Temperature  [-30°C to +85°C

Storage Temperature -40°C 10 +90°C
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RECOM

DC/DC Converter

[Deseription ] 8 Watt

Very high power density, 2:1 or 3:1 input voltage range and a wide operating temperature range
-40°C to +71°C and extra features such as On/Off control are just some of the characteristics of this SI P8

converter which is ideal for highly sophisticated industrial designs. The RS3 is available with 2KV or 3kV .

isolation options (1kVDC is standard). SI ng Ie and Dua I

Output

Part nom. Input Output Output Efficiency  max. Capacitive
Number Voltage Voltage Current typ. Load ™
[voc] [voc] [mA] [%] [vF]
RS3-%13.35 1‘;;532' ;’;;’2 33 600 ;5;2 4700
RS3-X055 1‘;;53'2' ;’;;’2 5 600 gg:;? 4700
RS3-x09S 1‘;;53'2' ;’;;’2 9 333 g:gg 3300
RS3-xx125 1‘;532 ;’6‘?2 12 250 8%?‘ 2200
RS3-xx155 1‘;532 ;’6132 15 200 8%?‘ 2200
RS3-03.3D 1‘;533 ;’6132 +33 +300 73757 ° £2200 N
FS3 0050 I 2276 ﬂm
759,9-18 7781
RS3-09D | f 53(; 36122 =9 =167 . ;”a . £2200 UL60950-1 certfied -
RS3-0012D 1695, 36.72 +12 £125 oS +1000 &Ac%ﬁ?og;&ﬁogﬂg ;1)7 certified
RS3-xx15D 1‘&1’3‘ 5;32 +15 +100 7%';” +1000 CB Report
RS3-13.35Z ;6270 33 600 ;i 4700
RS300552 - 5 w00 4700 PREFERRED ALTERNATIVES
p— 2902670 5 - ;; o For new medical application:
RS3-x125Z ;02670 12 250 gg 2200
RS3-xx155Z 2%2670 15 200 gg 2200
RS3-03.3DZ 2%2670 +33 +300 ;i £2200
RS3-050Z 2%2570 5 +300 ;g £2200
RS3-x09DZ 2%2570 9 =167 ;g £2200
RS3-xx12DZ 2%2570 +12 +125 gg +1000
RS3-xx150Z 2%?67(] +15 +100 gg +1000
Notes:

Note1: Maximum capacitive load is defined as the capacitive load that will allow start up in under 1
second without damage on the converter

'Www.recom-power.com REV.: 4/2024 ECO-1
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RECOM RS3-S(D)(2)

DC/DC Converter Series
RS3-_ __ _/
nom. Input Voltage - Isolation @
Output Voltage 2:10r 3:1 Input @
Single or Dual

Notes:
Note2: add ,Z" for 3:1 Input Voltage (24= 9-27VDC or 48= 20-60VDC)
Note3: add suffix ,/H2" for 2kVDC isolation or ,,/H3* for 3kVDC isolation, without suffix = standard 1kVDC isolation

Ordering Examples:

RS3-053. 459Vin  33Vout Single  2:1 InputVoltage 1KVDC Isolation
RS3-1212DH2  9-18Vin  +12Vout  Dual 2:1 Input Voltage 2kVDC Isolation
RS3-2415DH3  9-27Vin  +15Vout  Dual 3:1 Input Voltage 3KVDC Isolation

BASIC CHARACTERISTICS
Parameter Condition Min. Typ. Max.
5VDC 4.5VDC 9vDC
12vbc 9vDC 18vDC
21 Input nom-Vin= 5 1voc 18VDC 3610C
nput Voltage Range 48V0C 36V0C 72100
24VDC 9vDC 27VDC
3:1 Input nom. Vin= 48VDC 200C s0VDC
5VDC 35mA
. - 12UDC 26mA
Quiescent Current nom. Vin= 24vDC 20mA
48VDC 10mA
Minimum Load # 10%
DC-DC ON open or high impedance
ON/OFF CTRL DC-DC OFF external Vo = 5-12VDC + 1N4148 and 68Q resistor
Internal Operating Frequency 20% to 100% full load 200KHzZ
Output Ripple and Noise 20MHz BW 50mVp-p
Notes:

Note4: Operation below 10% load won't harm the converter, but specifications may not be met

Efficiency vs. Load

RS3-05058 R$3-4805D
100 100
%0 %0
80 80
70 70 ]
g g /
= 60 = 60
g g
5 50 5 50
] ]
g« E w /
20 / 20 /
20 20
10 / 10 /
0 0
0 10 20 30 40 5 60 70 8 9 100 0 10 20 30 40 5 60 70 8 9 100
Output Load [%] Output Load [%]
continued on next page
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RECOM RS3-S(D)(2)

DC/DC Converter Series
ON/OFF CTRL
+V, s 4V
Vome s s DC-DC ON: Open or high impedance
o P y
DC-DC OFF: Ver = 5-12VDC + 1N4148 and 680 resistor
. b = Vo
s Vo
leﬂ DC-DCON
0 DC-DC OFF
Vot
REGULATIONS
Parameter Condition Value
Output Accuracy +2.0% typ.
Line Regulation low line to high line, full load +0.5% max.
Load Regulation 20% to 100% load 0.5% typ.
PROTECTIONS
Parameter Type Value
Short Circuit Protection (SCP) below 100mQ continuous, auto recovery
p tested for 1 second 1kvDC
standard without suffx rated for 1 minute 500VAC/60Hz
tested for 1 second 2kVDC
y 5 .
Isolation Voltage /H2 version rated for 1 minute 1KVAC/B0H?
M3 version tested for 1 second 3kvDC
rated for 1 minute 1.5KVAC/B0HZ
Isolation Resistance 1GQ min.
5 y standard version without suffix 200pF max.
Isolaton Capacitance /M2 and /H3 version 30pF max.
Insulation Grade according to 60950-1 basic
Protection Circuit .
W, = Ve o
, = Vs
Notes:
Note5: For repeat Hi-Pot testing, reduce the time and/or the test voltage
Note6: To protect the converter under all fault conditions, an input fuse is required. Quick-fuses should be rated at 2x-3x the
nominal input current, time -delay fuses at 1.5x the nominal input current

'Www.recom-power.com REV.: 4/2024 ECO-3
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RECOM RS3-S(D)(2)

DC/DC Converter Series
ENVIRONMENTAL
Parameter Condition Value
Operating Temperature Range full load @ free air convection, refer to ,,Derating Graph“ -40°Cto +71°C
Operating Attitude according to 60950-1 5000m
Operating Humidity non-condensing 95% RH max.
Pollution Degree PD2
. +25°C 3303 x 10° hours
MTBF according to MIL-HDBK-217F, G.B. 71°C 745 X 10° hours
Derating Graph
(@ Chamber and free air convection)
100
%0 "
1\
20 E \
= 70 i
E] 60 ‘
= 50 ;
! |
5 40 :
S 1
20 ‘
20 :
10 ‘
o I
-40-30-20-10 0 10 20 30 40 50 60 79 80 90 100110
il
Ambient Temperature [°C]
SAFETY AND CERTIFICATIONS
Certificate Type (Safety) Report / File Number Standard
Information Technology Equipment, General Requirements for Safety (LVD) SPCLVD1605077-10 ECG0950-1, 2nd Edition, AM2: 2013

ENB0950-1, 2nd Edition, A2:2013
Information Technology Equipment, General Requirements for Safety (CB) 10339L49-CB-1-B1 IEC60950-1:2005, 2nd Edition + A2:2013
UL60950-1, 2nd Edition, 2014

Information Technology Equipment, General Requirements for Safety E224736-A33-UL CAN/CSA C22.2 No. 60950-1-07
Medical Electric Equipment, General Requirements for Safety and SPC1006048 |EC60601-1:1988 + A2:1995
Essential Performance ENB0601-1:1990 + A13 :1996
EAC RU-AT.AB49.B.09571 TP TC 004/2011
RoHs2 RoHS 2011/65/EU + AM2015/863
EMC Compliance Condition Standard / Criterion
Electromagnetic compatibility of multimedia equipment - Emission with external filter EN55032, Class A
requirements ” (see filter suggestion below) EN55032, Class B
continued on next page
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RECOM RS3-S(D)(2)

DC/DC Converter Series

EMC Filtering Suggestions according to EN55032 .
Component List Class A
MODEL C1 | C2,C3 L
= RS3-05055
L
| —— RS3-05128
W, M = i Vo 10pF | NA | 3.9H choke RLS-397
RS3-243.35
E S RS3-48055
v, R V. Component List Class B
MODEL Cl | c2|C3 u
Notes: RS3-05055 W | wa
Note7: Filter suggestions are valid for indicated part numbers only. RS3-05128 5.6pH choke
For other part numbers, please contact RECOM tech support for advice.  [Rs3-243 35 104F RLS-567
10pF | 330pF
RS3-48058
DIMENSION AND PHYSICAL CHARACTERISTICS
Parameter Type Value
case non-conductive black plastic, (UL94 V-0)
Material potting epoxy, (UL94 V-0)
PCB FRA, (UL94V-0)
Dimension (LXWxH) 21.8x9.2x11.1mm
Weight 479 typ.
Dimension Drawing (mm)
embossed 1og0
218 92
— Pinning information
Pin#  Single Dual
= Marking—>, 1 -Vin -Vin
El 2 +Vin +Vin
b= 3 CTRL® CTRL®
TTT 117 s
L osreees - Loz 6 +Vout  +Vout
N Recommended Footprint Details _ 7 Nout Com
1000 +0.15-0 8 NC® -Vout
NC= No Connection
12 gdﬂﬂm‘\jﬁw‘; 788 '_\'\_ S B e B Tolerances: xxX +0.5mm
142 2012 3| oo L X0 +0.25mm
| 1
200, 251778 7 i Top View !
254
Notes:
Note8:  This pin provides an Off function which puts the converter into a low power mode. When the pin is ‘high’ the converter is OFF and when
the pin is open the converter is ON. There is no allowed low state for this pin. (refer to ,,ON/OFF CTRL")
Note9:  This pin is used internally. No external connection allowed
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RECOM RS3-S(D)(2)

DC/DC Converter Series
Specifications (messwed ©Ta=25° nom. Vi, ful ad andatervam-wp ness overisostatsd)

PACKAGING INFORMATION

Parameter Type Value
Packaging Dimension (LxWxH) tube 520.0x17.0 x 10.0mm
Packaging Quantity tube 22pcs
Storage Temperature Range -55°C to +125°C
Storage Humidity non-condensing 95% RH max.

e product information and specicatons may be subjec o changes even withaut prior wrten nctceThe product ha been designed for variou applications; s suabily lles I the responsioilty of each customer. The products
are notauthorzeforuse n safety-critcal aplications without RECOM' explict witen consent. A safety-crical applcaton s an applcation ihre a alure may reasonably be expecte o endanger o cause loss of I, nflct
bodly harm or camage propery. The appican shall demniy an haid harmiess RECOM s ffated comparies and s representatives against any damage ciaims in connecton wih the unauthorized use of RECOM
producs In such safety-rtcal appicatons.
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24AA1026/24L.C1026/24FC1026

1024K I*C Serial EEPROM

Device Selection Table
Part Vce Max. Clock | Temp.
Number Range Frequency | Ranges
24AA1026 | 1.7V-5.5V | 400 kHz [
24LC1026 | 2.5V-55V | 400 kHz® IE
24FC1026 | 1.8V-65V | 1MHZ® [
Note 1: 100 kHz for Vcc < 2.5V
2: 100 kHz for Voc < 4.5V (E-temp)
3: 400 kHz for Voc < 2.5V

Features

+ Low-Power CMOS Technology:

- Read current 450 pA, maximum

- Standby current 5 pA, maximum

2-Wire Serial Interface, 12c Compatible
Cascadable up to Four Devices

‘Schmitt Trigger Inputs for Noise Suppression
Output Slope Control to Eliminate Ground Bounce
100 kHz and 400 kHz Clock Compatibility

1 MHz Clock for FC Versions

Page Write Time 3 ms, typical

Self-Timed Erase/Write Cycle

128-Byte Page Write Buffer

Hardware Write-Protect

Electrostatic Discharge (ESD) Protection >4000V
More than One Million Erase/Write Cycles
Data Retention >200 Years

Factory Programming Available

Packages Include 8-lead PDIP, SOIC and SOIJ
RoHS Compliant

Temperature Ranges:

- Industrial (I):  -40°C to +85°C

- Automotive (E): -40°C to +125°C

Description

The  Microchip ~ Technology  Incorporated
24AA1026/24L.C1026/24FC1026 (24XX1026*) is a
128K x 8 (1024 Kbit) Serial Electrically ~Erasable
PROM, capable of operation across a broad voltage
range (1.7V to 5.5V).

It has been developed for advanced, low-power
applications such as personal communications or data
acquisition. This device has both byte write and page
write capability of up to 128 bytes of data.

This device is capable of both random and sequential
reads. Reads may be sequential within address
boundaries 0000h to FFFFh and 10000h to 1FFFFh.
Functional address lines allow up to four devices on the
same data bus. This allows for up to 4 Mbits total
system EEPROM memory. This device is available in
the standard 8-pin PDIP, SOIC and SOIJ packages.

Package Type
8-Lead PDIP 8-Lead SOIC/sOl
Ne )1 © 8[Jvee NeE 1 © &[hvee
A1[]2 g TOWP  arc2 § 7w
ms  $ s[seL s g 6 [ascL
vt N s[son vssgda N sspa
Block Diagram

A1A2 WP HV Generator

110
Memory [—| EEPROM
Control |«=| Control |—+IXDE o,
Logic Lngic . y
Page Latches
SCL
4 YDEC
SbA
vee -
Vss [ Sense AMP
R/W Control

*24XX1026 is used in this document as a generic part
number for the 24AA1026/24LC1026/24FC1026
devices.
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2.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 2-1.

TABLE 2-1: PIN FUNCTION TABLE

Name PDIP soic Sol Function
NC 1 1 1 Not Connected
A1 2 2 2 User Configurable Chip Select
A2 3 3 3 User Configurable Chip Select
Vss 4 4 4 Ground
SDA 5 5 5 Serial Data
SCL 6 6 6 Serial Clock
WP 7 7 7 Write-Protect Input
Vce 8 8 8 +1.7 to 5.5V (24AA1026)
+2.5to 5.5V (24LC1026)
+1.8 to 5.5V (24FC1026)

21 A1, A2 Chip Address Inputs

The A1 and A2 inputs are used by the 24XX1026 for
multiple device operations. The levels on these inputs
are compared with the corresponding bits in the slave
address. The chip is selected if the comparison is true.

Up to four devices may be connected to the same bus
by using different Chip Select bit combinations. In most
applications, the chip address inputs A1 and A2 are
hard-wired to logic ‘0’ or logic ‘1". For applications in
which these pins are controlled by a microcontroller or
other programmable device, the chip address pins
must be driven to logic ‘0’ or logic ‘1" before normal
device operation can proceed.

22  Serial Data (SDA)

This is a bidirectional pin used to transfer addresses
and data into and data out of the device. It is an
oopen-drain terminal, therefore, the SDA bus requires a
pull-up resistor to Vcc (typical 10 kQ for 100 kHz, 2 kQ
for 400 kHz and 1 MHz).

For normal data transfer, SDA is allowed to change
only during SCL low. Changes during SCL high are
reserved for indicating the Start and Stop conditions.

2.3  Serial Clock (SCL)

This input is used to synchronize the data transfer from
and to the device.

24  Write-Protect (WP)

This pin must be connected to either Vss or Vcc. If tied
to Vss, write operations are enabled. If tied to Vcc,
write operations are inhibited, but read operations are
not affected.

3.0 FUNCTIONAL DESCRIPTION

The 24XX1026 supports a bidirectional 2-wire bus and
data transmission protocol. A device that sends data
onto the bus is defined as a transmitter and a device
receiving data as a receiver. The bus must be
controlled by a master device which generates the
Serial Clock (SCL), controls the bus access, and
generates the Start and Stop conditions while the
24XX1026 works as a slave. Both master and slave
can operate as a transmitter or receiver, but the master
device determines which mode is activated.

DS20002270E-page 6
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4.0 BUS CHARACTERISTICS

The following bus protocol has been defined:
+ Data transfer may be initiated only when the bus
is not busy.

+ During data transfer, the data line must remain
stable whenever the clock line is high. Changes in
the data line while the clock line is high will be
interpreted as a Start or Stop condition.

Accordingly, the following bus conditions have been
defined (Figure 4-1).
41 Bus Not Busy (A)

Both data and clock lines remain high.

4.2  Start Data Transfer (B)

A high-to-low transition of the SDA line while the clock
(SCL) is high determines a Start condition. All
commands must be preceded by a Start condition.

4.3  Stop Data Transfer (C)

A low-to-high transition of the SDA line while the clock
(SCL) is high determines a Stop condition. All
operations must end with a Stop condition.

44  Data Valid (D)

The state of the data line represents valid data when,
after a Start condition, the data line is stable for the
duration of the high period of the clock signal.

The data on the line must be changed during the low
period of the clock signal. There is one bit of data per
clock pulse.

Each data transfer is initiated with a Start condition and
terminated with a Stop condition. The number of the
data bytes transferred between the Start and Stop
conditions is determined by the master device.

4.5  Acknowledge

Each receiving device, when addressed, is obliged to
generate an Acknowledge signal after the reception of
each byte. The master device must generate an extra
clock pulse which is associated with this Acknowledge
bit.

Note:  The 24XX1026 does not generate any
Acknowledge bits if an internal
programming cycle is in progress,

however, the control byte that is being
polled must match the control byte used to
initiate the write

cle.

A device that acknowledges must pull-down the SDA
line during the Acknowledge clock pulse in such a way
that the SDA line is stable low during the high period of
the acknowledge related clock pulse. Of course, setup
and hold times must be taken into account. During
reads, a master must signal an end of data to the slave
by NOT generating an Acknowledge bit on the last byte
that has been clocked out of the slave. In this case, the
slave (24XX1026) will leave the data line high to enable
the master to generate the Stop condition.

FIGURE 4-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS
) | (B) (D) (D) © )
scL-
J A ] A
SDA—— -
1
o — " ———— ——
Start Addréss or Data Stop
Condition Acknowledge  Allowed Condition
Valid to Change
FIGURE 4-2: ACKNOWLEDGE TIMING
Acknowledge
Bit
—
s\ f LS\ S\ s\ o\ [P\ Se) fo) [\ [\ [
SDA | Data from transmitier Data from transmitier |
The transmitter must release the SDA line at this The receiver must release the SDA line at
point allowing the receiver to pull the SDA line low L s point 50 the transmiter can continue
to acknowledge the previous eight bits of data sending data.

© 2011-2015 Microchip Technology Inc
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5.0 DEVICE ADDRESSING

A control byte is the first byte received following the
Start condition from the master device (Figure 5-1).
The control byte consists of a 4-bit control code; for the
24XX1026, this is set as *1010’ binary for read and
write operations. The next two bits of the control byte
are the Chip Select bits (A2, A1). The Chip Select bits
allow the use of up to four 24XX1026 devices on the
same bus and are used to select which device is
accessed. The Chip Select bits in the control byte must
correspond to the logic levels on the corresponding A2
and A1 pins for the device to respond. These bits are in
effect the two Most Significant bits (MSb) of the word
address. The next bit of the control byte is the block
select bit (BO). This bit acts as the A16 address bit for
accessing the entire array.

The last bit of the control byte defines the operation to
be performed. When set to a one, a read operation is
selected, and when set to a zero, a write operation is
selected. The next two bytes received define the
address of the first data byte (Figure 5-2). The upper
address bits are transferred first, followed by the Least
Significant bits (LSb).

Following the Start condition, the 24XX1026 monitors
the SDA bus checking the device type identifier being
transmitted. Upon receiving a ‘1010’ code and
appropriate device select bits, the slave device outputs
an Acknowledge signal on the SDA line. Depending on
the state of the RAW bit, the 24XX1026 will select a read
or write operation.

This device has an internal addressing boundary
limitation that is divided into two segments of 512K bits.
Block select bit ‘BO" is used to control access to each
segment.

FIGURE 5-1: CONTROL BYTE

FORMAT

Read/Write Bit:

Chip  Block
Select Select
Control Code Bits  Bit

A2 | A1 | BO

RN I 0 1 0 R/W JACK

Slave Address

Start Bit Acknowledge Bi

51 Contiguous Addressing Across

Multiple Devices

The Chip Select bits A2 and A1 can be used to expand
the contiguous address space for up to 4 Mbit by
adding up to four 24XX1026's on the same bus. In this
case, software can use A1 of the control byte as
address bit A17 and A2 as address bit A18. It is not
possible to sequentially read across device
boundaries.

Each device has internal addressing boundary
limitations. This divides each part into two segments of
512K bits. The block select bit ‘B0’ controls access to
each “half”.

Sequential read operations are limited to 512K blocks.
To read through four devices on the same bus, eight
random Read commands must be given.

FIGURE 5-2: ADDRESS SEQUENCE BIT ASSIGNMENTS
Control Byte Address High Byte Address Low Byte

A|A|B A|lA|A|AIA[A[A|A A A

tlofrielz|1|oRW 15[14 (13| 12|11]10] 9 |8 7 0
|
Control Chip Block
Code Select Select
Bits  Bit

DS20002270E-page 8
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6.0 WRITE OPERATIONS

6.1 Byte Write

Following the Start condition from the master, the
control code (four bits), the Chip Select (two bits), the
block select (one bit), and the R/W bit (which is a logic
low) are clocked onto the bus by the master transmitter.
This indicates to the addressed slave receiver that the
address high byte will follow after it has generated an
Acknowledge bit during the ninth clock cycle.
Therefore, the next byte transmitted by the master is
the high-order byte of the word address and will be
written into the Address Pointer of the 24XX1026. The
next byte is the Least Significant Address Byte. After
receiving another Acknowledge signal from the
24XX1026, the master device will transmit the data
word to be written into the addressed memory location.
The 24XX1026 acknowledges again and the master
generates a Stop condition. This initiates the internal
write cycle and during this time, the 24XX1026 will not
generate Acknowledge signals as long as the control
byte being polled matches the control byte that was
used to initiate the write (Figure 6-1). If an attempt is
made to write to the array with the WP pin held high, the
device will acknowledge the command, but no write
cycle will occur, no data will be written and the device
will immediately accept a new command. After a byte
Write command, the internal address counter will point
to the address location following the one that was just
written.

Note:  When doing a write of less than 128 bytes
the data in the rest of the page is
refreshed along with the data bytes being
written. This will force the entire page to
endure a write cycle, for this reason
endurance is specified per page.

6.2 Page Write

The write control byte, word address and the first data
byte are transmitted to the 24XX1026 in the same way
as in a byte write. But instead of generating a Stop
condition, the master transmits up to 127 additional
bytes, which are temporarily stored in the on-chip page
buffer and will be written into memory after the master
has transmitted a Stop condition. After receipt of each
word, the seven lower Address Pointer bits are
internally incremented by one. If the master should
transmit more than 128 bytes prior to generating the
Stop condition, the address counter will roll over and
the previously received data will be overwritten. As with
the byte write operation, once the Stop condition is
received, an internal write cycle will begin (Figure 6-2).
If an attempt is made to write to the array with the WP
pin held high, the device will acknowledge the
ccommand, but no write cycle will occur, no data will be
written and the device will immediately accept a new
command.

6.3  Write Protection

The WP pin allows the user to write-protect the entire
array (00000-1FFFF) when the pin is tied to Vcc. If tied
to Vss the write protection is disabled. The WP pin is
sampled at the Stop bit for every Write command
(Figure 1-1). Toggling the WP pin after the Stop bit will
have no effect on the execution of the write cycle.

Note: Page write operations are limited to
writing bytes within a single physical page,
regardless of the number of bytes
actually being written. Physical page
boundaries start at addresses that are
integer multiples of the page buffer size
(or ‘page size’) and end at addresses that
are integer multiples of [page size — 1]. If
a Page Write command attempts to write
across a physical page boundary, the
result is that the data wraps around to the
beginning of the current page (overwriting
data previously stored there), instead of
being written to the next page as might be
expected. It is therefore necessary for the
application software to prevent page write
operations that would attempt to cross a
page boundary.

© 2011-2015 Microchip Technology Inc
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FIGURE 6-1: BYTE WRITE
Bus Activity 3
Mastor A Control Address Address H
R Byt High Byte Low Byte Data o
T P
AJA]
SDA LINE o[ 1] ofAA H
A A
BUS ACTIVITY c c c c
K K K K
FIGURE 6-2: PAGE WRITE
s
T s
Bus Activity A Control Address Address 3
Master $ Byte High Byte Low Byte Data Byte 0 Data Byte 127 g
SDA Line I—|HAAB TTTTTT TTTTTTT TTTTTTT \\I\\\\E
HoH{Of2]]o]oy L Ll Ll Pl
Bus Activity A 2 é A é
K K K K K
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7.0 ACKNOWLEDGE POLLING FIGURE 7-1: ACKNOWLEDGE
POLLING FLOW

Since the device will not acknowledge during a write
cycle, this can be used to determine when the cycle is
complete. (This feature can be used to maximize bus

throughput.) Once the Stop condition for a Write

command has been issued from the master, the device ) Send

initiates the internally timed write cycle. ACK polling Write Command

can be initiated immediately. This involves the master

sending a Start condition, followed by the control byte

for a Write command (RAW = 0). If the device is still Send Stop

busy with the write cycle, then no ACK will be returned. Condition to

If no ACK is returned, then the Start bit and control byte Initiate Write Cycle

must be resent. If the cycle is complete, then the device ¢

will return the ACK and the master can then proceed

with the r!exl Read or Write command. See Figure 7-1 Send Start «—

for flow diagram.

Note:  Care must be taken when polling the ‘

24XX102_6_._ The oont_rol byte that was Send Control Byte
used to initiate the write needs to match with RW = 0
the control byte used for polling.

Next
Operation

_—_—m—
© 2011-2015 Microchip Technology Inc DS20002270E-page 11




image152.png
24AA1026/241.C1026/24FC1026

8.0 READ OPERATION

Read operations are initiated in the same way as write
operations with the exception that the R/W bit of the
control byte is set to one. There are three basic types
of read operations: current address read, random read
and sequential read.

8.1 Current Address Read

The 24XX1026 contains an address counter that
maintains the address of the last word accessed,
internally incremented by one. Therefore, if the
previous read access was to address n (n is any legal
address), the next current address read operation
would access data from address n + 1.

Upon receipt of the control byte with R/W bit set to one,
the 24XX1026 issues an acknowledge and transmits
the 8-bit data word. The master will not acknowledge
the transfer, but does generate a Stop condition and the
24XX1026 discontinues transmission (Figure 8-1).

FIGURE 8-1: CURRENT ADDRESS
READ
s
T s
Bus Activity 5 Control Data T
Master R Byte Byte 1)
T - B . P
SDALI : Alals TrrTTTT
e 10102‘“1‘ Lt
A N
Bus Activity [ (o}
K
A
c
K

8.2 Random Read

Random read operations allow the master to access
any memory location in a random manner. To perform
this type of read operation, first the word address must
be set. This is done by sending the word address to the
24XX1026 as part of a write operation (R/W bit set to
10’). After the word address is sent, the master
generates a Start condition following the acknowledge.
This terminates the write operation, but not before the
internal Address Pointer is set. Then, the master issues
the control byte again, but with the R/W bit set to a one.
The 24XX1026 will then issue an acknowledge and
transmit the 8-bit data word. The master will not
acknowledge the transfer, but does generate a Stop
condition which causes the 24XX1026 to discontinue
transmission (Figure 8-2). After a random Read
ccommand, the internal address counter will point to the
address location following the one that was just read.

8.3  Sequential Read

Sequential reads are initiated in the same way as a
random read except that after the 24XX1026 transmits
the first data byte, the master issues an acknowledge
as opposed to the Stop condition used in a random
read. This acknowledge directs the 24XX1026 to
transmit the next sequentially addressed 8-bit word
(Figure 8-3). Following the final byte transmitted to the
master, the master will NOT generate an acknowledge,
but will generate a Stop condition. To provide
sequential reads, the 24XX1026 contains an internal
Address Pointer which is incremented by one at the
completion of each operation. This Address Pointer
allows half the memory contents to be serially read
during one operation. Sequential read address
boundaries are 00000h to OFFFFh and 10000h to
1FFFFh. The internal Address Pointer will
automatically roll over from address OFFFFh to
address 00000h if the master acknowledges the byte
received from the array address, OFFFFh. The internal
address counter will automatically roll over from
address 1FFFFh to address 10000h if the master
acknowledges the byte received from the array
address 1FFFFh.

DS20002270E-page 12
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FIGURE 8-2: RANDOM READ
. s s
Bus pcvty T Control Address Addess A Control Data $
R Bye High Byte lowByte R Byt Byte o
T, T p
SDA Line RER TTTTTT TTTTTTT WB‘A|A‘E““\\\\\\\‘H
2[1fol | L L 2|19 Ll
A A A A N
Bus Activity c c c c o
K K K A
c
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FIGURE 8-3: SEQUENTIAL READ
Bus Activity Control $
Master Byte Data (n) Data (n + 1) Data (n +2) Data (n +x) 9
N TTTTTTT TTTTTTT TTTTTTT TTTTTTT H
SDA Line Ll Ll L Ll
A A A I N
c c c c o
Bus Activity K K K A
c
K
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MICROCHIP

PIC16F882/883/884/886/887

28/40/44-Pin Flash-Based, 8-Bit CMOS Microcontrollers

High-Performance RISC CPU

« Only 35 Instructions to Learn:

- All single-cycle instructions except branches
Operating Speed:

- DC - 20 MHz oscillator/clock input

- DC - 200 ns instruction cycle

Interrupt Capability

8-Level Deep Hardware Stack

Direct, Indirect and Relative Addressing modes

Special Microcontroller Features

« Precision Internal Oscillator:
- Factory calibrated to +1%
- Software selectable frequency range of
8 MHz to 31 kHz.
- Software tunable
- Two-Speed Start-up mode
- Crystal fail detect for critical applications
- Clock mode switching during operation for
power savings
- Power-Saving Sleep mode
- Wide Operating Voltage Range (2.0V-5.5V)
« Industrial and Extended Temperature Range
- Power-on Reset (POR)
- Power-up Timer (PWRT) and Oscillator Start-up
Timer (OST)
- Brown-out Reset (BOR) with Software Control
Option
- Enhanced Low-Current Watchdog Timer (WDT)
with On-Chip Oscillator (software selectable
nominal 268 seconds with full prescaler) with
software enable
« Multiplexed Master Clear with Pull-up/Input Pin
- Programmable Code Protection
- High Endurance Flash/EEPROM Cell:
- 100,000 write Flash endurance
- 1,000,000 write EEPROM endurance
- Flash/Data EEPROM retention: > 40 years
- Program Memory Read/Write during run time
« In-Circuit Debugger (on board)

Low-Power Features

- Standby Current:
- 50 nA @ 2.0V, typical
+ Operating Current:
- 11 uA @ 32 kHz, 2.0V, typical
- 220 yA @ 4 MHz, 2.0V, typical
« Watchdog Timer Current:
- 1 uA @ 2.0V, typical

Peripheral Features

« 24/35 1/0 Pins with Individual Direction Control:
- High current source/sink for direct LED drive
- Interrupt-on-Change pin
- Individually programmable weak pull-ups
- Ultra Low-Power Wake-up (ULPWU)
« Analog Comparator Module with:
- Two analog comparators
- Programmable on-chip voltage reference
(CVREF) module (% of Vbp)
- Fixed Voltage Reference (0.6V)
- Comparator inputs and outputs externally
accessible
- SR Latch mode
- External Timer1 Gate (count enable)
« A/D Converter:
- 10-bit resolution and 11/14 channels
« Timer0: 8-bit Timer/Counter with 8-bit
Programmable Prescaler
« Enhanced Timer1:
- 16-bit timer/counter with prescaler
- External Gate Input mode
- Dedicated low-power 32 kHz oscillator
« Timer2: 8-bit Timer/Counter with 8-bit Period
Register, Prescaler and Postscaler
- Enhanced Capture, Compare, PWM+ Module:
- 16-bit Capture, max. resolution 12.5 ns
- Compare, max. resolution 200 ns
- 10-bit PWM with 1, 2 or 4 output channels,
programmable “dead time”, max. frequency
20 kHz
- PWM output steering control
« Capture, Compare, PWM Module:
- 16-bit Capture, max. resolution 12.5 ns
- 16-bit Compare, max. resolution 200 ns
- 10-bit PWM, max. frequency 20 kHz
+ Enhanced USART Module:
- Supports RS-485, RS-232, and LIN 2.0
- Auto-Baud Detect
- Auto-Wake-Up on Start bit
« In-Circuit Serial Programming™ (ICSP™) via Two
Pins
« Master Synchronous Serial Port (MSSP) Module
supporting 3-wire SPI (all 4 modes) and I2C™
Master and Slave Modes with 12C Address Mask

© 2006-2015 Microchip Technology Inc.
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PIC16F882/883/884/886/887 Family Types

- r:‘r:'?'r:x Data Memory 10-bitA/D | ECCP/ Timers
Device Flash SRAM | EEPROM o (ch) ccp EUSART | MSSP | Comparators 8/16-bit
(words) (bytes) | (bytes)
PIC16F882 2048 128 128 24 1 7 1 1 2 211
PIC16F883 4096 256 256 24 1 7 1 1 2 211
PIC16F884 4096 256 256 35 14 7 1 1 2 211
PIC16F886 8192 368 256 24 1 n 1 1 2 211
PIC16F887 8192 368 256 35 14 7 1 1 2 211
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Pin Diagrams — PIC16F884/887, 40-Pin PDIP

RE3/MCLR/VeP [ 1 W/ 40 [ RB7/ICSPDAT
RAO/ANO/ULPWU/C12IN0- [ 2 39[] RB6/ICSPCLK
RA1/AN1/C12IN1-[] 3 38[1 RBS/AN13/T1G
RA2/AN2/VREF-/CVREF/C2IN+ [] 4 37 [ RB4/AN11
RA3/AN3/VReF+/C1IN+ []5 36 ] RB3/AN9/PGM/C12IN2-
RA4/TOCKIC10UT []6 35[ RB2/AN8
RAS/AN4/SS/C20UT []7 34 [ RB1/AN10/C12IN3-
REO/AN5 []8 N 33[7] RBO/AN12/INT
RE1/AN6 [] 9 8 32[1 voo
RE2/AN7 [] 10 3 31 Vss
Voo [] 11 |4 301 RD7/P1D
Vss [ 12 H 29[ RD6/P1C
RA7/OSC1/CLKIN [] 13 T 28[7 RD5/P1B
RA6/0SC2/CLKOUT [] 14 27[1RD4
RCO/T10SO/T1CKI[] 15 26 [ RC7T/RX/DT
RC1/T10SICCP2 [] 16 25[7 RC6/TX/CK
RC2/P1A/CCP1[] 17 241 RC5/SDO
RC3/SCK/SCL [] 18 23 [ RC4/SDI/SDA
RDO[] 19 22[] RD3
RD1[]20 21[JRD2

© 2006-2015 Microchip Technology Inc.
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TABLE 3: 40-PIN PDIP ALLOCATION TABLE (PIC16F884/887)
o 2
gl = - ¢ o E s | 5|2 2
oz | £ g g & | 3|8 |¢§ |2 H
8 < £ F w 2 = E &
S S -
RAO | 2 |ANO/ULPWU| C12INO- = = = = = = =
RAT[ 3 AN1 C12IN1- — — — — — — —
RA2[ 4 AN2 C2IN+ = = = = = — | veer-/cvrer
RA3[ 5 AN3 C1IN+ — — — — — — VREF+
RA4[ 6 = c1ouT ToCKI = = = = = =
RA5 | 7 AN4 Cc20UT — — — SS — — —
RAG | 14 = = = = = = = — [oscarcLkout
RAT | 13 — — — — — — — — [ oscicikin
RBO | 33 [ AN12 = = = = —  [ocnt| Y =
RB1[ 34 [ AN10 C12IN3- — — — — 10C Y —
RB2 [ 35 ANB = = = = = 10C Y =
RB3 | 36 AN9 C12IN2- — — — — 10C Y PGM
RB4 [ 37 | ANt = = = = = 10C. Y =
RB5| 38 | AN13 — TG — — — 10C Y —
RB6 | 39 = = = = = = 10C. Y ICSPCLK
RB7 | 40 — — — — — — 10C. Y ICSPDAT
RCO | 15 = = T10SO/T1CKI = = = = = =
RC1 | 16 — — T10s! [ — — — — —
RC2 [ 17 = = = CCPIPIA|  — = = = =
RC3 | 18 — — — — — |scwsct|  — — —
RC4 | 23 = = = = — | souspa|  — = =
RC5 | 24 — — — — — SDo — — —
RC6 | 25 = = = = TXCK | — = = =
RC7 | 26 — — — — RXDT [ — — — —
RDO | 19 = = = = = = = = =
RD1 | 20 — — — — — — — — —
RD2 [ 21 = = = = = = = = =
RD3 | 22 — — — — — — — — —
RD4 | 27 = = = = = = = = =
RD5 | 28 — — — P1B — — — — —
RD6 | 29 = = = PiC = = = = =
RD7 | 30 — — — P1D — — — — —
REO [ 8 AN5 = = = = = = = =
RE1[ o AN6 — — — — — — — —
RE2 [ 10 ANT = = = = = = = =
RE3| 1 — — — — — — — Y | MCLRver
— | n = = = = = = = = VoD
— | 32 — — — — — — — — VoD
— [ 12 = = = = = = = = Vss
— | 3t — — — — — — — — Vss

Note 1: Pull-up activated only with external MCLR configuration.

—_—— s _e—em_™$S$S$S_—_—S$€$€<—<—<——
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1.0 DEVICE OVERVIEW

The PIC16F882/883/884/886/887 devices are covered
by this data sheet. The PIC16F882/883/886 devices are
available in 28-pin PDIP, SOIC, SSOP and QFN
packages. The PIC16F884/887 are available in a 40-pin
PDIP and 44-pin QFN and TQFP packages. Figure 1-1
shows the block diagram of the PIC16F882/883/886
devices and Figure 1-2 shows a block diagram of the
PIC16F884/887 devices. Table 1-1 and Table 1-2 show
the corresponding pinout descriptions.

DS40001291H-page 14 © 2006-2015 Microchip Technology Inc.
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FIGURE 1-2: PIC16F884/PIC16F887 BLOCK DIAGRAM
Configuration PORTA
13 8 RAO
Data Bus
= Program Counter RA1
Flash RA2
aKMigK X 14 @ L RA3
Program RAM %
Memory 8-Level Stack 25611/368 Bytes RAG
(138it) File RA7
Registers
Progiam PORTB
Bus RBO
RB1
Instruction Reg L. RB2
— RB3
DirectAddr 7, RB4
RBS
RB6
FSRReg Kr— RB7
= sTaTus Reg k==|  PORTC
8 }++[X RCO
f+=X]RC1
N @ {} RC2
L (=X rCa
Power-up MUX — RC4
Timer ﬂ {} =K rCs
Instruction Oscillator e
Decodeand (= | Start.up Timer ALY =
Control
Power-on —____I| Porm
OSCH/CLKIN Reset 8 w5 RDO
X Timing k=] ‘Watchdo ~=X|RD1
Generation Timer 9 W Reg {0 RD2
0SC2ICLKOUT Brown-out T cc2 = boe< it
Reset {«={X RDS
Internal («=[X RD6
Oscillator =X rRD7
Block cep2 K=
WCLR VoD  Vss PORTE
<= REO
'"“i;’;‘, le=X RET
Debu l«=[X RE2
(ICD) RE3
11081 [——  Timert
32kHZ < .
T10S0[X}——  Oscillator z <
x 5 H 38
- gege -
TocKI TG | TicK ] & a 28 318
Master Synchronous
Timero Timert Timer2 EUSART ECcP Serial Port (MSSP)

7 7 :

R veer+

VRer+[X]—=|  Analog-To-Digital Converter 2 Analog Comparators |, Sy per 8 [ EEDATA

Veer| (ADC) and Reference
X}—' | CVREF

X 256 Bytes.

AREEEERRRRREN [ERERN Data

D o000 00 BOBDBDDD EEPROM
CEFEECEEEEEEEH torda5zh

fezezeeeeszizz §EEEEs5s R

55550°8 4

Note 1: PIC16F884 only.
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TABLE 1-2:  PIC16F884/887 PINOUT DESCRIPTION

Name Function | 'MPut | Output Description
Type | Type
RAO/ANO/ULPWU/C12INO- RAO_| TTL | CMOS | General purpose I/O.
ANO AN | — | AD Channel 0input.
ULPWU | AN | — |[Ultra Low-Power Wake-up input.
C12IN0- | AN | — | Comparator C1 or C2 negative input
RA1/AN1/C12IN1- RA1 TTL | cMOS | General purpose I/0.
ANt AN | — | AD Channel 1input.
C12IN1- | AN | — | Comparator C1 or C2 negative input
RA2/AN2IVREF-/CVREF/C2IN+ RA2 | TTL | CMOS [ General purpose I/O.
AN2 AN | — | AD Channel 2.
VREF- | AN | — [AD Negative Voltage Reference input.
CVREF | — | AN [Comparator Voltage Reference output.
c2iN+ | AN | — [Comparator C2 positive input
RA3/AN3/VREF+/C1IN+ RA3 | TTL | CMOS | General purpose I/O.
AN3 AN | — | A Channel 3.
VREF+ | AN | — [AD Positive Voltage Reference input.
CiIN+ | AN | — [Comparator C1 positive input
RA4/TOCKI/C10UT RA4 | TTL | CcMOS [ General purpose /0.
Tockl | ST | — [Timer0 clock input.
C10UT | — [ cMOS | Comparator C1 output.
RAS/AN4/SS/C20UT RA5 | TTL | CMOS | General purpose /0.
AN4 AN | — | A Channel 4.
SS ST — | Slave Select input.
C20UT | — [ CMOS | Comparator C2 output.
RA6/0SC2/CLKOUT RA6 | TTL | CMOS | General purpose I/O.
0sC2 | — | XTAL |Crystal/Resonator.
CLKOUT | — [ cMOS [Fosc/4 output.
RAT/OSC1/CLKIN RA7 | TTL | CMOS | General purpose I/O.
0SC1 | XTAL | — | Crystal/Resonator.
CLKIN ST — External clock input/RC oscillator connection.
RBO/AN1Z/INT RBO | TTL |CMOS |General purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
AN12 | AN [ — [AD Channel 12
INT ST | — [Extemalinterrupt
RB1/AN10/C12IN3- RB1 TTL | CMOS | General purpose 1/0. Individually controlled interrupt-on-change.
Individually enabled pull-up.
AN10_ | AN [ — [AD Channel 10.
C12IN3- | AN | — | Comparator C1 or C2 negative input.
RB2/ANS RB2 | TTL |CMOS |General purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
ANB AN | — | AD Channels.
RB3/AN9/PGM/C12IN2- RB3 | TTL |CMOS |General purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
AN9 AN | — | A cChannelo.
PGM sT | — [Low-voltage ICSP™ Programming enable pin.
C12iN2- | AN | — | Comparator C1 or C2 negative input
Legend: AN = Analoginputoroutput ~ CMOS = CMOS compatible inputor output ~ OD = Open-Drain
TTL = TTLcompatibleinput ST = Schmitt Trigger input with CMOS levels
HV = High Voltage XTAL = Crystal

© 2006-2015 Microchip Technology Inc.
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TABLE 1-2:  PIC16F884/887 PINOUT DESCRIPTION (CONTINUED)

Input

Output

Name Function Description
Type | Type
RBA/ANTT RB4 | TTL | CMOS | General purpose l/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
ANt1 [ AN | — [ AD Channel 11
RBS/AN13/T1G RB5 | TTL |CMOS |General purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
AN13 | AN [ — [AD Channel 13,
TG ST | — [Timert Gate input.
RB6/ICSPCLK RB6 | TTL |CMOS |General purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
ICSPCLK | ST | — |[Serial Programming Clock.
RB7/ICSPDAT RB7 | TTL |CMOS |General purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
ICSPDAT | ST | TTL [ICSP™ Data l/O.
RCO/T10SO/T1CKI RCO ST | cMOs | General purpose /0.
T10S0 | — | XTAL [Timert oscillator output.
TICKI | ST | — [Timert clock input.
RC1/T10SICCP2 RC1 ST | cMOs | General purpose /0.
T10Sl | XTAL | — [Timer1 oscillator input
CCcP2 | ST | cMOS | Capture/Compare/PWM2.
RC2/P1A/CCP1 RC2 ST | cMOs | General purpose /0.
PIA ST | cMOS [PWM output.
ccP1 | — | cMos | Capture/Compare/PWM1.
RC3/SCKISCL RC3 ST | cMOs | General purpose /0.
SCK ST | cMOs [Pl clock
SCL. ST [ ob [iPc™ clock
RC4/SDI/SDA RC4 ST | cMOs | General purpose /0.
DI sT | — [sPidatainput.
SDA ST | op [’C data inputioutput
RC5/SDO RC5 ST | cMOs | General purpose /0.
SDo — | cmos | sPI data output.
RCB/TX/CK RC6 ST | cMOs | General purpose /0.
TX — | cMOs | EUSART asynchronous transmit.
cK ST | CMOS [ EUSART synchronous clock.
RC7/RXIDT RCT ST | cMOs | General purpose /0.
RX ST | — [EUSART asynchronous input.
DT ST | CMOS [ EUSART synchronous data.
RDO RDO | TTL |CMOS |General purpose IiO.
RD1 RD1_| TTL |CMOS |General purpose IiO.
RD2 RD2 | TTL |CMOS |General purpose IiO.
RD3 RD3 | TTL |CMOS |General purpose IiO.
RD4 RD4 | TTL |CMOS |General purpose IiO.
RD5/P1B RD5 | TTL [CMOS |General purpose IiO.
P1B — | cmos | PwM output.
RD6/P1C RD6 | TTL |CMOS |General purpose IiO.
PiC — | cmos | PwM output.
Legend: AN = Analoginputoroutput ~ CMOS = CMOS compatible inputor output ~ OD = Open-Drain

T
HV = High Voltage

TTL compatible input

ST

Schmitt Trigger input with CMOS levels

XTAL = Crystal
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TABLE 1-2:  PIC16F884/887 PINOUT DESCRIPTION (CONTINUED)

Name Function | 'MPut | Output Description
Type | Type
RD7/P1D RD7_| TIL | CMOS | General purpose /0.
PID_| AN | — |PWMoutput
REO/ANS REO | TTL | CMOS |General purpose /0.
AN5 | AN | — |ADChannels.
RE1/ANG RE1 | TTL | CMOS | General purpose IO,
AN6 | AN | — |ADChannel6.
RE2IANT RE2 | TTL | CMOS | General purpose /0.
AN7 | AN | — |ADChamnel7.
RE3NCLRVPP RE3 | TTL | — |General purpose input.
MCLR | ST | — |Master Clear with interal pull-up.
vep HV | — |Programming voltage.
Vss Vss | Power | — | Ground reference.
Voo VoD | Power | — | Positive supply.
Legend: AN = Analog inputoroutput  CMOS = CMOS compatible input o output 0D = Open-Drain

T
HV

TTL compatible input ST
High Voltage XTAL

Schmitt Trigger input with CMOS levels
Crystal
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20 MEMORY ORGANIZATION FIGURE 2-2: PROGRAM MEMORY MAP
AND STACK FOR THE
21 Program Memory Organization PIC16F883/PIC16F884
The PIC16F882/883/884/886/887 devices have a 13-bit PC<120>
program counter capable of addressing a 2Kx 14 =
(0000h-07FFh) for the PIC16F882, 4K x 14 (0000h- CALL, RETURN 13
OFFFh) for the PIC16F883/PIC16F884, and 8K x 14 RETEIE, RETLE
(0000h-1FFFh) for the PIC16F886/PIC16F887 program
memory space. Accessing a location above these Stack Level 1
boundaries will cause a wrap-around within the first 8K x Stack Level 2
14 space. The Reset vector is at 0000h and the interrupt .
vector is at 0004h (see Figures 2-2 and 2-3). SEckLoval 8
FIGURE 2-1: PROGRAM MEMORY MAP v .
AND STACK FOR THE
PIC16F882 . (E—
PC<12:0> Interrupt Vector 0004n
00050
cALL, RETURN 13
ReTFiz, RETIN gnanp Page© J—
‘Memory age 1 0800n
Stack Level 1 il OFFFR
Stack Level 2
Stack :e\,d B FIGURE 2-3: PROGRAM MEMORY MAP
AND STACK FOR THE
Reset vedlor o000n PIC16F886/PIC16F887
: - rozo
cALL, RETURN j% 13
Interrupt Vector 0004n ReTrrz, RETIH
On-Chip 0005n
Program Page 0
Memory { O7FFh Stack Level 1
Stack Level 2
.
Stack Level 8
Reset Vector 00000
Interrupt Vector 0004n
00050
Page 0
o7FFn
age 1 0800n
age
g;;;‘:ﬁ OFFFh
‘Memory rage? 1000n
17FFR
1800n
Page 3
1FFFh

DS40001291H-page 22 © 2006-2015 Microchip Technology Inc.




image12.png
System: UX90-002M PEL103 LC50000
Company: HOBO Chauvin Arnoux INNO Track
Photo:
10505 |
Power: CR2032 Battery NiMH battery i
Battery
Voltage: 3v N/A N/A
o 60 Days
Battery Life: 1 year N/A (one charge]
Memory: 512 KB, Up to 32 GB (SD Card) | 28,800 Readings
Measurement: Light On/Off Current, Voltage Light, Temperature.
GPS: No Yes Yes
LED, CFL, Fluorescent, LED, Fluorescent,
Light Types: HID, Incandescent, N/A Incandescent,
Natural Natural
1P Ratin; P50 P54 1P65
tion Bluetooth, Ethernet,
‘Communication: usB USB, WiFi USB, GSM





image164.png
PIC16F882/883/884/886/887

22 Data Memory Organization

The data memory (see Figures2-2 and 2-3) is
partitioned into four banks which contain the General
Purpose Registers (GPR) and the Special Function
Registers (SFR). The Special Function Registers are
located in the first 32 locations of each bank. The
General Purpose Registers, implemented as static RAM,
are located in the last 96 locations of each Bank.
Register locations FOh-FFh in Bank 1, 170h-17Fh in
Bank 2 and 1FOh-1FFh in Bank 3, point to addresses
70h-7Fh in Bank 0. The actual number of General
Purpose Resisters (GPR) implemented in each Bank
depends on the device. Details are shown in Figures 2-5
and 2-6. All other RAM is unimplemented and returns ‘0’
when read. RP<1:0> of the STATUS register are the
bank select bits:

RP1 RPO
0 0 —Bank0is selected
0 1 —Bank1is selected
1 0 —Bank2is selected
1 1 —Bank3is selected

221 GENERAL PURPOSE REGISTER
FILE

The register file is organized as 128 x 8 in the
PIC16F882, 256 x 8 in the PIC16F883/PIC16F884, and
368 x 8 in the PIC16F886/PIC16F887. Each register is
accessed, either directly or indirectly, through the File
Select Register (FSR) (see Section 2.4 “Indirect
Addressing, INDF and FSR Registers”).

222 SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and peripheral functions for controlling the
desired operation of the device (see Table 2-1). These
registers are static RAM.

The special registers can be classified into two sets:
core and peripheral. The Special Function Registers
associated with the “core” are described in this section.
Those related to the operation of the peripheral
features are described in the section of that peripheral
feature.

© 2006-2015 Microchip Technology Inc.
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FIGURE 2-6: PIC16F886/PIC16F887 SPECIAL FUNCTION REGISTERS
File File File File
Address Address Address Address

Indirect addr. M| 00h | Indirect addr. ™| 80h | Indirectaddr. ™| 100h | Indirectaddr. ™| 180h
TMRO 01h | OPTION_REG | 81h TMRO 101th | OPTION_REG | 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS| 03h STATUS 83n STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h WDTCON 105h SRCON 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h CM1CONO 107h BAUDCTL 187h
PORTD® 08h TRISD® 88h CM2CONO 108h ANSEL 188h
PORTE 0%h TRISE 8oh CM2CON1 109h ANSELH 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 och PIE1 8Ch EEDAT 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8bh EEADR 10Dh EECON2(" 18Dh
TMRIL OEh PCON 8Eh EEDATH 10Eh Reserved 18Eh
TMR1H OFh 0SCCON 8Fh EEADRH 10Fh Reserved 18Fh
T1CON 10h OSCTUNE 90h 110 190h
TMR2 11h SSPCON2 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD 93h 113h 193h
SSPCON 14h SSPSTAT 94h 114h 194h
CCPRIL 15h WPUB 95h 115h 195h
CCPR1H 16h 10CB 96h General 116h General 196h
CCP1CON 17h VRCON 97h Purpose 17h Purpose 197h

Registers Registers
RCSTA 18h TXSTA 98h 118h 198h
TXREG 19h SPBRG 99h 16 Bytes 119h 16 Bytes 199h
RCREG 1Ah SPBRGH 9Ah 11Ah 19Ah
CCPR2L 1Bh PWM1CON 9Bh 11Bh 19Bh
CCPR2H 1ch ECCPAS 9Ch 11Ch 19Ch
CCP2CON 1Dh PSTRCON 9Dh 11Dh 19Dh
ADRESH 1Eh ADRESL 9Eh 11Eh 19Eh
ADCONO 1Fh ADCON1 9Fh 11Fh 19Fh
20h A0h 120h 1A0h

General

6h Purpose Seneml general

General Registers urpose urpose

Purpose 40h Registers Registers

Regsters 80 Bytes 80 Bytes 80 Bytes
96 Bytes 6Fh EFh 16Fh 1EFh
70h accesses FOh accesses 170h accesses 1FOh
7Fh 70h-7Fh FFh 70h-7Fh 17Fh 70h-7Fh 1FFh

Bank 0 Bank 1 Bank 2 Bank 3

] Unimplemented data memory locations, read as ‘0’.
Note 1: Not a physical register.
2: PIC16F887 only.
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3.0 1/0 PORTS The TRISA register (Register 3-2) controls the PORTA

pin output drivers, even when they are being used as
There are as many as 35 general purpose I/O pins analog inputs. The user should ensure the bits in the
available. Depending on which peripherals are TRISA register are maintained set when using them as
eenabled, some or all of the pins may not be available as analog inputs. /O pins configured as analog input always
general purpose I/O. In general, when a peripheral is read ‘0",

enabled, the associated pin may not be used as a
general purpose /O pin.

Note:  The ANSEL register must be initialized to
configure an analog channel as a digital
input. Pins configured as analog inputs
will read ‘0",

341 PORTA and the TRISA Registers
PORTA is a 8-bit wide, bidirectional port. The

corresponding data direction register is TRISA EXAMPLE 3-1: INITIALIZING PORTA
(Register 3-2). Setting a TRISA bit (= 1) will make the BANKSEL PORTA ;

corresponding PORTA pin an input (i.e., disable the CLRF PORTA ;Init PORTA

output driver). Clearing a TRISA bit (= 0) will make the BANKSEL ANSEL i

corresponding PORTA pin an output (i.e., enables CLRE  ANSEL sdigital 1/0

output driver and puts the contents of the output latch isﬂff’m z‘;;SA Tt macaias ae E—
F"_‘_"_'e selected pin). Example 3-1 shows how to MOVWF  TRISA iand set RA<5:4,1:0>
initialize PORTA. ‘as outputs

Reading the PORTA register (Register 3-1) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then
written to the PORT data latch.

REGISTER 3-1:  PORTA: PORTA REGISTER

RIW-x RIW-x RIW-x RIW-x RIW-x RIW-x RIW-x RIW-x
RAT RAG RAS RA4 RA3 RA2 RA1 RAO

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR Bitis set 0’ = Bit is cleared x = Bitis unknown

bit 7-0 RA<7:0>: PORTA I/O Pin bit
1= Portpin is > ViH
0= Portpin s < ViL

REGISTER 3-2:  TRISA: PORTA TRI-STATE REGISTER

RW-1( Rw-1( RW-1 RW-1 RIW-1 RW-1 RW-1 RW-1
TRISA7 TRISAS TRISAS TRISA4 TRISA3 TRISA2 TRISAT TRISAQ
bit 7 bit 0
Legend:
R = Readable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" =Bit s set 0’ = Bit is cleared x = Bitis unknown
bit 7-0 TRISA<T:0>: PORTA Tri-State Control bit

1 = PORTA pin configured s an input (tri-stated)
0 = PORTA pin configured as an output

Note 1: TRISA<7:6> always reads ‘1" in XT, HS and LP Oscillator modes.
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3.2  Additional Pin Functions

RAO also has an Ultra Low-Power Wake-up option. The
next three sections describe these functions.

3.21 ANSEL REGISTER

The ANSEL register (Register 3-3) is used to configure
the Input mode of an I/O pin to analog. Setting the
appropriate ANSEL bit will cause all digital reads
on the pin to be read as ‘0’ and allow analog functions
on the pin to operate correctly.

The state of the ANSEL bits has no affect on digital out-
put functions. A pin with TRIS clear and ANSEL set will
still operate as a digital output, but the Input mode will
be analog. This can cause unexpected behavior when
executing read-modify-write instructions on the
affected port.

REGISTER 3-3:  ANSEL: ANALOG SELECT REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
ANs7® ANSE(2) ANS5(2) ANs4 ANS3 ANS2 ANS1 ANSO
bit 7 bit 0
Legend:
R = Readable bit ‘W = Writable bit U = Unimplemented bit, read as ‘0"
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-0 ANS<7:0>: Analog Select bits

Analog select between analog or digital function on pins AN<7:0>, respectively.
1= Analog input. Pin is assigned as analog input(®.
0 = Digital I/O. Pin is assigned to port or special function.

Note 1: Setting a pin to an analog input automatically disables the digital input circuitry, weak pull-ups, and
interrupt-on-change if available. The corresponding TRIS bit must be set to Input mode in order to allow
external control of the voltage on the pin.

2:  Not implemented on MemHigh.
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322 ULTRA LOW-POWER WAKE-UP

The Ultra Low-Power Wake-up (ULPWU) on RAQ allows
a slow falling voltage to generate an interrupt-on-change
oon RAO without excess current consumption. The mode
is selected by setting the ULPWUE bit of the PCON
register. This enables a small current sink, which can be
used to discharge a capacitor on RAQ.

Follow these steps to use this feature:

a) Charge the capacitor on RAO by configuring the
RAO pin to output (= 1) .

b) Configure RAQ as an input.

c) Set the ULPWUIE bit of the PIE2 register to
enable interrupt.

d) Set the ULPWUE bit of the PCON register to
begin the capacitor discharge.

e) Execute a SLEEP instruction.

‘When the voltage on RAO drops below ViL, an interrupt
will be generated which will cause the device to
wake-up and execute the next instruction. If the GIE bit
of the INTCON register is set, the device will then call
the interrupt vector (0004h).

This feature provides a low-power technique for
periodically waking up the device from Sleep. The
time-out is dependent on the discharge time of the RC
circuit on RAO. See Example 3-2 for initializing the
Ultra Low-Power Wake-up module.

A series resistor between RAO and the external
capacitor provides overcurrent protection for the
RAO/ANO/ULPWU/C12INO- pin and can allow for
software calibration of the time-out (see Figure 3-1). A
timer can be used to measure the charge time and
discharge time of the capacitor. The charge time can
then be adjusted to provide the desired interrupt delay.
This technique will compensate for the affects of
temperature, voltage and component accuracy. The
Ultra Low-Power Wake-up peripheral can also be
configured as a simple Programmable Low Voltage
Detect or temperature sensor.

Note: For more information, refer to AN879,
“Using the Microchip Ultra Low-Power|
Wake-up Module” Application Note
(DS00879).

EXAMPLE 3-2: ULTRA LOW-POWER

WAKE-UP INITIALIZATION

BANKSEL PORTZ

CALL  capbelay
BANKSEL PIR2

BSF PORTA, 0 iSet RAO data latch
BANKSEL ANSEL ;

BCF ANSEL, 0 JRBO to digital I/0
BANKSEL TRISA ;

BCF TRISA, 0 ;joutput high to

jcharge capacitor

BCF PIR2,ULBWUIF  ;Clear flag
BANKSEL PCON

BSF PCON,ULPWUE ~ ;Enable ULP Wake-up
BSF TRISA, 0 JRAO to input

BSF PIE2, ULPWUIE ;Enable interrupt
MOVLW  B’11000000" jEnable peripheral
MOVWF  INTCON ;interrupt

SLEEP jWait for IOC

Nop i
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3.23 PIN DESCRIPTIONS AND
DIAGRAMS

Each PORTA pin is multiplexed with other functions. The
pins and their combined functions are briefly described
here. For specific information about individual functions
such as the comparator or the A/D Converter (ADC),
refer to the appropriate section in this data sheet.

FIGURE 3-1: BLOCK DIAGRAM OF RAO

3.2.31 RAO/ANO/ULPWU/C12INO-

Figure 3-1 shows the diagram for this pin. This pin is
configurable to function as one of the following:

- ageneral purpose /O

« an analog input for the ADC

- anegative analog input to Comparator C1 or C2

+ an analog input for the Ultra Low-Power Wake-up

Data Bus

WR_|
PORTA

2 °
ol o

D Q
WR =
TRISA T C\K Q|
RD $—
T Analog(")
TRISA Input Mode
RD.
PORTA

_To Comparator

s

- To A/D Converter

Note 1: ANSEL determines Analog Input mode.
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3232 RA1/AN1/C12IN1-

Figure 3-2 shows the diagram for this pin. This pin is
configurable to function as one of the following:

- ageneral purpose /O

« an analog input for the ADC

+ anegative analog input to Comparator C1 or C2

FIGURE 3-2: BLOCK DIAGRAM OF RA1
Data Bus
o Voo

1O Pin

Input Mode.

<o Comparator

«_ToAID Converter

Note 1: ANSEL determines Analog Input mode.

3.2.33 RA2/AN2/VREF-/CVREF/C2IN+

Figure 3-3 shows the diagram for this pin. This pin is
configurable to function as one of the following:

- ageneral purpose /O

an analog input for the ADC

a negative voltage reference input for the ADC
and CVREF

a comparator voltage reference output
a positive analog input to Comparator C2

FIGURE 3-3: BLOCK DIAGRAM OF RA2

Data Bus

VROE

CVRer

Vo

10 Pin

TRlsA‘*t % Q Vss
‘Analog™
 — Input Mode

PORTA

To Comparator (positive input)

To Comparator (VReF-)

To A/D Converter (VREF-)

To A/D Converter (analog channel)

Note 1: ANSEL determines Analog Input mode.
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3.2.34 RA3/AN3/VREF+/C1IN+

Figure 3-4 shows the diagram for this pin.
configurable to function as one of the following:
- ageneral purpose input

« an analog input for the ADC

- apositive voltage reference input for the ADC and
CVREF

- apositive analog input to Comparator C1

FIGURE 3-4: BLOCK DIAGRAM OF RA3
Data Bus
+o a Yoo

O Pin

Input Mode

To Comparator (positive input)

To Comparator (VReF+)

To AID Converter (VREF+)

To A/D Converter (analog channel)

Note 1: ANSEL determines Analog Input mode.

3235 RA4/TOCKI/C10UT

Figure 3-5 shows the diagram for this pin. This pin is
configurable to function as one of the following:

- ageneral purpose /O

« aclock input for Timer0

- adigital output from Comparator C1

FIGURE 3-5: BLOCK DIAGRAM OF RA4

Data Bus c1ouT

«_ToTimer0

© 2006-2015 Microchip Technology Inc.
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3.2.36 RA5/AN4/SS/C20UT

Figure 3-6 shows the diagram for this pin.
configurable to function as one of the following:
- ageneral purpose /O

« an analog input for the ADC

- aslave select input

- adigital output from Comparator C2

FIGURE 3-6: BLOCK DIAGRAM OF RAS

Data Bus

Input Mode.

< ToSSinput

«_To AD Converter

in

Note 1: ANSEL determines Analog Input mode.

3.2.37 RAB/0OSC2/CLKOUT

Figure 3-7 shows the diagram for this pin. This pin is
configurable to function as one of the following:

- ageneral purpose /O

- acrystal/resonator connection

«+ aclock output

FIGURE 3-7: BLOCK DIAGRAM OF RA6
Oscillator
Data Bus [|_circut ||
osc2
cLKouT Voo
o0 a
wR | Llck = 10 Pin
porTAT P XC @
+o a
INTOSCIO
WR — EXTRCIO/E
TRISA“tg{ Q
CLKouT
RD $— Enable
TRISA | “
RD
PORTA

Note 1: With /O option.
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3.2.38 RA7/0SC1/CLKIN

Figure 3-8 shows the diagram for this pin. This pin is
configurable to function as one of the following:

- ageneral purpose /O

- acrystal/resonator connection
+ aclock input

FIGURE 3-8: BLOCK DIAGRAM OF RA7

Data Bus Oscillator
Circut

10 Pin

CLKIN

TABLE 3-1:  SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bitg | Register
on Page
ADCONO ADCS1 | ADCSO | CHS3 | CHS2 | CHS1 | CHSO | GO/DONE | ADON 104
ANSEL ANS7 | ANS6 | ANS5 | ANs4 | ANS3 | ANS2 ANS1 ANSO 41
CM1CONO C10N [ c1ouT | c10E | c1poL = C1R C1CH1_| C1CHO 89
CM2CONO C20N [ c20UT | C20E | capoL = C2R C2CH1 | C2CHo 20
CM2CON1 MC10UT | MC20UT | CIRSEL | C2RSEL | — = T1GSs [c2synC| a2
PCON — ULPWUE | SBOREN — — POR BOR 37
OPTION_REG | RBPU | INTEDG | ToCS TOSE PSA Ps2 Ps1 PSO 31
PORTA RA7 RAG RA5 RA4 RA3 RA2 RA1 RAO 40
SSPCON WCOL | SSPOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1_| SSPMo | 177
TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISA0 | 40

Legend: x = unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by PORTA.
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9.0 ANALOG-TO-DIGITAL
CONVERTER (ADC) MODULE

The Analog-to-Digital Converter (ADC) allows
conversion of an analog input signal to a 10-bit binary
representation of that signal. This device uses analog
inputs, which are multiplexed into a single sample and
hold circuit. The output of the sample and hold is
connected to the input of the converter. The converter
generates a 10-bit binary result via successive
approximation and stores the conversion result into the
ADC result registers (ADRESL and ADRESH).

The ADC voltage reference is software selectable to be
either internally generated or externally supplied.

The ADC can generate an interrupt upon completion of
a conversion. This interrupt can be used to wake-up the
device from Sleep.

Figure 9-1 shows the block diagram of the ADC.

FIGURE 9-1: ADC BLOCK DIAGRAM
Avss, VCFG1=0
VREF- = VeFG1=1°
AvoD
VCFGO =0,
VREF+ VCFGO =1
ANO 0000
AN1 0001
AN2 | 0010
AN3 - 0011
AN4 0100
AN5 0101
ANG 0110
ANT 0111 ADC
AN8 1000
ANO 2001 | GO/DONE —| 10
AN10 1010 —
ADFy | 0 = Leftdustity
AN11 1011 1 =Right Justify
AN12 1100 ADON— [_ 10
1101
Ants Vss ADRESH | ADRESL
CVREF ——1110 =
FixedRef —————— {1111
CHS<3:0>—
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9.1 ADC Configuration

When configuring and using the ADC the following
functions must be considered:

- Port configuration

« Channel selection

- ADC voltage reference selection

« ADC conversion clock source

= Interrupt control

+ Results formatting

9.1.1 PORT CONFIGURATION

The ADC can be used to convert both analog and digital
signals. When converting analog signals, the I/O pin
should be configured for analog by setting the associated
TRIS and ANSEL bits. See the corresponding Port
section for more information.

Note:  Analog voltages on any pin that is defined
as a digital input may cause the input buf-
fer to conduct excess current.

9.1.2 CHANNEL SELECTION

The CHS bits of the ADCONO register determine which
channel is connected to the sample and hold circuit.

When changing channels, a delay is required before
starting the next conversion. Refer to Section 9.2
“ADC Operation” for more information.

913 ADC VOLTAGE REFERENCE

The VCFG bits of the ADCON1 register provide
independent control of the positive and negative
voltage references. The positive voltage reference can
be either VDD or an external voltage source. Likewise,
the negative voltage reference can be either Vss or an
external voltage source.

9.14 CONVERSION CLOCK

The source of the conversion clock is software select-
able via the ADCS bits of the ADCONO register. There
are four possible clock options:

« Fosc/2

« Fosc/8

« Fosc/32

« FRc (dedicated internal oscillator)

The time to complete one bit conversion is defined as

Tap. One full 10-bit conversion requires 11 TAD periods
as shown in Figure 9-2.

For correct conversion, the appropriate TAD specification
must be met. See A/D conversion requirements in
Section 17.0 “Electrical Specifications” for more
information. Table 9-1 gives examples of appropriate
ADC clock selections.

Note:  Unless using the Frc, any changes in the
system clock frequency will change the
ADC clock frequency, which may
adversely affect the ADC result.
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10.0 DATA EEPROM AND FLASH
PROGRAM MEMORY
CONTROL

The Data EEPROM and Flash program memory are
readable and writable during normal operation (full Voo
range). These memories are not directly mapped in the
register file space. Instead, they are indirectly
addressed through the Special Function Registers
(SFRs). There are six SFRs used to access these
memories:

- EECON1

- EECON2

- EEDAT

- EEDATH

- EEADR

- EEADRH (bit 4 on PIC16F886/PIC16F887 only)

When interfacing the data memory block, EEDAT holds
the 8-bit data for read/write, and EEADR holds the
address of the EEDAT location being accessed. These
devices have 256 bytes of data EEPROM with an
address range from Oh to OFFh.

When accessing the program memory block of the
PIC16F886/PIC16F887 devices, the EEDAT and EED-
ATH registers form a 2-byte word that holds the 14-bit
data for read/write, and the EEADR and EEADRH reg-
isters form a 2-byte word that holds the 12-bit address
of the EEPROM location being read. The PIC16F882
devices have 2K words of program EEPROM with an
address range from Oh to 07FFh. The PIC16F883/
PIC16F884 devices have 4K words of program
EEPROM with an address range from Oh to OFFFh.
The program memory allows one-word reads.

The EEPROM data memory allows byte read and write.
A byte write automatically erases the location and
writes the new data (erase before write).

The write time is controlled by an on-chip timer. The
write/erase voltages are generated by an on-chip
charge pump rated to operate over the voltage range of
the device for byte or word operations.

Depending on the setting of the Flash Program
Memory Self Write Enable bits WRT<1:0> of the
Configuration Word Register 2, the device may or may
not be able to write certain blocks of the program
memory. However, reads from the program memory
are allowed.

When the device is code-protected, the CPU may
continue to read and write the data EEPROM memory
and Flash program memory. When code-protected, the
device programmer can no longer access data or
program memory.

10.1 EEADR and EEADRH Registers

The EEADR and EEADRH registers can address up to
a maximum of 256 bytes of data EEPROM or up to a
maximum of 8K words of program EEPROM.

When selecting a program address value, the MSB of
the address is written to the EEADRH register and the
LSB is written to the EEADR register. When selecting a
data address value, only the LSB of the address is
written to the EEADR register.

10.1.1 EECON1 AND EECON2 REGISTERS

EECON1 is the control register for EE memory
accesses.

Control bit EEPGD determines if the access will be a pro-
gram or data memory access. When clear, as it is when
reset, any subsequent operations will operate on the data
memory. When set, any subsequent operations will oper-
ate on the program memory. Program memory can only
be read.

Control bits RD and WR initiate read and write,
respectively. These bits cannot be cleared, only set, in
software. They are cleared in hardware at completion
of the read or write operation. The inability to clear the
WR bit in software prevents the accidental, premature
termination of a write operation.

The WREN bit, when set, will allow a write operation to
data EEPROM. On power-up, the WREN bit is clear.
The WRERR bit is set when a write operation is
interrupted by a MCLR or a WDT Time-out Reset
during normal operation. In these situations, following
Reset, the user can check the WRERR bit and rewrite
the location.

Interrupt flag bit EEIF of the PIR2 register is set when
write is complete. It must be cleared in the software.

EECON2 is not a physical register. Reading EECON2
will read all ‘0's. The EECON2 register is used
exclusively in the data EEPROM write sequence.
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REGISTER DEFINITIONS: DATA EEPROM CONTROL

REGISTER 10-1:

EEDAT: EEPROM DATA REGISTER

RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 RW-0 RIW-0 RIW-0
EEDAT? EEDAT6 EEDATS EEDAT4 EEDAT3 EEDAT2 EEDAT1 EEDATO

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR 1" =Bits set 0’ = Bit is cleared x = Bitis unknown

bit 7-0

REGISTER 10-2:

EEDAT<7:0> Eight Least Significant Address bits to Write to or Read from data EEPROM or Read from program

memory

EEADR: EEPROM ADDRESS REGISTER

-n = Value at POR

Bit is cleared

x = Bit is unknown

RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 RW-0 RIW-0 RIW-0
EEADR7 EEADR6 EEADRS EEADR4 | EEADR3 EEADR2 EEADR1 EEADRO

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit nimplemented bit, read as ‘0"

bit 7-0 EEADR<T:0>: Eight Least Significant Address bits for EEPROM Read/Write Operation(® or Read from program
memory
REGISTER 10-3: EEDATH: EEPROM DATA HIGH BYTE REGISTER
U0 U0 RW-0 RIW-0 RIW-0 RW-0 RIW-0 RIW-0
= = EEDATH5 | EEDATH4 | EEDATH3 | EEDATH2 EEDATH1 | EEDATHO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1" =Bits set 0’ = Bit is cleared x = Bitis unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 50 EEDATH<5:0>: Six Most Significant Data bits from program memory
REGISTER 10-4: EEADRH: EEPROM ADDRESS HIGH BYTE REGISTER
U0 U0 U0 RIW-0 RIW-0 RW-0 RIW-0 RIW-0
— — — EEADRH4™ | EEADRH3 | EEADRH2 EEADRH1 | EEADRHO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1" =Bits set 0’ = Bit is cleared x = Bitis unknown

bit 7-5
bit 4-0
Note 1:

Unimplemented: Read as ‘0’
EEADRH<4:0>: Specifies the four Most Significant Address bits or high bits for program memory reads

PIC16F886/PIC16F887 only.
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12.0 ENHANCED UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (EUSART)

The Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) module is a serial I/O
communications peripheral. It contains all the clock
generators, shift registers and data buffers necessary
to perform an input or output serial data transfer
independent of device program execution. The
EUSART, also known as a Serial Communications
Interface (SCI), can be configured as a full-duplex
asynchronous system or half-duplex synchronous
system.  Full-Duplex mode is useful for
‘communications with peripheral systems, such as CRT
terminals and personal computers. Half-Duplex
Synchronous mode is intended for communications
with peripheral devices, such as A/D or D/A integrated
circuits, serial EEPROMs or other microcontrollers.
These devices typically do not have internal clocks for
baud rate generation and require the external clock
signal provided by a master synchronous device.

The EUSART module includes the following capabilities:
- Full-duplex asynchronous transmit and receive
Two-character input buffer

« One-character output buffer

- Programmable 8-bit or 9-bit character length

« Address detection in 9-bit mode

« Input buffer overrun error detection

« Received character framing error detection

+ Half-duplex synchronous master

+ Half-duplex synchronous slave

- Programmable clock polarity in synchronous
modes

- Sleep operation

The EUSART module implements the following
additional features, making it ideally suited for use in
Local Interconnect Network (LIN) bus systems:

« Automatic detection and calibration of the baud rate

- Wake-up on Break reception

« 13-bit Break character transmit

Block diagrams of the EUSART transmitter and
receiver are shown in Figure 12-1 and Figure 12-2.

FIGURE 12-1: EUSART TRANSMIT BLOCK DIAGRAM

Data Bus
— TXE
Interrupt
TXREG Register TXIF R S
Te
"""""""""" 186 TXICK pin
.. o Pin Bufter
; and Control
_ . Transmit Shift Register (TSR) | _
TXEN
rrrrrrrrrrrrrrrrrrrrrrrrrr B B TRMT SPEN
! ‘Baud Rale Generator Fosc spall :
. . 9
! BRG16 ?" .
. )Tn» Muttiplier | x4 | x16 [x6a]
: : XD
: sy [1]x[ofo] 0|
! | sPBRGH | SPBRG BRGH [x[1[1[o] 0|
. BRG16 |x|1]o0|1]0 |,
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FIGURE 12-2. _ EUSART RECEIVE BLOCK DIAGRAM
SPEN OERR RCIDL
RXIDT pin J !  "RSRRegistr __ Lsb -
s Soniol || o s

ud Rate

| BRG16

: )Tn—— Muttiplier | x4 | x16
: swne [1]x[o
.| sPereH | spBRG BRGH |x|1|1 RCREG Register JF'FO

. BRG16 |x|1]0 |
Data Bus

RCIF
Intermy
RCIE D—V‘.

The operation of the EUSART module is controlled
through three registers:

« Transmit Status and Control (TXSTA)

« Receive Status and Control (RCSTA)

- Baud Rate Control (BAUDCTL)

These registers are detailed in Register 12-1,
Register 12-2 and Register 12-3, respectively.
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121 EUSART Asynchronous Mode

The EUSART transmits and receives data using the
standard non-return-to-zero (NRZ) format. NRZ is
implemented with two levels: a VoH mark state which
represents a ‘1’ data bit, and a VoL space state which
represents a ‘0’ data bit. NRZ refers to the fact that
consecutively transmitted data bits of the same value
stay at the output level of that bit without returning to a
neutral level between each bit transmission. An NRZ
I portidles in the mark state. Each character
consists of one Start bit followed by eight
or nine data bits and is always terminated by one or
more Stop bits. The Start bit is always a space and the
Stop bits are always marks. The most common data
format is eight bits. Each transmitted bit persists for a
period of 1/(Baud Rate). An on-chip dedicated 8-bit/16-
bit Baud Rate Generator is used to derive standard
baud rate frequencies from the system oscillator. See
Table 12-5 for examples of baud rate configurations.

The EUSART transmits and receives the LSb first. The
EUSART’s transmitter and receiver are functionally
independent, but share the same data format and baud
rate. Parity is not supported by the hardware, but can
be implemented in software and stored as the ninth
data bit.

1211 EUSART ASYNCHRONOUS
TRANSMITTER

The EUSART transmitter block diagram is shown in
Figure 12-1. The heart of the transmitter is the serial
Transmit Shift Register (TSR), which is not directly
accessible by software. The TSR obtains its data from
the transmit buffer, which is the TXREG register.

12111 Enabling the Transmitter

The EUSART transmitter is enabled for asynchronous
operations by configuring the following three control
bits:

« TXEN=1

- SYNC=0

« SPEN=1

All other EUSART control bits are assumed to be in
their default state.

Setting the TXEN bit of the TXSTA register enables the
transmitter circuitry of the EUSART. Clearing the SYNC
bit of the TXSTA register configures the EUSART for
asynchronous operation. Setting the SPEN bit of the
RCSTA register enables the EUSART and automatically
configures the TX/CK I/O pin as an output. If the TX/CK
pin is shared with an analog peripheral the analog I/O
function must be disabled by clearing the corresponding
ANSEL bit.

Note 1: When the SPEN bit is set the RX/DT /0O
pin is automatically configured as an input,
regardiess of the state of the correspond-
ing TRIS bit and whether or not the
EUSART receiver is enabled. The RX/DT
pin data can be read via a normal PORT
read but PORT latch data output is pre-
cluded.

2: The TXIF transmitter interrupt flag is set
when the TXEN enable bit is set.

12.1.1.2  Transmitting Data

A transmission is initiated by writing a character to the
TXREG register. If this is the first character, or the
previous character has been completely flushed from
the TSR, the data in the TXREG is immediately
transferred to the TSR register. If the TSR still contains
all or part of a previous character, the new character
data is held in the TXREG until the Stop bit of the
previous character has been transmitted. The pending
character in the TXREG is then transferred to the TSR
in one Tcvy immediately following the Stop bit
transmission. The transmission of the Start bit, data bits
and Stop bit sequence commences immediately
following the transfer of the data to the TSR from the
TXREG.

12.1.1.3  Transmit Interrupt Flag

The TXIF interrupt flag bit of the PIR1 register is set
whenever the EUSART transmitter is enabled and no
character is being held for transmission in the TXREG.
In other words, the TXIF bit is only clear when the TSR
is busy with a character and a new character has been
queued for transmission in the TXREG. The TXIF flag bit
is not cleared immediately upon writing TXREG. TXIF
becomes valid in the second instruction cycle following
the write execution. Polling TXIF immediately following
the TXREG write will return invalid results. The TXIF bit
is read-only, it cannot be set or cleared by software.

The TXIF interrupt can be enabled by setting the TXIE
interrupt enable bit of the PIE1 register. However, the
TXIF flag bit will be set whenever the TXREG is empty,
regardless of the state of TXIE enable bit.

To use interrupts when transmitting data, set the TXIE
bit only when there is more data to send. Clear the
TXIE interrupt enable bit upon writing the last character
of the transmission to the TXREG.
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12.1.14 TSR Status 12.1.1.6  Asynchronous Transmission Setup:
The TRMT bit of the TXSTA register indicates the 1. Initialize the SPBRGH, SPBRG register pair and
status of the TSR register. This is a read-only bit. The the BRGH and BRG16 bits to achieve the desired
TRMT bit is set when the TSR register is empty and is baud rate (see Section 12.3 “EUSART Baud
cleared when a character is transferred to the TSR Rate Generator (BRG)”).

register from the TXREG. The TRMT bit remains clear 2. Enable the asynchronous serial port by clearing
until all bits have been shifted out of the TSR register. the SYNC bit and setting the SPEN bit.

No interrupt logic is tied to this bit, so the user has to 3. If 9-bit transmission is desired, set the TX9

Ppoll this bit to determine the TSR status. control bit. A set ninth data bit wil indicate that
Note The TSR register is not mappe« data the eight Least Significant data bits are an

memory, so it is not available to the user address when the receiver is set for address
detection.
12.1.1.5  Transmitting 9-Bit Characters 4. Enable the transmission by setting the TXEN
The EUSART supports 9-bit character transmissions. control bit. This will cause the TXIF interrupt bit
When the TX9 bit of the TXSTA register is set the fo be set.
EUSART will shift nine bits out for each character trans- 5. If interrupts are desired, set the TXIE interrupt
mitted. The TX9D bit of the TXSTA register is the ninth, enable bit of the PIE1 register. An interrupt will
and Most Significant, data bit. When transmitting 9-bit occur immediately provided that the GIE and
data, the TX9D data bit must be written before writing PEIE bits of the INTCON register are also set.
the eight Least Significant bits into the TXREG. All nine 6. If 9-bit transmission is selected, the ninth bit
bits of data will be transferred to the TSR shift register should be loaded into the TX9D data bit.
immediately after the TXREG is written. 7. Load 8-bit data into the TXREG register. This
A special 9-bit Address mode is available for use with will start the transmission.
multiple receivers. See Section 12.1.2.7 “Address
Detection” for more information on the Address mode.
FIGURE 12-3: ASYNCHRONOUS TRANSMISSION
Write to TXREG Il (C
Worg 1 )J
A ] LT r LT L ( r s B | r
TXICK M . .
pin TN Startbit bit0 ] (¢ B78__Stop bit
TXIF bit : Word 1 ;
(Transmit Buffer - - 1Toy (C
Reg_ Empty Flag) 1 55
Reg. Emply Flag) ——————— (  E—
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FIGURE 12-4: ASYNCHRONOUS TRANSMISSION (BACK-TO-BACK)
Write to TXREG Il n X
BRC Quiput T v‘fom ! T W\O""Z T T
(Shift Clock) — - S §
TXICK L :
pin T\ Start bit bit0 Bit 1 § bit7/8Stopbit \Start bit bit 0
TXIF bit 1Toy = = F - Word 1 + -Word 2
(Transmit Buffer : ( —
Reg. Empty Flag) T - = 1Tcy )) T
TRMT bit Word 1 ——» —
(Transmit Shit Transmit Shift Reg L S—" Reg
Reg. Empy Fiag) —————— ‘
)
Note:  This timing diagram shows two consecutive transmissions.
TABLE 12-1: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION
Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | mito | Redister
on Page
BAUDCTL ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 159
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 32
PIE1 — ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 33
PIR1 — ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 35
RCREG EUSART Receive Data Register 155
RCSTA SPEN RX9 SREN CREN | ADDEN | FERR OERR RX9D 158
SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO 160
SPBRGH BRG15 BRG14 | BRG13 | BRG12 | BRG11 | BRG10 BRG9 BRG8 160
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 54
TXREG EUSART Transmit Data Register 150
TXSTA CSRC TX9 TXEN SYNC | SENDB | BRGH TRMT TX9D 157

Legend: x =unknown, — = unimplemented read as ‘0’. Shaded cells are not used for Asynchronous Transmission.
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UA78M 500mA, Positive-Voltage Linear Regulator
1 Features 3 Description

< Input voltage range (V|): 5.3V to 30V
« Absolute maximum input voltage:
— Legacy chip: 35V
— New chip: 45V
Fixed output voltage range (Vouyr): 3.3V to 12V
Output current (IoyT): Up to 500mA
Quiescent current lg: 4.5mA
Built-in, short-circuit current limiting and thermal
protection
« Stable without any external components
« Operating junction temperature range:
— Legacy chip C versions: 0°C to +125°C
— Legacy chip | version: —-40°C to +125°C
— New chip: —40°C to +125°C

2 Applications

Onboard charging

Washers and dryers
Residential lighting

Battery backup units (BBU)
Air conditioner outdoor units

The UA78M fixed-voltage integrated-circuit voltage
regulator is designed for a wide range of applications.
Use the UA78M for on-card regulation to attenuate
post regulation noise and distribution problems
associated with single-point regulation. The UA78M
delivers up to 500mA of output current. Additionally,
the UA78M does not need external components
for stable operation across the load current range.
The internal current-limiting and thermal-shutdown
features of this regulator help protect the device from
overload.

The UA78M is characterized for the junction
temperature range of —40°C to +125°C. Device
performance for new and legacy chips s
denoted throughout the document. See the Device
Nomenclature table for more details.

Package Information
PART NUMBER PACKAGE(") PACKAGE SIZE?
DCY (SOT-223,3)  |6.5mm x 7mm
KVU (TO-252, 3) 6.6mm x 10.11mm

UA78M

(1)  For more information, see the Mechanical, Packaging, and
Orderable Information.

(2) The package size (length x width) is a nominal value and
includes pins, where applicable.

Vin

UA78M

INPUT  OUTPUT|
Cu COMMON ur

033yF —E

W GND

Simplified Schematic

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,

intellectual property matters and other important disclaimers.

PRODUCTION DATA.
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4 Pin Configuration and Functions

3| OUTPUT 3 OUTPUT
5 8| 2=
% 2) COMMON % 58 2 COMMON
=
o o
1 INPUT 1 INPUT
Figure 4-1. DCY Package, 3-Pin SOT-223 Figure 4-2. KVU Package, 3-Pin TO-252
(Top View) (Top View)
Table 4-1. Pin Functions
PIN
TYPE DESCRIPTION
NAME NO.
COMMON 2 — Ground
Input pin. Use the recommended capacitor value as listed in the
INPUT 1 I Recommended Operating Conditions table. Place the input capacitor as
close to the INPUT and COMMON pins of the device as possible.
Output pin. Use the recommended capacitor value as listed in the
OUTPUT 3 o Recommended Operating Conditions table. Place the output capacitor as
close to the OUTPUT and COMMON pins of the device as possible.

Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 3
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5 Specifications
5.1 Absolute Maximum Ratings
over operating temperature range (unless otherwise noted)(")
MIN MAX| UNIT
. UA78M33C, UA78M331, UA78MO5C, UA78MO5I, UA78MOBC,
Input voltage, V (for Legacy Chip) UA78MOSC, UATBMO9C, UATBM10C, UAT8M12C BV
. UA78M33C, UA78M331, UA78MO5C, UA78MO5I, UA78MOSC,
Input voltage, V, (for New Chip) UA78M10C. UA78M12G 45 \
Output voltage, V,, (for New Chip) -0.3 12 \
Junction temperature, T, 150 °C
Storage temperature, Tstg —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

5.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(") 2500
Viesp) |Electrostatic discharge - — — v
Charged device model (CDM), per JEDEC specification JESD22-C101, all pins() 2000
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
5.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)(")
MIN TYP MAX| UNIT
UAT78M33C , UA78M33I (Legacy chip) 53 25
UA78M33C, UA78M33I (New chip) 53 30
UA78MO5C, UA78MO5I (Legacy chip) 7 25
UA78MO05C, UA78MO5I (New chip) 7 30
UA78MO06 (Legacy chip) 8 25
UA78MO08 (Legacy chip) 10.5 25
VIN Input voltage \%
UA78MO09 (Legacy chip) 1.5 26
UA78MO09 (New chip) 15 30
UA78M10 (Legacy chip) 125 28
UA78M10 (New chip) 125 30
UA78M12 (Legacy chip) 145 30
UAT78M12 (New chip) 145 30
Cy @ Input capacitor (3) 0.33 HF
Cour @ | Output capacitor (4 0.1 470 HF
lo Output current 500 mA
UA78MxxC (Legacy chip) 0 125
T Operating junction temperature UA78MxxI (Legacy chip) —40 125 °C
UA78MxxC , UA78MxxI (New chip) —40 125

(1)  All voltages are with respect to GND.

(2) UAT78M regulator does not need any external capacitors for LDO stability.

(3)  Aninput capacitor with value of 0.33 uF is recommended to counteract the effect of source resistance and inductance, which can in
some cases cause symptoms of system level instability such as ringing or oscillation, especially in the presence of load transients.

(4)  An output capacitor with value of 0.1 pF is recommended to improve the load and line transient performance of the UA78M regulator.

The maximum output capacitor is guaranteed by design

4 Submit Document Feedback
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5.4 Thermal Information

UA78Mxx UA78Mxx UA78Mxx UA78Mxx UA78Mxx
DCY (Legacy DCY (New KCS (Legacy | KVU (Legacy KVU (New
(1)
EHERMELMEIRIC Chip) Chip) Chip only) chip) chip) O}
3 PINS 3 PINS 3 PINS 3 PINS 3 PINS
Resa Jun.ctlon-to-amblent thermal 53 777 19 30.2 321 ccw
resistance
Re Jun.ctlon-to-case (top) thermal 306 446 17 _ 20 ccw
Jc(top) | resistance
Re Jun_ctlon-to-case (bottom) thermal _ _ 3 _ 33 ccw
Jc(ot) | resistance

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

note.

5.5 Electrical Characteristics: UA78M33 (Both Legacy and New Chip)
specified at T; = 25°C, V| =8V, Cjy = 0.33 pF, Coyt = 0.1pF, and I = 350 mA (unless otherwise noted)

PARAMETER TEST CONDITIONS() MIN TYP MAX| UNIT
Legacy chip and new chip 3.2 3.3 3.4
Output voltage \3/|5;rsx t0 20V, and lp = 5mA to T, = full range Legacy chip 3.1 33 3.5 A\
T,=-40°C to 125°C New chip 31 33 3.5
Legacy chip 9 100
lo = 200mA, Vi = 5.3V to 25V -
Output voltage line New chip 28 50 iy
regulation Legacy chip 50
Io = 200mA, V= 8V to 25V
New chip 20
I = 100mA, T, = full .
range Legacy chip 62
lo=100mA, Ty=— i
Ripple rejection Vi =8V to 18V, f = 120Hz 20°C to 125°C New chip 57 dB
Legacy chi 62 80
Io = 300mA gacy chip
New chip 56 62
Output voltage load V| =8V and Ip = 5mA to Legacy chip 20 100 v
regulation 500mA New chip 20 40
ici T,y = full range Legacy chi -1
Temperature coefficient of Io = 5mA J g gacy chip mVeC
output voltage T;=-40°C to 125°C  |New chip -1
Legacy chip 40 200
Output noise voltage f=10 Hz to 100 KHz - MVims
New chip 80 200
Dropout voltage Legacy chip and new chip 20 \Y
Legacy chi 45 6
Bias current gacy mA
New chip 3.5 45 6
T, = full range Legacy chip 0.8
V) = 8V to 25V, I = 200mA -
T,=-40°C to 125°C New chip 0.8
Bias current change mA
T, = full range Legacy chip 0.5
lo =5 mA to 350mA
T,=-40°C to 125°C New chip 0.5
Short-circuit output Vi =35v Legacy chip 300 A
current V= 30V New chip 400
Legacy chip 700
Peak output current mA
New chip 735

(1) Pulse-testing techniques maintain T, as close to Ta as possible. Thermal effects must be taken into account separately.

Copyright © 2025 Texas Instruments Incorporated
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6 Detailed Description
6.1 Overview

The UA78M fixed-voltage, integrated-circuit voltage regulator is designed for a wide range of applications. The
UA78M supports a wide range of input voltages and delivers 500mA of load current.

This device features internal current-limiting and thermal shutdown mechanisms. To provide reliable operation
across wide V, ranges, the current-limiting mechanism modulates the load current capacity both by monitoring
the Vg level and the difference between the V| and Vg voltage levels. The operating ambient temperature range
of the device is —40°C to +125°C for all variants.

6.2 Functional Block Diagram

INPUT
Voltage
Reference
+ E
Over Current | | Temperature H
Protection Protection
OUTPUT
i COMMON

6.3 Feature Description
6.3.1 Current Limit

The device has an internal current-limit circuit that protects the regulator during transient high-load current faults
or shorting events. In a high-load current fault, the current limit scheme limits the output current to the current
limit (IcL). Iy is listed in the Electrical Characteristics table.

The output voltage is not regulated when the device is in current limit. When a current-limit event occurs, the
device begins to heat up because of the increase in power dissipation. When the device is in current limit, the
pass transistor dissipates power [(V| — Vo) x Ic ]. For more information on current limits, see the Know Your
Limits application note.

Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 13
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7 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

7.1 Application Information

The UA78M is designed for use as a linear regulator with only a few external components needed. Use the
UA78M to clean power-supply noise by attenuating ripple on the input signal.

7.2 Typical Application
The UA78M is typically used as a fixed-output linear regulator, sourcing current up to 500mA into a load.

UA78M
Vin Vour
o—e¢—INPUT OUTPUT|———e9—o
Cn _I COMMON _1l  Cour
0.33uF —— — 0.1pF
GND

Figure 7-1. Fixed-Output Regulator

7.2.1 Design Requirements
Tie the COMMON pin to ground to set the OUTPUT pin to the desired fixed output voltage.

Although not required, a 0.33uF bypass capacitor is recommended on the input, and a 0.1uF bypass capacitor is
recommend on the output.

7.2.2 Detailed Design Procedure
7.2.2.1 Input and Output Capacitor Requirements

Although the input and output capacitors are not required for stability, good analog design practice is to connect
a capacitor from INPUT to COMMON and from OUTPUT to COMMON. The input capacitor counteracts reactive
input sources and improves transient response, input ripple, and PSRR. Use an input capacitor if the source
impedance is more than 0.5Q. A higher value capacitor can be necessary if large, fast rise-time load or line
transients are anticipated or if the device is located several inches from the input power source.

Dynamic performance of the device is improved by using a large output capacitor. Use an output capacitor within
the range specified in the Recommended Operating Conditions table for stability.

7.2.2.2 Power Dissipation (Pp)

Circuit reliability requires consideration of the device power dissipation, location of the circuit on the printed
circuit board (PCB), and correct sizing of the thermal plane. Make sure the PCB area around the regulator has
few or no other heat-generating devices that cause added thermal stress.

To first-order approximation, power dissipation in the regulator depends on the input-to-output voltage difference
and load conditions. The following equation calculates power dissipation (Pp).

16 Submit Document Feedback Copyright © 2025 Texas Instruments Incorporated
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Pp=(Vi=Vo) X lo 1)
Note

Power dissipation is minimized, and therefore greater efficiency be achieved, by correct selection of
the system voltage rails. For the lowest power dissipation, use the minimum input voltage required for
correct output regulation.

For devices with a thermal pad, the primary heat conduction path for the device package is through the thermal
pad to the PCB. Solder the thermal pad to a copper pad area under the device. This pad area contains an array
of plated vias that conduct heat to additional copper planes for increased heat dissipation.

The maximum power dissipation determines the maximum allowable ambient temperature (T4) for the device.
According to the following equation, power dissipation and junction temperature are most often related by the
junction-to-ambient thermal resistance (Rgya) of the combined PCB and device package and the temperature of
the ambient air (Tp).

Ty =Ta+ (Resa * Pp) (2)

Thermal resistance (Rgya) is highly dependent on the heat-spreading capability built into the particular PCB
design, and therefore varies according to the total copper area, copper weight, and location of the planes.
The junction-to-ambient thermal resistance listed in the Thermal Information table is determined by the JEDEC
standard PCB and copper-spreading area, and is used as a relative measure of package thermal performance.
As mentioned in the An empirical analysis of the impact of board layout on LDO thermal performance application
note, Rgya is improved by 35% to 55% compared to the Thermal Information table value with the PCB board
layout optimization.

7.2.2.3 Estimating Junction Temperature

The JEDEC standard now recommends the use of psi (W) thermal metrics to estimate the junction temperatures
of the linear regulator when in circuit on a typical PCB board application. These metrics are not thermal
resistance parameters and instead offer a practical and relative way to estimate junction temperature. These
psi metrics are determined to be significantly independent of the copper area available for heat-spreading.
The Thermal Information table lists the primary thermal metrics, which are the junction-to-top characterization
parameter (w,7) and junction-to-board characterization parameter (y,g). These parameters provide two methods
for calculating the junction temperature (T,), as described in the following equations. Use the junction-to-top
characterization parameter (w,r) with the temperature at the center-top of device package (Tt) to calculate
the junction temperature. Use the junction-to-board characterization parameter (wyg) with the PCB surface
temperature 1mm from the device package (Tg) to calculate the junction temperature.

Ty=Tr+ysr*xPp (3)

where:
* Ppis the dissipated power
« Ty is the temperature at the center-top of the device package
Ty=Te+yu*Pp (4)

where:

« Tgis the PCB surface temperature measured 1mm from the device package and centered on the package
edge

For detailed information on the thermal metrics and how to use them, see the Semiconductor and IC Package
Thermal Metrics application note.

Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 17
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7.2.2.4 External Capacitor Requirements

The UA78M is designed to be stable without any external component. Multilayer ceramic capacitors have
become the industry standard for these types of applications and are recommended, but use good judgment.
Ceramic capacitors that employ X7R-, X5R-, and COG-rated dielectric materials provide relatively good
capacitive stability across temperature, whereas the use of Y5V-rated capacitors is discouraged because of
large variations in capacitance.

Regardless of the ceramic capacitor type selected, the effective capacitance varies with operating voltage and
temperature. Generally, expect the effective capacitance to decrease by as much as 50%. The input and output
capacitors recommended in the Recommended Operating Conditions table account for an effective capacitance
of approximately 50% of the nominal value.

7.2.2.5 Overload Recovery

As the input voltage rises when power is first turned on, the output follows the input, allowing the regulator to
start up into very heavy loads. The input-to-output voltage differential is small during start up when the input
voltage is rising, allowing the regulator to supply large output currents. With a high input voltage, a problem
occurs where removing an output short does not allow the output voltage to recover. Other regulators also
exhibit this phenomenon, so the behavior is not unique to the UA78M.

The problem occurs with a heavy output load when the input voltage is high and the output voltage is low.
Common situations occur immediately when removing a short circuit after the input voltage is already turned on.
The load line for such a load has the possibility to intersect the output current curve at two points. If this condition
happens, there are two stable output operating points for the regulator. With this double intersection, the input
power supply is potentially cycled down to zero and brought up again to make the output recover to the desired
voltage operating point.

7.2.2.6 Reverse Current

Excessive reverse current can damage this device. Reverse current flows through the emitter-base junction of
the pass transistor instead of the normal conducting channel. At high magnitudes, this current flow degrades the
long-term reliability of the device.

Conditions where reverse current can occur are outlined in this section, all of which can exceed the absolute
maximum rating of Vg <V, + 7V. These conditions are:

« If the device has a large Coyt and the input supply collapses with little or no load current
« The output is biased when the input supply is not established
« The output is biased above the input supply

If reverse current flow is expected in the application, use external protection to protect the device. Reverse
current is not limited in the device, so external limiting is required if extended reverse voltage operation is
anticipated. Limit reverse current to 5% or less of the rated output current of the device in the event this current
cannot be avoided.

18 Submit Document Feedback Copyright © 2025 Texas Instruments Incorporated
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Figure 7-2 shows one approach for protecting the device.
Schottky Diode

<

Internal Body Diode
INPUT] }‘ JOUTPUT
C ] Cour
I COMMON I
— GND — GND

— GND

Figure 7-2. Example Circuit for Reverse Current Protection Using a Schottky Diode

7.2.2.7 Polarity Reversal Protection

In many applications, a voltage regulator powers a load that is not connected to ground, but instead, is
connected to a voltage source of the opposite polarity (for example, operational amplifiers, level-shifting circuits,
and so on). During start-up and short-circuit events, this connection can lead to polarity reversal of the regulator

output and can damage the internal components of the regulator.
To avoid polarity reversal on the regulator output, use external protection to protect the device.

Figure 7-3 shows one approach for protecting the device.

+Vo
e INPUT OUTPUT]| *+
Cin Cour
T COMMON T
Schottky
Diode Vo
— GND

Figure 7-3. Example Circuit for Polarity Reversal Protection Using a Schottky Diode
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TLO07xx Low-Noise FET-Input Operational Amplifiers

1 Features

« High slew rate: 20 V/ps (TLO7xH, typ)
+ Low offset voltage: 1 mV (TLO7xH, typ)
+ Low offset voltage drift: 2 pv/°C
+ Low power consumption: 940 pA/ch (TLO7xH, typ)
+ Wide common-mode and differential
voltage ranges
— Common-mode input voltage range
includes Vg
+ Low input bias and offset currents
« Low noise:
V, = 18 nVHZ (typ) at f = 1 kHz
« Output short-circuit protection
+ Low total harmonic distortion: 0.003% (typ)
+ Wide supply voltage:
+225Vt0+20V,45Vio40V

2 Applications

« Solar energy: string and central inverter

* Motor drives: AC and servo drive control and
power stage modules

« Single phase online UPS

+ Three phase UPS

Pro audio mixers

« Battery test equipment

3 Description

The TLO7xH (TLO71H, TLO72H, and TLO74H) family
of devices are the next-generation versions of the
industry-standard TLO7x (TLO71, TLO72, and TLO74)
devices. These devices provide outstanding value for
cost-sensitive applications, with features including low
offset (1 mV, typical), high slew rate (20 V/ps), and
common-mode input to the positive supply. High ESD
TLO71

(1.5 kV, HBM), integrated EMI and RF filters, and
operation across the full -40°C to 125°C enable the
TLO7xH devices to be used in the most rugged and
demanding applications.

Package Information

PARTNUMBER") |  PACKAGE BODY SIZE (NOM)
P (PDIP, 8) 959 mm x 6.35 mm
DCK (SC70,5)  |2.00 mm x 1.25 mm
TLO71x PS (SO, 8) 620 mm x 5.30 mm
D (SOIC, 8) 4.90 mm x 3.90 mm
DBV (SOT-23,5) |1.60 mm x 1.20 mm
P (PDIP, 8) 959 mm x 6.35 mm
PS (SO, 8) 620 mm x 5.30 mm
TLO72x D (SOIC, 8) 4.90 mm x 3.90 mm
P (SOT23,8) 2.90 mm x 1.60 mm
PW (TSSOP,8)  |4.40 mm x 3.00 mm
JG (CDIP, 8) 959 mm x 6,67 mm
TLO72M W (CFP, 10) 6.12 mm x 356 mm
FK(LCCC,20)  |8.89 mm x 8.89 mm
N (PDIP, 14) 19.30 mm x 6.35 mm
NS (SO, 14) 10.30 mm x 5.30 mm
TLo7ax D (SOIC, 14) 865mm x 391 mm
DYY (SOT-23, 14) [4.20 mm x 2.00 mm
DB (SSOP, 14)  |6.20 mm x 5.30 mm
PW (TSSOP, 14) |5.00 mm x 4.40 mm
J(CDIP, 14) 1956 mm x 6.92 mm
TLO74M W (CFP, 14) 921 mm x 629 mm
FK(LCCC,20)  |8.89 mm x 8.89 mm

(1) Forall available packages, see the orderable addendum at
the end of the data sheet.

TL072 (each amplifier)

OFFSET N1 TLO74 (each amplifier)
IN+ ——] IN+ *
out out
IN- IN- -
OFFSET N2 Copyright © 2017, Texas Instruments Incorporated
Logic Symbols

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

A ) A )
(o) (¢]
out 1 5 Ve IN+ 1 5 Ve
V- 2 V- 2
IN+ 3 4 IN- IN- 3 4 out
~—— ~——
Not to scale Not to scale
Figure 5-1. TLO71H DBV Package, Figure 5-2. TL071H DCK Package,
5-Pin SOT-23 5-Pin SC70
(Top View) (Top View)
NC NC
IN- VCC+
IN+ out
vee- NC
Not to scale
NC- no interal connection
Figure 5-3. TLO71H D Package,
8-Pin SOIC
(Top View)
Table 5-1. Pin Functions: TLO71H
PIN
o DESCRIPTION
NAME DBV DCK D
IN- 4 3 2 ] Inverting input
IN+ 3 1 3 | Noninverting input
NC — — 8 — | Do not connect
NC — — 1 — | Do not connect
NC — — 5 — | Do not connect
ouT 1 4 6 O |output
VCC- 2 2 4 —  |Power supply
VCC+ 5 5 7 —  |Power supply
Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 5
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NC- no internal connection

OFFSET N1 NC
IN- VCC+
IN+ out
vee- OFFSET N2

Not to scale

Figure 5-4. TL071x D, P, and PS Package,
8-Pin SOIC, PDIP, and SO

(Top View)
Table 5-2. Pin Functions: TL0O71x
PIN
NANE o o DESCRIPTION
IN- 2 | Inverting input
IN+ 3 | Noninverting input
NC 8 — Do not connect
OFFSET N1 1 — Input offset adjustment
OFFSET N2 5 — Input offset adjustment
out 6 o Output
VCC— 4 — Power supply
VCC+ 7 — Power supply
6 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated
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10UT VeC+
1IN- 20UT
1IN+ 2IN-
vee- 2N+
Not to scale
Figure 5-5. TL072x D, DDF, JG, P, PS, and PW Package,
8-Pin SOIC, SOT-23, CDIP, PDIP, SO, and TSSOP
(Top View)
Table 5-3. Pin Functions: TL072x
PIN
o DESCRIPTION
NAME NO.
1IN- 2 1 Inverting input
1IN+ 3 ] Noninverting input
10UT 1 o Output
2IN- 6 | Inverting input
2IN+ 5 | Noninverting input
20UT 7 o Output
VCC— 4 — Power supply
VCC+ 8 — Power supply

Copyright © 2023 Texas Instruments Incorporated
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NG NG
10uT VCC+
1IN- 20UT
1IN 2IN-
vee- 2N+
NC- no internal connection
Figure 5-6. TL072x U Package,
10-Pin CFP
(Top View)
Table 5-4. Pin Functions: TL072x
PIN
o DESCRIPTION
NAME NO.
1IN- 3 | Inverting input
1IN+ 4 ] Noninverting input
10UT 2 o Output
2IN- 7 | Inverting input
2IN+ 6 | Noninverting input
20UT 8 o Output
NC 1,10 — Do not connect
VCC— 5 — Power supply
VCC+ 9 — Power supply
8 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated
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6 Specifications
6.1 Absolute Maximum Ratings
over operating ambient temperature range (unless otherwise noted) (1)
MIN max| uNIT
Supply voltage, Ve = (v4)— (Vo) AllNS and PS packages; All TLO7xM devices 03 36| v
upply voltage, Vs = (V+) - (V-)
pply voltage. Vs ‘All other devices ) 2 v
AIlNS and PS packages; All TLO7xM devices (Vo) -03 voy+3s Vv
‘Common-mode voltage 3
Al other devices (v-)-05 V05 v
AllNS and PS packages; All TLO7xM devices
N & packag (v-)-03 (voy+38 v
Signal input pins Differential voltage ¥
Al other devices Vs+02| v
AllNS and PS packages; All TLO7xM devices 50 mA
Current @)
Al other devices —10 10 ma
Output short-circuit 2 Continuous
Operating ambient temperature, To 55 150] °C
Junction temperature, T, 150] °c
Case temperature for 60 seconds - FK package 260 °C
Lead temperature 1.8 mm (1/16 inch) from case for 10 seconds 300[ °c
Storage temperature, Toig 65 150] °c

()

)
@)

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device

reliability.

Short-circuit to ground, one amplifier per package.
Input pins are diode-clamped to the power-supply rails. Input signals that can swing more than 0.5 V beyond the supply rails must be

current limited to 10 mA or less.

(4) Differential voltage only limited by input voltage.
6.2 ESD Ratings
VALUE UNIT
Human-body model (HBM), per ANS/ESDA/JEDEC JS-001(1) +2000
V(esp) Electrostatic discharge — - v
Charged-device model (CDM), per JEDEC specification JESD22-C101 @) +1000
(1)  JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2)  JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating ambient temperature range (unless otherwise noted)
MIN MAX UNIT
AlINS 2nd PS packages; Al TLOTXM 10 20 v
Vs Supply voltage, (V+) - (V-) levices
All other devices 45 40 v
AIINS and PS packages; All TLOTXM Vo2 w01 v
v, Input voltage range devices
All other devices (V)4 (V) +0.1 v
TLO7XM 55 125 “c
TLO7XH —40 125 “c
Ta ‘Specified temperature
TLO7XI —40 85 “c
TLO7XC o 70 “c

()

V+and V- are not required to be of equal magnitude, provided that the total Vs (V+ — V-) is between 10 V and 30 V.

12
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6.7 Electrical Characteristics: TLO7xH

For Vs = (Vees) — (Vo) = 4.5 V 10 40 V (#2.25 V to 420 V) at T = 25°C, Ry = 10 kQ connected to Vs / 2, Ve = Vs / 2, and
Vo ut = Vs / 2, unless otherwise noted.

PARAMETER [ TEST CONDITIONS MIN TP maAx|  UNIT
OFFSET VOLTAGE
B 4
Vos Input offset voltage T rcwiEe =™
QVog/dT | Input offset voltage arift Ta=—40°C to 125°C 2 Wi
PSRR ';‘g’;:;;'g::;;“""ge versus ‘2’5 =5V1040V.Veu=Vs/ |1, - 40:C to 125% 21 0| pvv
Channel separation 0Hz 10 W
INPUT BIAS CURRENT
B s120]  pA
s Input bias current DCK and DBV packages g 300 pA
Ta=—40°C to 125°C ) 5| A
05 120]  pA
los Input offset current DCK and DBV packages 05 1250  pA
Ta=—40Cto125°C (" 5 nA
NOISE
En Input voltage noise 0.1 Hzto 10 Hz 92 WVee
14 Waws
1kHz 37 -
en Input votage nise density |-— - - nVAFZ
in Input current noise 1kHz 80 TANAZ
INPUT VOLTAGE RANGE
Veu oo mode votage (Vee)+15 Veed| Vv
Vs=40V, (Voo ) + 25V < 100 105 a8
P Common-mode rejection | Vo < (Vees) ~ 15V Ta=—40°C to 125°C 9 [
ratio Vs=40V, (Voo ) + 25V < % 105 a8
Vem < (Vees) Ta=-40°C to 125°C 80 B
INPUT CAPACITANCE
Zo Differentil 10012 MO |[pF
Ziow Common-mode 611 TallpF
OPEN-LOOP GAIN
V5=40V, Vou=Vs/2,
AL Open-oop voltage gain | (Vee) + 0.3V < Vo < (Vocs) | Ta=—40°C to 125° 118 125 @B
- 03V
V5 =40V, Voy=Vs/2,R. =
AL Open-oop voltage gain 20, (Veg) + 1.2V < Vo< |Ta=—40°C 0 125°C 115 120 @B
(Veeo) - 12V
FREQUENCY RESPONSE
GBW Gain-banawidth product 525 MHz
SR Slew rate V5=40V,G=+1,C_= 20 pF 20 Vips
T00.1%, Vs =40 V, Vsrep = 10V, G = +1, CL = 20 pF 063
T00.1%, Vs =40V, Vsrep =2V, G = +1, CL = 20 pF 056
ts Settling time us
T00.01%, Vs =40V, Vgrep = 10V, G = +1, CL = 20 pF 0.1
T00.01%, Vs =40V, Vsrep =2V, G = +1, CL = 20 pF 048
Phase margin G=+1,R.=10kQ, C_= 20 pF 56 B
Overload recovery time | Vi x gain > Vs 300 ns
THDN | JotaI Ramonic dIStOMion + |y - 40V, Vo = 6 Vs, G = +1, 1= 1 kHzZ 000012 [3
EMIRR | EMI rejection ratio 1 GHz 53 @B
ouTPUT
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6.7 Electrical Characteristics: TLO7xH (continued)

For Vs = (Vccs) = (Vec-) =4.5 V10 40 V (2.25 V to 20 V) at Ta = 25°C, R = 10 kQ connected to Vs / 2, Ve = Vs / 2, and
Vo ut = Vs / 2, unless otherwise noted.
PARAMETER TEST CONDITIONS [T TP max|  uNIT
Positive rail headroom VooV R Z10KD o 20
Voltage output swing from Vs =40V, R =2kQ 520 EX -
rail Vs=40V,RL=10kQ 105 215
Negative rail headroom
Vs=40V,R =2kQ 500 1030
Isc ‘Shortcircut current 26 mA
Clom Capacitive load drive 300 oF
Z0 m{_f;o"'pm MHz, 10=0 A 125 a
POWER SUPPLY
1,=0A 9375 1125
10=0A, (TLO71H) 960 1156
o grn:‘upe“sﬁc;m curentper ooy e
10=0A, (TLOT2H) Ta=—40°C 10 125°C 1143
10=0A, (TLO71H) 1160
Turn-On Time AUTA=25°C, Vs = 40 V, Vs ramp rate > 0.3 V/pss 60 us

(1) Max lg and los data is specified based on characterization results.
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7 Parameter Measurement Information

out

Cp=100 pF RL=2kQ

Figure 7-1. Unity-Gain Amplifier

10 kQ

out

I CL =100 pF

Figure 7-2. Gain-of-10 Inverting Amplifier

out

Vee-
Figure 7-3. Input Offset-Voltage Null Circuit
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8 Detailed Description
8.1 Overview

The TLO7xH (TLO71H, TLO72H, and TLO74H) family of devices are the next-generation versions of the industry-
standard TLO7x (TLO71, TLO72, and TL074) devices. These devices provide outstanding value for cost-sensitive
applications, with features including low offset (1 mV, typical), high slew rate (20 V/us, typical), and common-
mode input to the positive supply. High ESD (2 kV, HBM), integrated EMI and RF filters, and operation across
the full -40°C to 125°C enable the TLO7xH devices to be used in the most rugged and demanding applications.

The C-suffix devices are characterized for operation from 0°C to 70°C. The I-suffix devices are characterized
for operation from -40°C to +85°C. The M-suffix devices are characterized for operation over the full military
temperature range of -55°C to +125°C.

8.2 Functional Block Diagram

“ o O

Vamst Class AB
Control +—0 v,
Circuitry

V-
(Ground)

Reference
Current

The TLO7xH family of devices improve many specifications as compared to the industry-standard TLO7x family.
Several comparisons of key specifications between these families are included in the following sections to show
the advantages of the TLO7xH family.

8.3.1 Total Harmonic Distortion

8.3 Feature Description

Harmonic distortions to an audio signal are created by electronic components in a circuit. Total harmonic
distortion (THD) is a measure of harmonic distortions accumulated by a signal in an audio system. These
devices have a very low THD of 0.003% meaning that the TLO7x device adds little harmonic distortion when
used in audio signal applications.

8.3.2 Slew Rate

The slew rate is the rate at which an operational amplifier can change the output when there is a change on the
input. These devices have a 20-V/us slew rate.

8.4 Device Functional Modes

These devices are powered on when the supply is connected. These devices can be operated as a single-supply
operational amplifier or dual-supply amplifier depending on the application.
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9 Application and Implementation

Note

Information in the following applications sections is not part of the TI component specification,
and Tl does not warrant its accuracy or completeness. TlI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

9.1 Application Information

A typical application for an operational amplifier is an inverting amplifier. This amplifier takes a positive voltage
on the input, and makes the voltage a negative voltage. In the same manner, the amplifier makes negative
voltages positive.
9.2 Typical Application

RF

RI Vsup+

Lo Vour

+

Vin

Vsup-

Figure 9-1. Inverting Amplifier

9.2.1 Design Requirements

The supply voltage must be selected so the supply voltage is larger than the input voltage range and output
range. For instance, this application scales a signal of 0.5 V to #1.8 V. Setting the supply at £12 V is sufficient
to accommodate this application.

9.2.2 Detailed Design Procedure
Vo = (Vi+Vio) x (1+3) 1)

Determine the gain required by the inverting amplifier:

-2 @

@®)

Once the desired gain is determined, select a value for Rl or RF. Selecting a value in the kilohm range is
desirable because the amplifier circuit uses currents in the milliamp range. This ensures the part does not draw
too much current. This example uses 10 kQ for Rl which means 36 kQ is used for RF. This is determined by
Equation 4.

ay= -5 @
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9.2.3 Application Curve

15 A ——VIN

_ 7\
N\

\ / \ /
\% vV

-2 T T T 1
0 0.5 1.5 2

1,
Time (ms)

Figure 9-2. Input and Output Voltages of the Inverting Amplifier
9.3 Unity Gain Buffer

1TLO72

VIN —( vout

4 10kQ

= 1y

==

(Copyright © 2017, Texas Insiruments Incorporated

Figure 9-3. Single-Supply Unity Gain Amplifier

9.3.1 Design Requirements

* Ve must be within valid range per Recommended Operating Conditions. This example uses a value of 12V
for Vee.

+ Input voltage must be within the recommended common-mode range, as shown in Recommended Operating
Conditions. The valid common-mode range is 4 V to 12V (Voc_ + 4 V to Vees).

« Output is limited by output range, which is typically 1.5V to 10.5V, or Vgc_ + 1.5 Vto Vger — 1.5 V.

9.3.2 Detailed Design Procedure

+ Avoid input voltage values below 1V to prevent phase reversal where output goes high.
+ Avoid input values below 4 V to prevent degraded Vg that results in an apparent gain greater than 1. This
may cause instability in some second-order filter designs.

34 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TLO71 TLO71A TLO71B TLO71H TLO72 TLO72A TLO72B TLO72H TLO72M TL074 TLO74A
TLO74B TLO74H TLO74M




image205.png
I3 TEXAS
INSTRUMENTS
‘www.ti.com

TLO071, TLO71A, TLO71B, TLO71H

TL072, TLO72A, TL072B, TLO72H, TL072M
TL074, TLO74A, TL074B, TLO74H, TL074M
SLOS080V — SEPTEMBER 1978 — REVISED APRIL 2023

9.3.3 Application Curves

12 15
10 1 \
8 05
= s ‘
5 e S o
2 E
4 05
2 -1
o -15
2 4 6 8 10 12
0 2 4 V|N6(V' 8 10 12 VIN (V)
Figure 9-4. Output Voltage vs Input Voltage Figure 9-5. Gain vs Input Voltage
9.4 System Examples
Rg =100 kQ
. Veer
33k N Output Input $—— Output
[ Shove,
Vee-
Cp=3.3uF S 1KQ
R1=R2=2R3=1.5MQ
) C1:C2:%:110pF
1 i . ! 1kH.
o ReCp L - o= 2xrict KHZ
Figure 9-6. 0.5-Hz Square-Wave Oscillator Figure 9-7. High-Q Notch Filter
e s Wy veer
‘- |
IN- L
e vy
i out
o
IN+

Figure 9-8. 100-kHz Quadrature Oscillator

Figure 9-9. AC Amplifier
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9.5 Power Supply Recommendations

CAUTION

Supply voltages larger than 36 V for a single-supply or outside the range of 18 V for a dual-supply
can permanently damage the device (see Section 6.1).

Place 0.1-uF bypass capacitors close to the power-supply pins to reduce errors coupling in from noisy or
high-impedance power supplies. For more detailed information on bypass capacitor placement, see Section 9.6.

9.6 Layout
9.6.1 Layout Guidelines

For best operational performance of the device, use good PCB layout practices, including:

« Noise can propagate into analog circuitry through the power pins of the circuit as a whole, as well as the
operational amplifier. Bypass capacitors are used to reduce the coupled noise by providing low impedance
power sources local to the analog circuitry.

— Connect low-ESR, 0.1-pF ceramic bypass capacitors between each supply pin and ground, placed as
close to the device as possible. A single bypass capacitor from V. to ground is applicable for single-
supply applications.

+ Separate grounding for analog and digital portions of circuitry is one of the simplest and most-effective
methods of noise suppression. One or more layers on multilayer PCBs are usually devoted to ground planes.
A ground plane helps distribute heat and reduces EMI noise pickup. Take care to physically separate digital
and analog grounds, paying attention to the flow of the ground current.

+ To reduce parasitic coupling, run the input traces as far away from the supply or output traces as possible. If it
is not possible to keep them separate, it is much better to cross the sensitive trace perpendicular as opposed
to in parallel with the noisy trace.

+ Place the external components as close to the device as possible. Keeping RF and RG close to the inverting
input minimizes parasitic capacitance. For more information, see Section 9.6.2.

+ Keep the length of input traces as short as possible. Always remember that the input traces are the most
sensitive part of the circuit.

+ Consider a driven, low-impedance guard ring around the critical traces. A guard ring can significantly reduce
leakage currents from nearby traces that are at different potentials.
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9.6.2 Layout Example

Place components close to

device and to each other to
reduce parasitic errors

Run the input traces as far
away from the supply lines
as possible

VCC+

RIN !
[l R g W |
Only needed for | | H
dual-supply 1 I I ;
operation ! 4)
| GND | V8-
1271 (or GND for single supply) vout

%]

Use low-ESR, ceramic
bypass capacitor

/

Ground (GND) plane on another layer

Figure 9-10. Operational Amplifier Board Layout for Noninverting Configuration

RIN
VIN—AN—— +

= RF

—s—VOUT

Figure 9-11. Operational Amplifier Schematic for Noninverting Configuration
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LM340, LM340A and LM7805 Family Wide V), 1.5-A Fixed Voltage Regulators

1 Features
* Output Currentup to 1.5 A
« Available in Fixed 5-V, 12-V, and 15-V Options

« Output Voltage Tolerances of +2% at T, = 25°C
(LM340A)

« Line Regulation of 0.01% / V of at 1-A Load
(LM340A)

* Load Regulation of 0.3% / A (LM340A)

« Internal Thermal Overload, Short-Circuit and SOA
Protection

« Available in Space-Saving SOT-223 Package
« Output Capacitance Not Required for Stability

2 Applications

« Industrial Power Supplies

* SMPS Post Regulation

* HVAC Systems

« AC Inventors

« Test and Measurement Equipment

« Brushed and Brushless DC Motor Drivers
« Solar Energy String Invertors

Available Packages

Pin 1. Input
2. Ground
3. Output 2
Tab/Case is Ground or Output )

—\ T03 TO-220
1
Q 2 3
i !' T0-263

12y 23

3 Description

The LM340 and LM7805 Family monolithic 3-terminal
positive voltage regulators employ internal current-
limiting, thermal shutdown and safe-area
compensation, making them essentially indestructible.
If adequate heat sinking is provided, they can deliver
over 1.5-A output current. They are intended as fixed
voltage regulators in a wide range of applications
including local (on-card) regulation for elimination of
noise and distribution problems associated with
single-point regulation. In addition to use as fixed
voltage regulators, these devices can be used with
external components to obtain adjustable output
voltages and currents.

Considerable effort was expended to make the entire
series of regulators easy to use and minimize the
number of external components. It is not necessary to
bypass the output, although this does improve
transient response. Input bypassing is needed only if
the regulator is located far from the filter capacitor of
the power supply.

LM7805 is also available in a higher accuracy and
better performance version (LM340A). Refer to
LM340A specifications in the LM340A Electrical
Characterisitcs table.

Device Information("
PACKAGE BODY SIZE (NOM)
DDPAK/TO-263 (3) | 10.18 mm x 8.41 mm

PART NUMBER

LM340x SOT-223 (4) 6.50 mm x 3.50 mm
LM7805 Family | 70-220 (3) 14.986 mm x 10.16 mm
TO-3 (2) 38.94 mm x 25.40 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Fixed Output Voltage Regulator

INPUT QuTPUT
| —o—
GND
cr* s
0.22 F —y— — 2

‘Copyrignt 2016, Texas nstuments Inorporatad

*Required if the regulator is located far from
the power supply filter.

**Although no output capacitor is needed
for stability, it does help transient response.
(If needed, use 0.1-pF, ceramic disc).

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

LM7805 and LM7812 KTT Package

3-Pin DDPAK/TO-263 LM7805 DCY Package
Top View 4-Pi_n SOT-223
Side View

INPUT

[ ouTPUT .

TAB IS GND & 4—— GND

b=

GND [ 13GND OUTPUT
[TINPUT

LM340K-5.0 NDS Package

2-Pin TO-3
Top View
LM7805, LM7812, and LM7815 NDE Package
3-Pin TO-220
Top View GROUND
(CASE)
GND | —————ouTPuT

O =

Pin Functions

WPINT o DESCRIPTION

INPUT 1 I Input voltage pin

GND 2 110 Ground pin

OUTPUT 3 o Output voltage pin

Copyright © 2000-2016, Texas Instruments Incorporated Submit Documentation Feedback 3

Product Folder Links: LM340 LM340A LM7805 LM7812 LM7815




image210.png
13 TEXAS
INSTRUMENTS
LM340, LM340A, LM7805, LM7812, LM7815

www.ti.com SNOSBTOL —FEBRUARY 2000—REVISED SEPTEMBER 2016

6.5 LM340A Electrical Characteristics,
Vo=5V,V,=10V
lour = 1 A, 0°C < T, < 125°C (LM340A) unless otherwise specified "

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
T,=25°C 4.9 5 5.1 \
Vo Output voltage Pp<15W,5mA<Ig<s1A 4.8 5.2 v
75V<V<20V
75VsVys20 |Ty=25C 3 10 mv
v Over temperature, o = 500 mA 10 mV
AVo Line regulation
T,=25°C 4 mV
8VsVy<12V
Over temperature 12 mV
5mAs<ips15A 10 25 mV
T,=25C
AVo Load regulation 250 mA < Ip < 750 mA 15 mV
Over temperature, 5mA<lg< 1A 25 mV
. T,=25°C 6 mA
la Quiescent current
Over temperature 6.5 mA
T,=25°C,lo=1A 08
mA
75V<V<20V
Alg g::ﬁ::em current Over temperature, 5mA<lp< 1A 0.5 mA
Over temperature, I = 500 mA 0.8 A
m
8V<Vy<25V
Vn Output noise voltage Ta=25°C, 10 Hz < f < 100 kHz 40 uv
AVin =120 Hz T,=25°C,,lo=1A 68 80 B
AVout Ripple rejection 8V<Vy<18 68
\Y Over temperature, o = 500 mA dB
Dropout voltage T,=25°C,Ip=1A 2 \%
Output resistance f=1kHz 8 me
Ro Short-circuit current T,=25°C 21 A
Peak output current T,=25°C 24 A
Average TC of Vo Min, T, =0°C, Ip =5 mA -0.6 mV/°C
Vi Input voltage required to T,=25°C 75 Vi

maintain line regulation

(1) All characteristics are measured with a 0.22-uF capacitor from input to ground and a 0.1-uF capacitor from output to ground. All
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty < 10 ms, duty cycle < 5%).
Output voltage changes due to changes in internal temperature must be taken into account separately.
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6.6 LM340 / LM7805 Electrical Characteristics,
Vo=5V,V,=10V
0°C = T, < 125°C unless otherwise specified "
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
T,=25°C,5mAs<lo<1A 4.8 5 52 \
Vo Output voltage Pp<15W,5mAs<lp<s1A 475 5.25 v
75V<Vy<20V
T,=25°C 3 50
mvV
7V < V) £ 25V
Io = 500 mA
Over temperature 50 v
m
. . 8V < V) <20V
AVg Line regulation
T,=25°C 50
mvV
7.5V <V <20V
lb<1A
Over temperature 25
mvV
8V V<12V
5mAslps15A 10 50 mV
T,=25°C
AVo Load regulation 250 mA < lp < 750 mA 25 mV
Over temperature, 5mA < lg<1A 50 mV
. T,=25°C 8 mA
la Quiescent current los1A
Over temperature 85 mA
0°C=T;=<125°C,5mA=<Ilps1A 0.5 mA
Alg Quiescent current change T,=25C lo=1A 1 mA
7TVsVin=20V | Over temperature, Iy < 500 1 mA
mA
Vn Output noise voltage Ta =25°C, 10 Hz < f < 100 kHz 40 nv
AAVVW — =120 Hz T,=25C, lo<1A 62 80 dB
out ipple rejection
pple rej BV SVy<18V ri‘.vAer temperature, g < 500 62 B
Dropout voltage T,=25°C,Ip=1A 2 v
Output resistance f=1kHz 8 me
Ro Short-circuit current T,=25°C 21 A
Peak output current T,=25°C 24 A
Average TC of Vour Over temperature, lo =5 mA -0.6 mV/°C
Vin Input voltage required to T,=25°C,Ip< 1A 75 v
maintain line regulation -

(1) All characteristics are measured with a 0.22-uF capacitor from input to ground and a 0.1-uF capacitor from output to ground. All
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%).
Output voltage changes due to changes in internal temperature must be taken into account separately.
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7 Detailed Description

7.1 Overview

The LM340 and LM7805 devices are a family of fixed output positive voltage regulators with outputs ranging from
3 Vto 15 V. They accept up to 35 V of input voltage and with proper heat dissipation can provide over 1.5 A of
current. With a combination of current limiting, thermal shutdown, and safe area protection, these regulators
eliminate any concern of damage. These features paired with excellent line and load regulation make the LM340
and LM7805 Family versatile solutions to a wide range of power management designs. Although the LM340 and
LM7805 Family were designed primarily as fixed-voltage regulators, these devices can be used with external
component for adjustable voltage and current.

7.2 Functional Block Diagram

A1 '—{:ms
80k

R15
1.62k

R16
025

Vout

R12
7k

R20

R10
850

R9
ak
R11

4.97k

210

R21
267k

GND
Copyright ©2016, Texas Instruments Incorporated

7.3 Feature Description

7.3.1 Output Current

With proper considerations, the LM340 and LM7805 Family can exceed 1.5-A output current. Depending on the
desired package option, the effective junction-to-ambient thermal resistance can be reduced through heat
sinking, allowing more power to be dissipated in the device.

7.3.2 Current Limiting Feature

In the event of a short circuit at the output of the regulator, each device has an internal current limit to protect it
from damage. The typical current limits for the LM340 and LM7805 Family is 2.4 A.

7.3.3 Thermal Shutdown

Each package type employs internal current limiting and thermal shutdown to provide safe operation area
protection. If the junction temperature is allowed to rise to 150°C, the device will go into thermal shutdown.

7.4 Device Functional Modes
There are no functional modes for this device.

12 Submit Documentation Feedback Copyright © 2000-2016, Texas Instruments Incorporated
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the Tl component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The LM340x and LM7805 series is designed with thermal protection, output short-circuit protection, and output
transistor safe area protection. However, as with any IC regulator, it becomes necessary to take precautions to
assure that the regulator is not inadvertently damaged. The following describes possible misapplications and
methods to prevent damage to the regulator.

8.1.1 Shorting the Regulator Input

When using large capacitors at the output of these regulators, a protection diode connected input to output
(Figure 15) may be required if the input is shorted to ground. Without the protection diode, an input short causes
the input to rapidly approach ground potential, while the output remains near the initial Vouyr because of the
stored charge in the large output capacitor. The capacitor will then discharge through a large internal input to
output diode and parasitic transistors. If the energy released by the capacitor is large enough, this diode, low
current metal, and the regulator are destroyed. The fast diode in Figure 15 shunts most of the capacitors
discharge current around the regulator. Generally no protection diode is required for values of output capacitance
<10 pF.

8.1.2 Raising the Output Voltage Above the Input Voltage

Because the output of the device does not sink current, forcing the output high can cause damage to internal low
current paths in a manner similar to that just described in Shorting the Regulator Input.

8.1.3 Regulator Floating Ground

When the ground pin alone becomes disconnected, the output approaches the unregulated input, causing
possible damage to other circuits connected to V. If ground is reconnected with power ON, damage may also
occur to the regulator. This fault is most likely to occur when plugging in regulators or modules with on card
regulators into powered up sockets. The power must be turned off first, the thermal limit ceases operating, or the
ground must be connected first if power must be left on. See Figure 16.

8.1.4 Transient Voltages

If transients exceed the maximum rated input voltage of the device, or reach more than 0.8 V below ground and
have sufficient energy, they will damage the regulator. The solution is to use a large input capacitor, a series
input breakdown diode, a choke, a transient suppressor or a combination of these.

D

IN4002

Vin Vourt

3T I

Figure 15. Input Short

Copyright © 2000-2016, Texas Instruments Incorporated Submit Documentation Feedback 13
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Application Information (continued)
’ T T h

Figure 16. Regulator Floating Ground

J_r.

VIN——?—
i
I
L
T
1
4

Vout

Figure 17. Transients
When a value for 6_a) is found, a heat sink must be selected that has a value that is less than or equal to this
number.
01-a) is specified numerically by the heat sink manufacturer in this catalog or shown in a curve that plots
temperature rise vs power dissipation for the heat sink.
8.2 Typical Applications

8.2.1 Fixed Output Voltage Regulator

The LM340x and LM7805 Family devices are primarily designed to provide fixed output voltage regulation. The
simplest implementation of LM340x and LM7805 Family is shown in Figure 18.

INPUT QUTPUT

- GND
0.22 uF —y—

L

Coisht 02016, Texas InsiumenisIncorpraied
*Required if the regulator is located far from the power supply filter.
**Although no output capacitor is needed for stability, it does help transient response. (If needed, use 0.1-pF, ceramic
disc).

Figure 18. Fixed Output Voltage Regulator

8.2.1.1 Design Requirements

The device component count is very minimal. Although not required, Tl recommends employing bypass
capacitors at the output for optimum stability and transient response. These capacitors must be placed as close
as possible to the regulator. If the device is located more than 6 inches from the power supply filter, it is required
to employ input capacitor.
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Typical Applications (continued)
8.2.1.2 Detailed Design Procedure

The output voltage is set based on the device variant. LM340x and LM7805 Family are available in 5-V, 12-V
and 15-V regulator options.

8.2.1.3 Application Curve

LM140K-5.0
[ ;=25

lgur = 0A
1

Tout =500 ma

OUTPUT VOLTAGE (V)
-

lgut = 1A]

0 2 4 6 8 10
INPUT VOLTAGE (V)

Figure 19. Voyr vs Vin, Vour =5V

8.3 System Examples

INPUT INPUT OUTPUT
’ Rl
I UZZ iF A —_— 3.‘22;1F
—»< R2
OUTPUT
- =
lout

lout = V2-3 / R1 + Iq

Vi =5V +(5V/IR1+Iq) R25V/R1>31q,
Alg = 1.3 mA over line and load changes. out ( o) a

load regulation (L;) = [(R1 + R2)/R1] (L; of LM340-5).
Figure 20. Current Regulator Figure 21. Adjustable Output Regulator

INPUT OUTPUT INPUT OUTPUT

0.224F o 0.1 4F
T 022 yF I 0.1 4F

Figure 22. High Input Voltage Circuit With Series Figure 23. High Input Voltage Circuit
Resistor implementation With Transistor
Copyright © 2000-2016, Texas Instruments Incorporated Submit Documentation Feedback 15
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System Examples (continued)
Qi
2N2|‘33 L IN \r 2‘5132
Vi ’ \‘ L A
Q2
e ourpur | OMAVL l
® Vo INPUT
T INPUT T out
022F = = o= 014 R1 I OuTPUT
300 022yF —,l: =) I 0.1 uF
B(Q1) 2 Io Max / IREG Max Rsc =0.8/1sc

R1=0.9/Irec = Ba1) Vee(1) / IREG Max (p +1) = lo Max

Figure 24. High Current Voltage Regulator

R1 =BVee1) / IREG Max (B +1) = lo Max
Figure 25. High Output Current With Short-Circuit

Protection
INPUT OUTPUT
T ’ LM340 ? +0UT
1 :
—I—T lGND T =
INPUT OUTPUT
LM79xx
+ +
GND 0.1uF
-ouTt

N
-~

Figure 26. LM340 Used With Negative Regulator LM79xx
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9 Power Supply Recommendations

The LM340 is designed to operate from a wide input voltage up to 35 V. Please refer to electrical characteristics
tables for the minimum input voltage required for line/load regulation. If the device is more than six inches from
the input filter capacitors, an input bypass capacitor, 0.1 uF or greater, of any type is needed for stability.

10 Layout

10.1 Layout Guidelines

Some layout guidelines must be followed to ensure proper regulation of the output voltage with minimum noise.
Traces carrying the load current must be wide to reduce the amount of parasitic trace inductance. To improve
PSRR, a bypass capacitor can be placed at the OUTPUT pin and must be placed as close as possible to the IC.
All that is required for the typical fixed output regulator application circuit is the LM340x/LM7805 Family IC and a
0.22-pF input capacitor if the regulator is placed far from the power supply filter. A 0.1-uF output capacitor is
recommended to help with transient response. In cases when VIN shorts to ground, an external diode must be
placed from VOUT to VIN to divert the surge current from the output capacitor and protect the IC.

10.2 Layout Example

Figure 27. Layout Example DDPAK

Copyright © 20002016, Texas Instruments Incorporated 17
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Part No. Pack Size Colour ‘Wave Length at IF = 20mA Forward Voltage (VF) at Luminous Intensity at IF
IF =20mA =20mA
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PSG91832 Red 620nm 625nm 630nm 2V 22V 400 500
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NHD-0420AZ-FSW-GBW-33V3

Character Liquid Crystal Display Module

NHD- Newhaven Display
0420- 4 Lines x 20 Characters
AZ- Model

F Transflective

SW- Side White LED Backlight
G- STN Positive, Gray

B- 6:00 Optimal View

w- Wide Temp.

33v3- 3.3V Vpp, 3.0V Backlight

RoHS Compliant

Newhaven Display International, Inc.
2661 Galvin Ct.
Elgin IL, 60124
Ph: 847-844-8795 Fax: 847-844-8796

www.newhavendisplay.com
nhtech@newhavendisplay.com nhsales@newhavendisplay.com
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Revision Date Description Changed by
[ 10/31/11 3.3V LC Implemented SB
1 10/25/16 Mechanical Drawing, Electrical & Optical Char. Updated SB
2 3/29/19 Mechanical Tolerance & Electrical Characteristics Updated SB

Functions and Features

4 lines x 20 characters

in controllers (ST7066U or equivalent)

+3.3V Power Supply

1/16 duty, 1/5 bias
RoHS compliant
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Pin Description and Wiring Diagram

PinNo. | Symbol External Connection | Function Description
1 Vs Power Supply Ground
2 Voo Power Supply Supply Voltage for logic (+3.3)
3 Vo Power Supply Supply Voltage for contrast (approx. 0V)
4 RS MPU Register Select signal. R5=0: Command, RS=1: Data
5 R/W MPU Read/Write select signal, R/W=1: Read R/W:=0: Write
6 3 MPU Operation Enable signal. Falling edge triggered.
7-10 DBO-DB3 MPU For low order bi-directional three-state data bus lines. These
four are not used during 4-bit operation.
11-14 | DB4-DB7 MPU Four high order bi-directional three-state data bus lines.
15 LED+ Power Supply Backlight Anode (+3.0V)
16 LED- Power Supply Backlight Cathode (Ground)

Recommended LCD connector: 2.54mm pitch pins
Backlight connector: - Mates with: -

8-bit

Character Display
block diagram

4-bit

Character Display
block diagram

MPU

;
t e WAL T H
R ]

(4]

10k-20k
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Electrical Characteristics

Item Symbol Condition Min. Typ. Max. Unit
Operating Temperature Range Top Absolute Max -20 - +70. oC
Storage Temperature Range Tst Absolute Max 30 - +80 °c
Supply Voltage Voo - 3.0 33 35 v
Supply Current Ioo. Voo=3.3V 0.5 1.0 2.5 mA
Supply for LCD (contrast) Vico Top=25°C 31 33 35 v
“H” Level input ViH - 0.7*Voo - Voo v
“L” Level input Vi - Vss - 0.6 v
“H” Level output Vou - 0.75*Voo - Voo v
“L” Level output Voo - Vss - 0.2*Vpp v
Backlight Supply Voltage Vieo - 2.8 3.0 3.2 V.
Backlight Supply Current Iien Viep = 3.0V 10 20 30 mA
Optical Character
Item Symbol Condition Min. Typ. Max. Unit
. Top. v+ - 40 - °
Optimal 5 tom Y- N 60 N o
‘gf“é"l'e"f Left ox- R22 - 60 - °
Right X+ - 60 - °
Contrast Ratio CR - 2 5 - -
. Rise Tr . - 150 250 ms
Response Time Fall T Tor=25°C N 200 300 ms

Controller Information

Built-in ST7066U Controller.

Please download specification at http://www.newhavendisplay.com/app_notes/ST7066U.pdf
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Table of Commands

Instruction code Execution
Instruction Description time (fosc=
RS | RW| DB7| DB6 | DB5 | DB4| DB3| DB2| DB1| DBO 270 KHZ
Clear Write “20H” to DDRAM and
Displ. 0 0 0 0 0 0 0 0 0 1 | set DDRAM address to 1.52ms
'splay “00H" from AC
Set DDRAM Address to
Return “00H" from AC and return
0 o|o|o]o|o|o]o]|o0]| 1] - |cursortoits orginal positon 1.52ms
ome if shifted. The contents of
DDRAM are not changed.
Sets cursor move direction
and specifies display shift.
g":’y mode | o | o | o|o|o|o]| o1 |u]|SH]|Theseparametersare 37ps
el performed during data write
and read.
" D=1: Entire display on
Display ON/'l 5 | 5 | o | o |0 |o|1|D|c|® ursor on 37us
OFF control "
Blinking cursor on
Cursor or Sets cursor moving and

" display shift control bit, and
Display 0 0 0 0 0 1 S/IC| RL| - - | the direction without 37ps

shift changing DDRAM data.
Function DL: Interface data is 8/4 bits
set 0 0 0 0 1 |DL| N F - - | N: Number of lines is 2/1 37ps
F: Font size is 5x11/5x8
Set ;
Set CGRAM address in
CGRAM 0 0 0 1 |AC5 |AC4 |AC3 | AC2|AC1 | ACO address counter 37ps
Address
Set Set DDRAM address i
DDRAM 0 | 0| 1 |Ace|Acs|Aca|Acs|Ac2|Act |Aco address in 37ps
address counter.
Address
‘Whether during internal
Read busy operation or not can be
Flag and 0 1 BF | AC6 |AC5 | AC4 |AC3 |AC2 |AC1 | ACO | known by reading BF. The 0Os
Address contents of address counter
can also be read.
Write data Write data into internal RAM
To Address 1 0 D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO (DDRAM/CGRAM). 37ps
Read data 1 + |o7| o6 |os|ps|p3|o2|pt| po | Readdatafromintenal 37us

From RAM RAM (DDRAM/CGRAM).
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Timing Characteristics

Writing data from MPU to ST7066U

><;vm1
RS \ VIL1

DBO-DB7

Write Mode (Writing data from MPU to ST7066U)

Te Enable Cycle Time |PinE 1200 - ns
Tew Enable Pulse Width [Pin E 460 - ns
Tg, Tz |Enable Rise/Fall Time [Pin E - 25 ns
Tas Address Setup Time |Pins: RS,RW E 0 - ns
Tan Address Hold Time |Pins: RS,RW E 10 - ns
Tosw Data Setup Time  |Pins: DBO - DB7 80 - ns
Tu Data Hold Time Pins: DBO - DB7 10 - ns

7
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Reading data from ST7066U to MPU

X X
RS \VILL

BODET Valid data. }<

Read Mode (Reading Data from ST7066U to MPU)
Te Enable Cycle Time [Pin E 1200 - - ns
Tew Enable Pulse Width |Pin E 480 - - ns
Tr,Te |Enable Rise/Fall Time |Pin E - - 25 ns
Tas Address Setup Time [Pins: RS,RW,E 0 - - ns
Tan Address Hold Time |Pins: RS,RW,E 10 - - ns
Toor Data Setup Time  |Pins: DBO - DB7 - - 320 ns
TH Data Hold Time Pins: DBO - DB7 10 - - ns
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Quality Information

Test ltem Content of Test Test Condition Note
High Temperature storage | Endurance test applying the high storage +80°C, 48hrs. 2
temperature for a long time.
Low Temperature storage | Endurance test applying the low storage -30°C, 48hrs 1,2
temperature for a long time.
High Temperature Endurance test applying the electric stress | +70°C 48hrs 2
Operation (voltage & current) and the high thermal
stress for a long time.
Low Temperature Endurance test applying the electric stress | -20°C, 48hrs 1,2
Operation (voltage & current) and the low thermal
stress for a long time.
High Temperature / Endurance test applying the electric stress | +40°C, 90% RH, 48hrs 1,2
Humidity Operation (voltage & current) and the high thermal
with high humidity stress for a long time.
Thermal Shock resistance | Endurance test applying the electric stress | 0°C,30min -> 25°C,5min -
(voltage & current) during a cycle of low 50°C,30min = 1 cycle
and high thermal stress. 10 cycles
Vibration test Endurance test applying vibration to 10-55Hz, 15mm amplitude. 3

simulate transportation and use.

60 sec in each of 3 directions
XY,z
For 15 minutes

Static electricity test

Endurance test applying electric static
discharge.

V5=800V, RS=1.5kQ, CS=100pF
One time

Note 1: No condensation to be observed.
Note 2: Conducted after 4 hours of storage at 25°C, 0%RH.
Note 3: Test performed on product itself, not inside a container.

Precautions for using LCDs/LCMs

See Precautions at www.newhavendisplay.com/specs/precautions.pdf

Warranty Information and Terms & Conditions
http://www.newhavendisplay.com/index.php?main_page=terms
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Colorful Round Tactile Button Switch
Assortment - 15 pack

PRODUCT ID: 1009

Description

Little clicky switches are standard input "buttons" on electronic projects. These work best in a PCB but can
be used on a solderless breadboard as shown in this tutorial. The pins are normally open (disconnected) and
when the button is pressed they are momentarily closed.

These buttons are bigger than the 6mm ones we carry, and come in a pack of 15. Each button comes with a

candy-colored round cap that snaps on. You get three of each color-- blue, grey, yellow, green, and red. The
round plastic button tops affix easily to the tactile switch body.

Assembled button dimensions: 12mm x 12mm x 12mm
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Technical Details

Tactile button tutorial http://www.ladyada.net/learn/arduino/lesson5.html

RoHS

Engineered in NYC Adafruit ® https://www.adafruit.com/product/1009 7-19-17
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#include <main.h>
#include <string.h>
the GPS module

#fuses INTRC_IO, NOWDT, NOPROTECT, NOLVP
Disable code protection, Disable Low-Voltage Programming

#use delay(clock=8000000)
#use rs232(UART1, baud=9600, ERRORS)

bits/second data transmision, enabling error checking

char gps_data[80];
string
char extracted time[7];

// Includes the contents of the main.h header file
// Includes the string.h header file, to perform operations on strings and parsing data from

// PIC configuration fuses - Use the internal RC oscillator, Disable the Watchdog Timer,

// System clock frequency is running at 8 MHz. Esential for delays
// Configures RS232 serial communication, through the UARTI module, sets the baud rate @ 9600

// Declares the character array (or String) that can hold up to 80 characters from the GPS

// Declares the character array that can hold up to 7 characters (6 characters) extracted

from the GPS string + the 7th character is for the null terminator \0 to mark the end of the string

char received_data;
char changed;

int new_data=0;
been recieved

int event_flag = 0;
represents Light ON or OFF

volatile unsigned int hh=0;

memory, because it might be changed by interrupts

volatile unsigned int mm=0;

memory, because it might be changed by interrupts

volatile unsigned int ss=0;

memory, because it might be changed by interrupts

long ct, batt;

#define LCD_ENABLE PIN PIN_D2
#define LCD_RS_PIN PIN_DO
#define LCD_RW_PIN PIN D1
#define LCD_DATA4 PIN_D3
#define LCD_DATA5 PIN_D4
#define LCD_DATA6 PIN_DS
#define LCD_DATA7 PIN_D6

#include <lIcd.c>
int Vbat = 11;
integer
int VCT = 13;
integer
long ReadCT ()
set_adc_channel (VCT) ;
delay_us(10);
return read_adc();
long ReadBattV()
set_adc_channel (Vbat) ;

delay us(10);
return read_adc();

#INT_RDA

character is received through the serial port.

void UART_ISR()
{

a new character is received from the GPS module.

new_data=0;

static char i 07
gps_data[i] = getc();
if (gps_data[i] == '\n') {
gps_data[i + 1] = "\0';
complete string.
i = 0;
char keyword[] = "$GPGGA,";

start with SGPGGA

char *time ptr = strstr(gps_data, keyword);
sentence) within a string of GPS data,

if (time ptr != NULL) {
data doesnt exist.

strncpy (extracted_time, time ptr + 7, 6);

// Declares the variable "received data" as a character
// Declares the variable "changed" as a character - to flag if the time has changed
// Declares the variable "new data"” as a integer (whole number) - to flag if new data has

// Declares the variable "event flag" as a integer - to flag if the change in CT voltage

// Declares the variable for (hh) as a non negative integer that must always read fresh from
// Declares the variable for (mm) as a non negative integer that must always read fresh from

// Declares the variable for (ss) as a non negative integer that must always read fresh from

// Declares the variables for ct and batt as a long Data Type

// Defines that the LCD Enable (E) pin is connected to the D2 pin on the PIC

// Defines that the LCD Register Select (RS) pin is connected to the DO pin on the PIC
// Defines that the LCD Read/Write (RW) pin is connected to the D1 pin on the PIC

// Defines that the LCD DATA4 pin is connected to the D3 pin on the PIC

// Defines that the LCD DATA5 pin is connected to the D4 pin on the PIC

// Defines that the LCD DATA6 pin is connected to the D5 pin on the PIC

// Defines that the LCD DATA7 pin is connected to the D6 pin on the PIC

// Includes the lcd.c source file, To perform operations on the LCD screen
// Defines that the Vbat is connected to channel 11 pin on the PIC, and declares it an

// Defines that the VCT is connected to channel 13 pin on the PIC, and declares it an

// Declares the function ReadCT that returns a value as a long Data Type

// Sets the Analog-to-Digital Converter to read from channel 13 (VCT), as defined above
// Delays the program for 10 milliseconds
// Returns the value of the CT Clamp

// Declares the function ReadBattV that returns a value as a long Data Type

// Sets the Analog-to-Digital Converter to read from channel 11 (Vbatt), as defined above
// Delays the program for 10 milliseconds
// Returns the Voltage value of the Battery

// Directive that enables the Receive Data Available (RDA) interrupt, which triggers when a

// Defines the function that captures time from GPS Module.
// UART Interrupt Service Routine (ISR) interrupt routine function. This is called each time

// Resets the new data flag indicating new time data hasnt arrived yet.

// Index to keep track of where to store the next GPS character.

// Store received data in gps data array, one character at a time

// Searches for the GPS NMEA sentence end point, which is \n

// Adds a Null terminator after the last character.......... Now gps_data(] buffer is a

// Resets the index so the next incoming GPS sentance can be stored
// Declares the character array named keyword, which will look for GPS NEMA strings that

// This line is used to find the starting point of a GPS sentence (specifically a $GPGGA,

and store a pointer to that location.

// Checking that time ptr is NOT Null - otherwise the next line could crash the program as

// Copies the UTC time (in HHMMSS format) from a GPS sentence into the variable

extracted time. Skipps the first 7 characters and copies the next 6 characters (hhmmss)

extracted _time[6] = '\0';
if (changed!=extracted time[5])

changed= extracted time[5];
new_data=

hh = (extracted time[0] - 48)
extracted time([character 1] (2) -> ASCIT
mm = (extracted time[2] - 48)
extracted time([character 3] (4) -> ASCIT
ss = (extracted time[4] - 48)
extracted time([character 5] (6) -> ASCIT

}
}
}

else

i++;

#define MOVE PIN A0

// Adds the null terminator to the extracted time string
// If the last digit of seconds has changed, a new second has been detected

// Update the extracted time with the new last digit
// Flag to indicate that new time data has been received

// If extracted time = 123456\n

* 10 + (extracted time[1] - 48); // extracted time[character 0] (1) -> ASCII = 49 -> 49 - 48 * 10 +
50 -> 50 - 48 = 2, so hh = 12 #(49-48*10+(50-48)=12

* 10 + (extracted time[3] - 48); // extracted time[character 2] (3) -> ASCII = 51 -> 51 - 48 * 10 +
52 -> 52 - 48 = 4, so mm = 34 #(51-48*10+(52-48)=34

* 10 + (extracted time[5] - 48); // extracted time[character 4] (5) -> ASCII = 53 -> 53 - 48 * 10 +

6, so ss = 56 #(53-48%10+(54-48)=56

// Therefore actual time = 12:34:56

// If the preceding if statement's condition is false, then do this.

// If not endpoint of NEMA sentance yet, move to next character index in gps_data

// Defines that the MOVE Button is connected to the AQ pin on the PIC
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#define SELECT PIN_Al
#define BACK PIN A2
#define DELETE PIN_A3
#define GLED PIN A7

int menu position = 0;
been recieved

const char *menu_items[] = {
modified.
"_>Test Screen",
Capture Data",

" Read Data\n" }i
formatting ("\n").
const int menu_size = 3;
change)

void display menu ()
{
led gotoxy (1, 1);

lcd_putc(" \fLMD Main Menu");

the top line of the LCD.
if (menu_position == 0)

led gotoxy(l, 2);

lcd_putc("->Test Screen");

lcd_gotoxy (21, 1);
lcd_putc(" Capture Data"
lcd_gotoxy (21, 2);

lcd putc(" Read Data\n");

else if (menu position == 1)

led gotoxy(l, 2);

lcd_putc(" Test Screen");

led gotoxy (21, 1);

lcd_putc("->Capture Data");

led gotoxy (21, 2);

lcd putc(" Read Data\n");

else if (menu position == 2)

led gotoxy(l, 2);

lcd_putc(" Test Screen");

lcd_gotoxy(21, 1);
lcd_putc(" Capture Data"
lcd_gotoxy (21, 2);

lcd putc("->Read Data\n");

else {}

void test_screen ()
{
led gotoxy (1, 1);

lcd_putc("\fTest Screen");

led gotoxy(l,2);

printf (LCD_PUTC, "CT : %Lu

led gotoxy(12,2);
led putc("volts\n
led gotoxy(21,1);

printf (LCD_PUTC, "Bat: %Lu

led gotoxy (32,1);
lcd putc("volts\n"
led gotoxy (21,2);

printf (LCD_PUTC, "Time:%02d", hh);

lcd gotoxy(28,2);

printf (LCD_PUTC, ":%02d", mm);

lcd_gotoxy(31,2);
printf (LCD_PUTC,

void data_capture ()
{
led gotoxy (1, 1);

lcd_putc("\fData Capture..

led gotoxy(1,2);

lcd putc("This screen is");

led gotoxy(21,1);

lcd_putc("meant to put PIC in");

led gotoxy (21,2);

lcd putc("power save mode\n");

void eeprom time ()
{
int ehl=read eeprom (0x00);
0x00
int eml=read eeprom (0x01);
addresses 0x01
int esl=read eeprom (0x02);
addresses 0x02
int efl=read eeprom (0x03);

int eh2=read eeprom (0x04);
0x04

int em2=read eeprom (0x05) ;
addresses 0x05

int es2=read eeprom (0x06) ;
addresses 0x06

int ef2=read eeprom (0x07);

int eh3=read eeprom (0x08) ;
0x08

int em3=read eeprom (0x09) ;
addresses 0x09
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Defines that the SELECT Button is connected to the Al pin on the PIC
Defines that the BACK Button is connected to the A2 pin on the PIC
Defines that the DELETE Button is connected to the A3 pin on the PIC
Defines that the Green LED is connected to the A7 pin on the PIC

Declares the variable "new data" as a integer (whole number) - to flag if new data has

This declares an array of constant strings (text), meaning the text can be read but not

First menu item, arrow that shows Test Screen (is currently selected).
Second menu item, Capture Data (is not selected).
Third menu item, Read Data (also not selected), ends with a newline for display

Stores the number of items in the menu (a constant interger -> whole number that cannot

Defines the function that displays the Menu on the LCD.

Sets the cursor to write on the LCD to Column 1, Line 1.
Clears the LCD screen using a form feed ("\f"), then prints the heading LMD Main Menu on

If the currsor arrow is pointing to (TEST SCREEN) then display this.....

Sets the cursor to write on the LCD to Column 1, Line 2.

Prints the selector arrow and the Test Screen option on the second line of the LCD.
Sets the cursor to write on the LCD to Column 1, Line 3.

Prints the Capture Data option on the third line of the LCD.

Sets the cursor to write on the LCD to Column 1, Line 4.

Prints the Read Data option on the fourth line of the LCD.

If the currsor arrow is pointing to (CAPTURE DATA) then display this.....

Sets the cursor to write on the LCD to Column 1, Line 2.

Prints the Test Screen option on the second line of the LCD.

Sets the cursor to write on the LCD to Column 1, Line 3.

Prints the selector arrow and the Capture Data option on the third line of the LCD.
Sets the cursor to write on the LCD to Column 1, Line 4.

Prints the Read Data option on the fourth line of the LCD.

If the currsor arrow is pointing to (READ DATA) then display this.....

Sets the cursor to write on the LCD to Column 1, Line 2.

//Prints the Test Screen option on the second line of the LCD.
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Sets the cursor to write on the LCD to Column 1, Line 3.

Prints the Capture Data option on the third line of the LCD.

Sets the cursor to write on the LCD to Column 1, Line 4.

Prints the selector arrow and the Read Data option on the fourth line of the LCD.

else do nothing

Defines the function that displays the Test Screen on the LCD.

Sets the cursor to write on the LCD to Column 1, Line 1.
Prints the heading Test Screen on the top line of the LCD.

Sets the cursor to write on the LCD to Column 1, Line 2.
Prints the words CT : and adds the CT Voltage reading.

Sets the cursor to write on the LCD to Column 12, Line 2.
Prints the words "volts".

Sets the cursor to write on the LCD to Column 1, Line 3.
Prints the words Bat : and adds the Battery Voltage reading.
Sets the cursor to write on the LCD to Column 12, Line 3.

//Prints the words "volts".
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Sets the cursor to write on the LCD to Column 1, Line 4.

Prints the words Time: and adds the (hh) extracted time from the GPS.
Sets the cursor to write on the LCD to Column 8, Line 4.

Prints (:) and the (mm) extracted time from the GPS.

Sets the cursor to write on the LCD to Column 11, Line 4.

Prints (:) and the (ss) extracted time from the GPS.

Defines the function that displays the Data Capture Screen on the LCD.

Sets the cursor to write on the LCD to Column 1, Line 1.

Prints the words "Data Capture” on the top line of the LCD.

Sets the cursor to write on the LCD to Column 1, Line 2.

Prints the words "This screen is" on the second line of the LCD.
Sets the cursor to write on the LCD to Column 1, Line 3.

Prints the words "meant to put PIC in" on the third line of the LCD.
Sets the cursor to write on the LCD to Column 1, Line 4.

Prints the words "power save mode"” on the fourth line of the LCD.

Defines the function that reads the times stored on the EEPROM.

Delares the stored data as intergers, ehl = 1st stored hours timestamp, EEPROM addresses
Delares the stored data as intergers, eml = 1st stored minutes timestamp, EEPROM
Delares the stored data as intergers, esl = lst stored seconds timestamp, EEPROM
Delares the stored data as intergers, efl = 1st ON/OFF Event Flag, EEPROM addresses 0x03

Delares the stored data as intergers, eh? = 2nd stored hours timestamp, EEPROM addresses
Delares the stored data as intergers, em2 = 2nd stored minutes timestamp, EEPROM
Delares the stored data as intergers, es2 = 2nd stored seconds timestamp, EEPROM
Delares the stored data as intergers, ef2 = 2nd ON/OFF Event Flag, EEPROM addresses 0x07
Delares the stored data as intergers, eh3 = 3rd stored hours timestamp, EEPROM addresses

Delares the stored data as intergers, em3 = 3rd stored minutes timestamp, EEPROM
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int es3=read eeprom (0x03) ;
addresses 0x0A
int ef3=read eeprom (0x0B);

int eh4=read eeprom (0x0C) ;
oxoc

int em4=read eeprom (0x0D) ;
addresses 0x0D

int es4=read eeprom (0x0E) ;
addresses 0x0E

int ef4=read eeprom (0x0F) ;

lcd putc("\f");

led gotoxy(l,1);

printf (LCD_PUTC, "Timel: %02d", ehl);
led gotoxy (10,1);

printf (LCD_PUTC, ":302d", eml);

led gotoxy (13,1);

printf (LCD_PUTC, ":302d", esl);

lcd gotoxy (16,1);

printf (LCD_PUTC, " -> 301d", efl);
led gotoxy(1,2);

printf (LCD_PUTC, "Time2: %02d", eh2);
led gotoxy (10,2);

printf (LCD_PUTC, ":302d", em2);

lcd gotoxy (13,2);

printf (LCD_PUTC, ":302d", es2);

lcd gotoxy (16,2);

printf (LCD_PUTC, " -> 301d", ef2);
led gotoxy (21,1);

printf (LCD_PUTC, "Time3: %02d", eh3);
led gotoxy (30,1);

printf (LCD_PUTC, ":302d", em3);

led gotoxy (33,1);

printf (LCD_PUTC, ":302d", es3);

led gotoxy (37,1);

printf (LCD_PUTC, "-> 301d", ef3);
led gotoxy (21,2);

printf (LCD_PUTC, "Timed: %02d", ehd);

led gotoxy (30,2);

printf (LCD_PUTC, ":302d", emd);
lcd gotoxy (33,2);
printf (LCD_PUTC,
lcd gotoxy (37,2);

%02d", es4);

printf (LCD_PUTC, "-> 301d\n", ef4);

void main()
{
setup_oscillator (OSC_8MHZ) ;
delay ms(1000);
enable_interrupts (GLOBAL) ;
enable_interrupts (INT_RDA) ;

setup_adc_ports(sAN1l | sAN13, VSS_VDD);

to use the microcontroller's power rails
setup_adc (ADC_CLOCK_INTERNAL) ;
analog CT & Battery Voltages to digital.

led init();

printf (lcd pute, "\£");
delay ms(500);

led gotoxy(1,1);

lcd_putc ("\fUWTSD") ;

led gotoxy(1,2);

lcd putc("BEng Project");
led gotoxy (21,1);

lcd putc("Matthew Williams");
led gotoxy (21,2);

lcd putc("April 2025\n");
delay ms(2000);

printf (lcd pute, "\£");

delay ms(1000);

led gotoxy(1,1);

lcd putc("\fPembrokeshire CC");
led gotoxy(1,2);

lcd putc("Streetlighting -");
led gotoxy (21,1);

lcd putc("Light Monitoring");
led gotoxy (21,2);

lcd putc("Device\n");

delay ms(2000);

printf (lcd pute, "\£");

delay ms(1000);

led gotoxy(1,1);

lcd putc("\fSystem Simulation");
led gotoxy(1,2);

lcd putc("for PIC 16F877");

led gotoxy (21,1);

led putc("Microcontroller\n");
delay ms(2000);

printf (lcd pute, "\£");
delay ms(1000);

display menu();

int menu_select=0, enable Write_ eeprom=0, change_eeprom pos=0, eeprom_show=0;

long old ct = 0;

while (TRUE)
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Delares the stored data as intergers, es3
Delares the stored data as intergers, ef3
Delares the stored data as intergers, ehd
Delares the stored data as intergers, emd
Delares the stored data as intergers, esd

Delares the stored data as intergers, efd

3rd

3rd

4th

4th

4th

4th

\f clears the LCD screen first before printing

Sets the cursor to write on the LCD to Column 1,
Prints the words Timel: and adds the lst (hh) extracted time stored on the EEPROM.

Sets the cursor to write on the LCD to Column 9, Line 1.

Prints (:) and the lst (mm) extracted time stored on the EEPROM.

Sets the cursor to write on the LCD to Column 12, Line 1.

Prints (:) and the 1st (ss) extracted time stored on the EEPROM.

Sets the cursor to write on the LCD to Column 16, Line 1.

Prints (->) and the lst ON (1) or OFF (0) Event Flag extracted from stored on the EEPROM.

Sets the cursor to write on the LCD to Column 1,
Prints the words Time2: and adds the 2nd (hh) extracted time stored on the EEPROM.

Sets the cursor to write on the LCD to Column 9, Line 2.

Prints (:) and the 2nd (mm) extracted time stored on the EEPROM.

Sets the cursor to write on the LCD to Column 12, Line 2.

Prints (:) and the 2nd (ss) extracted time stored on the EEPROM.

Sets the cursor to write on the LCD to Column 16, Line 1.

Prints (->) and the 2nd ON (1) or OFF (0) Event Flag extracted from stored on the EEPROM.

Sets the cursor to write on the LCD to Column 1,
Prints the words Time3: and adds the 3rd (hh) extracted time stored on the EEPROM.

Sets the cursor to write on the LCD to Column 9, Line 3.

Prints (:) and the 3rd (mm) extracted time stored on the EEPROM.

Sets the cursor to write on the LCD to Column 12, Line 3.

Prints (:) and the 3rd (ss) extracted time stored on the EEPROM.

Sets the cursor to write on the LCD to Column 16, Line 1.

Prints (->) and the 3rd ON (1) or OFF (0) Event Flag extracted from stored on the EEPROM.

Sets the cursor to write on the LCD to Column 1,
Prints the words Timed: and adds the 4th (hh) extracted time stored on the EEPROM.

Sets the cursor to write on the LCD to Column 9, Line 4.

Prints (:) and the 4th (mm) extracted time stored on the EEPROM.

Sets the cursor to write on the LCD to Column 12, Line 4.

Prints (:) and the 4th (ss) extracted time stored on the EEPROM.

Sets the cursor to write on the LCD to Column 16, Line 1.

Prints (->) and the 4th ON (1) or OFF (0) Event Flag extracted from stored on the EEPROM.

stored seconds timestamp, EEPROM
ON/OFF Event Flag, EEPROM addresses 0x0B
stored hours timestamp, EEPROM addresses
stored minutes timestamp, EEPROM
stored seconds timestamp, EEPROM

ON/OFF Event Flag, EEPROM addresses 0x0OF

Line 1.

Line 2.

Line 3.

Line 4.

Defines the Main function where the program starts running.

Sets internal oscillator to 8MHz
Wait 1 second

Enable global interrupts

Enable the UART receive interrupt

Configures analog pins AN11 and ANI13 as analog inputs, VSS_VDD sets the reference voltage

Sets the Analog Digital Converter to use the microcontrollers internal clock, to convert

Initializes the LCD display to show txt

\f clears the LCD screen first before printing

Delays the program for 500 milliseconds

Sets the cursor to write on the LCD to Column 1,

Prints the words "UWTSD" on the first line of

Sets the cursor to write on the LCD to Column 1,
Prints the words "BEng Project" on the second 1i
Sets the cursor to write on the LCD to Column 1,
Prints the words "Matthew Williams" on the third line of the LCD.
Sets the cursor to write on the LCD to Column 1,
Prints the words "April 2025" on the fourth line of the LCD.

Delays the program for 2 seconds

Clear the screen command
Delays the program for 1 second

Sets the cursor to write on the LCD to Column 1,
Prints the words "Pembrokeshire CC" on the first line of the LCD.
Sets the cursor to write on the LCD to Column 1,
Prints the words "Streetlighting” on the second line of the LCD.
Sets the cursor to write on the LCD to Column 1,
Prints the words "Light Monitoring"” on the third line of the LCD.
Sets the cursor to write on the LCD to Column 1,
Prints the words "Device" on the fourth line of the LCD.

Delays the program for 2 seconds

Clear the screen command
Delays the program for 1 second

Sets the cursor to write on the LCD to Column 1,
Prints the words "System Simulation" on the first line of the LCD.
Sets the cursor to write on the LCD to Column 1,
Prints the words "for PIC 16F877" on the second line of the LCD.
Sets the cursor to write on the LCD to Column 1,
Prints the words "Microcontroller" on the third line of the LCD.

Delays the program for 2 seconds

Clear the screen command
Delays the program for 1 second

Displays the Menu Screen on the LCD.

// Store previous CT reading for change detection

Line 1.

the LCD.

Line 2.
ne of the LCD.
Line 3.

Line 4.

Line 1.

Line 2.

Line 3.

Line 4.

Line 1.

Line 2.

Line 3.

// Initialize control variables

// Indefinate loop to keep the program running and not stopping
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case

{

ct = ReadCT();
batt =

if (!input (MOVE))

menu_position++;
if (menu position > 2) menu position = 0;
display menu();
menu_select=0;
delay ms(200);
while (! (MOVE)) ({}

if (!input (SELECT))

test_screen();
menu_select=1;
while (! (SELECT)) {}

if (menu_select==1)

switch (menu_position) {
0, case 1,

case 0:
test_screen() ;
break;

case 1:
data_capture () ;
break;

case 2:
eeprom_time () ;
eeprom_show=1;

break;

delay_ms (300) ;

if (!input (BACK))

display menu();

{

menu_select=0;
delay ms(200);
while (! (BACK)) {}

if (!input (DELETE))

write eeprom(0x00, 0);
write eeprom(0x01, 0);
write eeprom(0x02, 0);
write eeprom(0x03, 0);
write eeprom(0x04, 0);
write eeprom(0x05, 0);
write eeprom(0x06, 0);
write eeprom(0x07, 0);
write eeprom(0x08, 0);
write eeprom(0x09, 0);
write eeprom(0x02, 0);
write eeprom(0x0B, 0);
write eeprom(0x0C, 0);
write_eeprom(0x0D, 0);
write eeprom(0x0E, 0);
write eeprom(0x0F, 0);

delay_ms (100);

while (! (DELETE)) {}

if (ct > 10 && old ct < 10)

event_flag = 1;
enable Write eeprom = 1;

if (ct < 10 && old ct > 10)

event_flag = 0;
enable Write eeprom = 1;

if (enable Write eeprom==1 )

enable Write eeprom=0;
if (change eeprom pos>4)

change_eeprom_pos=0;
old ct = ct;

write eeprom(change eeprom pos*4, hh);

the first slot

write_ eeprom(change eeprom pos*4+1, mm);
write eeprom(change eeprom pos*4+2, ss);

write eeprom(change eeprom pos*4+3, event flag);

change_eeprom pos++;

output_high (GLED) ;
delay ms(1500);
output_low (GLED) ;

// Reads the value from CT clamp and assumes this reading when ct is called

(int) (((£float)ReadBattV() / (float)1024.0)*10.0);// Reads the value from Battery and assumes this reading when batt is called, after
converting battery value to a scaled voltage value

// If MOVE button is pressed (logic LOW (NO! input) due to pull up resistors)

// Incroment to the next menu item

// If the end of the menu screen is reached, go back to the starting point

// Keep showing the Menu screen
// Reset menu_select flag.
// Short 200 millisecond debounce delay

or case 2 and activates that function

// While MOVE button NOT pressed -> Do nothing

// If SELECT button is pressed (logic LOW (NO! input) due to pull up resistors)

// Calls the test_screen function.
// Sets a menu_select flag to indicate that a menu option has been selected
// While SELECT button NOT pressed -> Do nothing

// Checks if SELECT button has been pressed (i.e.,

chosen an option from the menu)

// Switch statement to check which menu item is currently highlighted. menu position can be

// If the user selected the first item in the menu,

// Calls the test_screen function

// Breaks the if (menu selec

// If the user selected the second item in the menu,
// Calls the data_

) loop

capture function

// Breaks the if(menu select==1) loop

// If the user selected the third item in the menu,

// Calls the eeprom time function

// Display EEPROM

Data

// Breaks the if(menu select==1) loop

// Short 300 millisecond delay

it runs the

it runs the

it runs the

"Test" screen.

"Data Capture"” screen.

"EEPROM Data" screen.

// If BACK button is pressed (logic LOW (NO! input) due to pull up resistors)

// Return to main menu

// Reset menu_select flag.

// Short 200 millisecond debounce delay

// While BACK button NOT pressed -> Do nothing

// If DELETE button is pressed (logic LOW (NO! input) due to pull up

// Writes
// Writes
// Writes
// Writes
// Writes
// Writes
// Writes
// Writes
// Writes
// Writes
// Writes
// Writes
// Writes
// Writes
// Writes
// Writes a

L I T Y Y VI Y Y
SIS O S RS S I S S I Sl SIS

to EEPROM address 0x00 -> Overwrites previously
to EEPROM address 0x01 -> Overwrites previously
to EEPROM address 0x02 -> Overwrites previously
to EEPROM address 0x03 -> Overwrites previously
to EEPROM address 0x04 -> Overwrites previously
to EEPROM address 0x05 -> Overwrites previously
to EEPROM address 0x06 -> Overwrites previously
to EEPROM address 0x07 -> Overwrites previously
to EEPROM address 0x08 -> Overwrites previously
to EEPROM address 0x09 -> Overwrites previously
to EEPROM address 0x0A -> Overwrites previously
to EEPROM address 0x0B -> Overwrites previously
to EEPROM address 0x0C -> Overwrites previously
to EEPROM address 0x0D -> Overwrites previously
to EEPROM address Ox0E -> Overwrites previously
to EEPROM address OxOF -> Overwrites previously

// Small 100 milliseconds delay.

// While DELETE button NOT pressed -> Do nothing

// Detects CT has crossed the threshold UPWARDS from a LOW po.

// Set event flag

to ON.

// Declares that the data should be writen to the EEPROM.

// Detects CT has crossed the threshold DOWNWARDS from a HIGH

// Set event flag

to OFF.

// Declares that the data should be writen to the EEPROM.

// Checks if the enable Write eeprom flag is shown.

// If data is writen to the EEPROM then reset the flag.
// Checks if you have written 4 recent change of events to the EEPROM. if SO ........

// Resets the EEPROM writing position to 0.

// Stores the current CT as old CT ready for next comparison

// Write the data

// Then write the
// Then write the
// Then write the

stored
stored
stored
stored
stored
stored
stored
stored
stored
stored
stored
stored
stored
stored
stored
stored

sition.

resistors)

data
data
data
data
data
data
data
data
data
data
data
data
data
data
data
data

position

into the EEPROM in 4 chunks evey time it writes data, first the hh data in

mm data in the slot after the hh data
ss data in the slot after the mm data

0 for OFF or 1 for ON flag in the slot after the ss data
// Move to next EEPROM memory possition to write the next 4 chunks of data

// Turns ON the Green LED to indicate EEPROM write & Change of state of Streetlight
// Short delay of 1.5 seconds so light stays on
// Turns OFF the Green LED
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Part-Night Photocell Operation

SS9GMT, SS9DLS, SS19GMT, SS19DLS

The SS9 Part Night Photocell operation is determined by measuring time (Mains
Cycles) between two equal Lux levels at both dusk and dawn.

For the first night the photocell stays on all night in order to determine two things:

1. The length of night is sufficient - the cell hasn’t been installed part way
through a night or following a power outage.

2. If ok then calculate the middle of the night. Not to be confused with Midnight
00:00.

Following a successful night length the cell will begin to switch the lantern off at the
middle of the night or some other customer specified time off-set.

The switch back on point is determined by applying an offset to the middle of the
night point. For example if the middle of the night is 11:55pm and the offset is 6hrs
30min the unit will switch back on at 6:25am in the morning*

*In the morning the cell will switch the lantern back on only if the ambient light is
lower than the selected lux level. In practice this means that the lantern is unlikely to
switch back on during the summer months as the light level will be too high at
switch-on time

The photocell will continue to switch to this regime unless power is removed from
the cell. In this case the cycle will start again with all night burning for the first night.

Thame Sales Office Sowerby Bridge Sales & Registered Office

Howland Road, Thame Administration Office Eagle Works, Walton Well Road, Oxford 0X2 6EE
Oxfordshire 0X9 3U) Station Road, Sowerby Bridge Registered in the UK. Company No. 7448407

T +44 (0)1844 267 333 West Yorkshire HX6 3AF VAT No. GB 105 2681 41

T +44 (0)1422 317 337
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Weather
| Weather conditions can shift the middle of the night point too but

\ /7
- ' this is generally short lived with ‘expected’ timings returning to
’ - normal as the weather normalises.

No Real Time Clock

As the photocell does not have a real time clock
the operation is controlled and affected by the
path of the Earth’s orbit around the sun and the
slightly eccentric spin of the earth on its own axis.
Both these are predictable. The Earth’s orbit gives
us the seasons and changing day /night lengths
throughout the year. The eccentric spin means
that the night lengths vary slightly which has the
effect of also varying the middle of the night.

Fig.1 Is a graphical representation of this variance
for London.

Location of Street Lights
Location (Longitude) within the UK also has an effect. As clock-time is the same
throughout the UK sunset and sunrise times vary as

UNITED KINCDOM = the advancing sun casts a shadow from east to
MAP

west.

As the photocell timing is based on London (0°) the
sunset time will be will also be delayed. This has the
effect of shifting the middle of the night by the
same amount.

Roughly, for every degree of longitude (West)
sunset will be delayed by 4 minutes. Fig.1 and Fig.2

shows sunrise and sunset tomes for both London

and Cardiff for comparison Cardiff which is
approximately 3° West of London.

Page 2 of 4




image243.png
GMT Operation

Another factor to consider is whether the photocell operates
throughout the year on GMT timing in which case the observed
middle of the night will shift by the one hour difference between
Greenwich Mean Time and British Summer Time. In many instances

this is desirable as the lights stay on an extra hour during the summer
months when people tend to be out and about later. in this case the middle Night
point whilst still operating on GMT time will be seen as near 1:00 am BST.

BST Operation
( There are alternatives where a complex algorithm is applied which,
using varying night length as a data, determines time of year, whether

moving towards winter or away. Using this information the time
when the clocks would normally be adjusted for Daylight Saving (BST

to GMT and vice versa) can be found with reasonable accuracy.

Because of the variances detailed above there is a 14 day period of uncertainty
during which time the photocell enters a ‘safe mode’. During this period the cell will
adjust switching times to ensure the street light provides illumination when
required. During the ‘safe mode’ period the lights may, however, burn an hour
longer.

This is done to ensure the lights do not switch off an hour earlier than they should if
the changeover day accuracy is out by a day or two because of adverse weather
conditions for example. After the safe period the timing will align with the new
timing whether it is GMT or DLS.

Safe mode is also the default operation at installation, and persists until the
photocell can adjust to full GMT or BST operation. This usually takes three days, but
may be considerably longer if the photocell is installed at a date close to a solar
equinox.

Zodion Photocells are available in
both year-long GMT versions and
season correcting DLS versions

Page 3 of 4
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Fig. 1 Sunrise and Sunset Times For London (0° 7' W) and Calculated Middle Night
Time show DLS operation for simplicity

Mid Sunrise Sunset Middle of
Month DLS DLS Night DLS 21:36 02:24
Jan 08:00 16:20 00:10
19:12 + 01:55
Feb 07:15 17:15 00:15
- 01:26
16:48
March 06:16 18:04 00:10
- 00:57
14:24
Apr 05:06 18:57 00:01
- - 00:28
B £
May 04:10 19:45 23:57 712w ¥
°
H 00:00 ‘E
Jun 03:43 20:19 00:01 £ 0036 __— E
a k2331
July 04:00 20:12 00:06
07:12 \
23:02
Aug 04:45 19:24 00:04
04:48 _—
—Sunrise DLS \__/ [ 4
Sept 05:35 18:16 23:55 e
== Sunset DLS
0224 " L oy
Oct 06:24 17:09 23:46 Widdle o NightDLS o
Nov 07:18 16:12 23:45 0000 +——— ' T , ' ‘ * ' ' T 236
Middn  MidFeb MidMamh Middr  MdMay  Midhm MGkl Mi-Ag MidSept MO Middov  RiidDec
Dade
Dec 07:59 15:52 23:55
. . . . , . .
Fig. 2 Sunrise and Sunset Times For Cardiff ( 3° 1’'W) and Calculated Middle Night
Times show Daylight Saving operation for simplicity
Mi Sunrise Sunset Middle of
Month DLS DLS Night DLS 21:36 - 02:24
Jan 08:12 16:33 00:22
19:12 - 01:55
Feb 07:28 17:27 00:27
68 - 01:26
16: 7
March 06:28 18:17 00:22 \
- 00:57
1424
Apr 05:18 19:09 00:13
] /\ - 00:28
May 04:22 19:58 00:10 5 1200 B $
E \/ Lo E
. . . 9 -
Jun 03:55 20:32 00:13 £ 0036 g
a b 2331
July 04:13 20:24 00:18
07:12 +
23:02
Aug 04:57 19:36 00:16
04:48 - { en
Sept 05:47 18:29 00:08 RS '
e Sunset DLS
02:24 ~————=iddle of Night DLS 12
Oct 06:36 17:21 23:58 T 2o
Nov 07:30 16:24 23:57 0000 +——————— — 71— ——r @ ——————— %
Mid-lan ~ Mid-Feb  Mid-March  Mid-Apr ~ Mid-May ~ Mid-Jun ~ Mid-July ~ Mid-Aug  Mid-Sept ~ Mid-Oct ~ Mid-Nov  Mid-Dec
Date
Dec 08:12 16:04 00:08
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Ratios and Part Night

Lucy } Zodion

Ratios:

Photocells switch the supply ON to a load
when the light level falls beneath a given
value (usually at dusk) and then switch the
supply OFF when it rises above another level
(usually at dawn). The ratio between the two
light levels is known as the switching ratio.

Positive Ratio: When the ON level is lower than
the OFF level (for example, where the light is
switched ON at 70 Lux and switched OFF again
at 105 Lux, the unit has a ratio of 1:1.5). Positive
ratio units have significantly longer annual
burning hours than negative ratio units but are
simpler. They are often used where capital cost is
of the primary importance.

Unity Ratio: When the ON and OFF levels are
the same (1:1 ratio). For example, where the
light is switch ON at 20 Lux and OFF again in the
morning also at 20 Lux.

Negative Ratio: These units turn ON at a higher
light level than they turn OFF. Typically, with a
1:0.5 ratio (for example, turning ON at 70 Lux
and OFF at 35 Lux). These were often used on
discharge lighting with significant warm-up time
until the lamp achieves full brightness. This was
typically several minutes. The negative ratio unit
turned ON ‘early’ so that sufficient output was
achieved when required.

www.lucyzodion.com

Part Night Photocells:

Using advanced functionality; Photocells
can be designed to predict the time of day
with sufficient accuracy to be useful for ‘part
night’ operation of the attached light. They
can, for instance turn OFF at midnight and
back ON at 5:30am.

Use of such systems can dramatically reduce
annual burning hours. An example of such a
product is our SS9.

As the time is determined from cumulative light
measurements at dusk and dawn over a couple of
nights it is important that the Photocell remains
continuously powered.

If the power is removed, it will take the Photocell
some days to re-synchronise and re-establish the
correct timing. Please note that the timing is not
exact and only 'DLS’ versions can compensate for
changes in the time due to daylight saving (for
example, GMT/BST change-over).

Part Night
Dimming Photocells:

A further variant is a part night dimming
Photocell. The operation is like the above,
with the capability to dim the light during
the night instead of switching it off
completely.

This balances energy saving against security
considerations and are available with factory-
programmed multi-step dimming profiles.
Examples of part night dimming photocells are
$S21 Miniature and Precizion HALO Zhaga (for
SR drivers).

Part Night LED flashes:

Two flashes in quick succession every few
seconds: the cell is operating in all-night mode
(it has not yet established the midpoint of night).
This operation occurs until the cell has operated
dusk-dawn for one whole night.

One flash every second: the cell has calculated
its night midpoint (and will therefore switch off
its load at its programmed part-night time) but
has not yet correctly established its programmed
part-night early morning ‘on’ time. This operation
occurs after the cell has operated dusk-dawn for
one whole night.

The cell also operates in this mode at around the
time of the changeover from Greenwich Mean
Time to British Summer Time or vice-versa.

The preparation for the transition automatically
commences approximately one week prior to the
“changing of the clocks” (assuming that the cell
has a clear, uninterrupted view of the sky - i.e.,
itis not situated under tree foliage, etc.) and
continues for approximately one week afterwards.
After this period, the timings should be following
the same clock settings being observed in Britain.

One flash every ten seconds - the cell is fully
calibrated for part-night operation and will
switch off its load at the programmed part-
night ‘off’ time, and back on (if required) at the
programmed part-night ‘on’ time. This operation
occurs after the cell has been operational for
approximately ten days without any interruptions
to the power supply, and when the photocell has
not entered its GMT / BST transition period.
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Energy Consumption

Did you know bright sunlight is around 10,000 Lux, and
even the brightest mood light is under 0.5 Lux?

Lucy Zodion

Cost Savings

There are approximately 6.5 million lighting columns
in public ownership in the UK. The average cost
of operating a light, inclusive of energy cost and
maintenance is between £40 and £80 per year.

Ratios:

Consumption: Photocells consume energy.
The amount varies according to the technology
used. Generally, modern photocells consume less
than 0.5W (approx. 4.4kWh/year) and several are
less than 100mW (which equates to less

than 1kWh/year).

Burning Hours: The total number of hours that
a photocell operates the light each year is called
the annual burning hours. Burning hours have the
most dramatic effect on consumption.

A further 100hrs/year on a 100W load results

in an additional 10kWh/year consumption
Switching level, switching accuracy, and switching
ratio have most effect on burning hours.

A major consideration is how accurately and
consistently the load is controlled over a long
period of time.

Comparison of typical burning hours

Switching  Switching  Annual

Level Ratio Burning Hours
70 Lux 15.5 4214
70 Lux 1:0.5 4150
55 Lux 1:0.5 4130
35 Lux 4103
20 Lux 11 4091
10 Lux 11 4072

The above tables show a TYPICAL example of
the burning hours for Photocells with various
switching ratios and switching levels. The actual
number of hours will vary according to the
weather profile of the year and the exact location
of the installation (these figures are based on

the Midlands).

Daylight and Photocells - what you need to know:

Daylight contains much more than just

le light; however, our eyes are only

ific band of wavelengths.
The intensity of visible light, corrected for
y to colour is

the eyes” varying sens
measured in Lux.

Wavelengths of daylight that the eye is not
sensitive to do not contribute to a measurement
of Lux.

www.lucyzodion.com

The day-night cycle results from the earth’s
rotation. A consequence of this is a relatively
quick decline of light at dusk (and rise at dawn).

The proportion of visible light to other
wavelengths varies not only on a diurnal cycle,
but also seasonally and is dependent on prevailing
weather conditions. This means that only direct
measurement of visible light level can accurately
reflect the level of light that our eyes see due

to daylight

Cost savings — Modern Photocells:

- Photocells consume electricity 24/7, 365 days per year

g - Older types drew around 0.5W - 1.0W
2 - Modern types of photocell draw <0.25W
3 - The latest designs for example, ZCELL consume less than 0.1W (100mW)
g - Choice of the latest photocell type saves energy consumed by the photocells themselves
2
&
Electricity Cost £0.17 per kWh
0.5W photocell = £0.74p.a
0.1W photocell = £0.15 pa.
A saving of £0.59 per photocell, p.a.
Cost savings — Lux Level & Ratio
Reducing the Lux level will reduce the number of burning hours per year.
70 Lux On, 35 Lux off (1:0.5 ratio) photocell = 4,150 burning hours per annum
35 Lux On, 18 Lux off (1:0.5 ratio) photocell = 4,103 burning hours per annum
20 Lux On, 20 Lux off (1:1 ratio) photocell = 4,091 burning hours per annum
T 10 Lux On, 10 Lux off (1:1 ratio) photocell = 4,072 burning hours per annum
3 (Burning hours source: Elexon, typical figure for central UK location)
3
3

Electricity Cost £0.17 per kWh
36W LED streetlight = £0.00612 cost to run per hour

70/35 Lux @ 4,150 hours p.a. = £25.40 electricity cost per light, p.a.
20/20 Lux @ 4,092 hours p.a. = £25.04 electricity cost per light, p.a.

A saving of £0.36 per light, p.a.

Choice of a modern photocell and Lux level can save around £1 per streetlight, per year.
Across 10,000 photocells this is an energy saving of £10,000 each year, every year!

"




image247.png
Lucy Zodion: Street Lighting Controls

ucy ’ Zodion

Cost Savings Sensors & Load Switches:

Did you know Part night photocells can almost Did you know that here at Lucy Zodion
cut energy costs in half! we produce over 700,000 photocells a year!
Cost savings — Long-life Photocells Sensors

: : : The most critical part of any photocell is the light ical devices that combine
Long design life, long warranty photocells are aligned et ety hotasansite secion nd  sgnl
with LED service life and are maintenance-free play an important role in providing relzble processing circuit into one package

daylight detection.

Remember that long design life, long warranty photocells save on Maintenance costs too.

Need more? DuskDawn  SPectral
. e Sensitivity
Drift Switching ) Other
- : Repeatability 'S Photopic
Cost savings — Part Night P response
Unfiltered Imperceptible _ Moderate Moderate
i i is a mi i Photodiode
At the heart of a Lucy Zodion part-night photocell is a microcontroller which measures the R Fitered mperceptible  Poor Very Poor InsirI\sl‘llv: to
time elapsed between selected symmetrical light levels in the evening and morning. visible light
Glass Filtered _ Imperceptible _ Excellent Excellent
o Photo - IC Some versions
True Midnight - GMT Fltered or Imperceptible  Excellent Excellent provide digital
Compensated
1.30am outputs
The use of daylight
changes to
1.00am Getermine the time
of day is subject
0.30am to.an annual
IVariance GMT thythm that 100
Midnight — T R A - naturally leads to \
True Midhight GMT a+/- 15minute 80
variation in
11.30pm timing throughout

the year. 60
11.00pm Eye Response
30Jan O1Mar 31Mar 30Apr 30May 29Jun 29Jly 28 Aug 27Sep 270Oct 26Nov 26 Dec 40 \

\ Diode Response

20

20 Lux On, 20 Lux off photocell
= 4,091 burning hours per annum = £25.04 electricity cost per light, p.a

Modified Diode
Response

20 Lux On, 20 Lux off Part Night Midnight - 5.30am OFF photocell
= 2,203 burning hours per annum = £13.04 electricity cost per light, p.a
A saving of £11.56 per light, p.a.

Part Night

www.lucyzodion.com 13
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Load Switches

Photocells typicaly use one of two devices to high-power discharge street lighting applications)

switch the load however this can be mitigated by techniques such
- Electromagnetic relay (most common)

- Semiconductor (solid state)

as predictive load transfer

There are several semiconductor devices capable
Electromagnetic relays are small, capable of switching street lighting loads. These devices

of operation at low power and widely used in are reliable, simple to control and are effective

many applications. They are relatively poor at at transferring high inrush loads. It is relatively

transferring high inrush loads (common to many ~ ©3Y 0 implement zero-cross switching with

semiconductor switches

Load Switching  Load Holding

Consumption Capacity Capacity size
Electromagnetic Relay _Moderate - Excellent __ Moderate Excellent Moderate
Semiconductor Excellent High High Small - Moderate

www.lucyzodion.com
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Possible Sensor Technology

Infra-Red Thermopile |  Light Dependent
cra
Sensor Resistor (LDR) S
Photo: %
Can detect heat CTs are known for
Advantages: | itiedfromlight | LDRsare inexpensive | thelr exceptional

sources. and readily avalable. accuracy in

TG
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Advantages:

Non-contact-based
temperature sensing
device.

Available in small
sizes.

LDRs are simple and
compact devices,
making them easy to
use and integrate into
electronic circuits,

LDRs demonstrate
good linearity in their
resistance changes
relative to light
intensity variations

CTs are easy to
install and are non-
intrusive.

CTs provide
electrical isolation
between the
primary circuit and
the secondary
circut. Preventing
high currents from
reaching measuring
equipment.

Al streetlights have
fused electrical
supply, making

adaptation to fit all

types easier.

Disadvantages:

Thermopile sensors
should not be
exposed to direct
sunlight or molsture.

Does not measure
the presence of light
directly, but the
emitted radiated
power to determine
the object’s
temperature.

May not sense the
cold LED emitted light

LDRs are influenced by
environmental factors,
making them sensitive
to ambient lighting
variations.

An LDR based
monitoring device
would need to be
located close to the
lantern, meaning it

‘would need a high IP

rating,

An LR based
monitoring device

CTs can be
expensive.

Split-core CTs may
have slightly lower

accuracy compared
tosolid-core CTs.

source. would be difficult to
adapt to a wall
mounted Lantern.
selected v
Referen 36, [37] 8] 139]
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GPS Time.
Battery Voltage
Current from Light
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Current Transformers

system: AKW48028 CTASKIOOASA | CTSCMWH30/0.333v
Company: Panssonic Carlo Gavazai HOBUT
N
Photo: D
Materal: NA PAGS Nylon
primary current: 1008 1000 308
Rated secondary 32.3ma sa 0333AC
current:
Frequency: 50760 Hz 50760 iz 50 to 400Hz
Rated system 100-220V AC 600V AC Upto720V AC
voltage:
1005
Current Ratio: 3000:1 or20:1 1001
0r0.05 (207 of 1)
iole Dlameter: Tomm 24mm Tomm
P Rating: /A P20 /A
Insulation class: N/A [enraluizn N/A
: (Ec 60085)
Operating
Temperature -10't050°C -20't0 65 -15°tos0°C
Range:
size: 75X50 x50 mm NA BT BAXELT
mm
Weight 170g 165 /A
price: 7650 5.9 B177
deal solution for quick
D and easy installation
Advantages: | et | Without discomnecting Compact
cables during
store Setting Values
installation
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Potential Harmonic
Distortions,

Disadvantages: . For use with
athanissss e Multifunction Meter
Environmental
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Selected: v
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system: 746 TEL0132 GPS-19166
Company: Adafruit DFROBOT Sparkeun

GPS Receiver

GPs Breakout o GPS Module
Operating Supply +3.3V-5V DC +3.3V-5V DC +3.3V-5V DC
Voltage:
Operating Supply 25mA 25mA 55mA
Current:
Frequency: 1,575 GHz N/A 1575.42 MHz
Baud Rate: 9600 4800115200 bps 9600
Protocol Message: NMEA-0183 NMEA-0183 NMEA-0183
Chipset WITK3335 AT6558 WT3337
First Fix
Connection: UART UART UART
Operating
Temperature N/A -40°to 85°C -40°to 85°C
Range:
Backup Battery: Yes Yes Yes
35x255x65mm | 10.1x9.7x24mm | _18x18x7mm
8.5¢ 0.6g N/A
£23.61 £17.00 £15.60
Common Connection Common Common

Advantages:

Method

Connection Method

Connection Method
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Additional Aerial

e Required, Additional Aerial Higher Supply
Required Current
Slower FixTime
Selected: v
Referencing 23] (4] 14s]
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DC-DC Convertel

syster TEL3-1223 1CA0205D03 RS3-05150/H3
Company: TRACOPOWER XP Power RECOM Power
SFe
Photo: <
\_/ i
Number of
outpats Dual Dual Dual
Output Power: 3w 2w 3w
Input Voltage: 9-18Vdc 45-9v 45-9v
Nominal Input v v v
Voltage:
Output Voltag 5V 5V 15V
Output Current: 100mA 70ma 100 ma
DIL2a
Package: Plaste Package Wetal sip-s
Operating
Temperature -40°to 85°C -40°t0 200°C 40’ to71°C
Range:
Size: 32x20x102mm | 254x202x10mm | 218%92x1L1mm
£ 125 12g a7g
Price: £82.75 1597 £17.49
Low Input/High
§ High Temperature Output
Advantages: High Efficiency Tt
Smaller Package
Expensive,
pisadvantages: @ | (e
Large Package ower emperature
Selected: v
Referencing: 6] 7] 1as]
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NEMA Record

GGA Global positioning system fixed data
GLL Geographic position  latitude / longitude
GSA GNSS DOP and active satellites

GSV GNSS satellites in view.

RMC Recommended minimunm specific GNSS data
VTG Course overground and ground speed
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Message 1D $6PGGA GGA protocol header
UTC Position To1229.487 hhmmsssss
Latitude 37232475 dddmm.mmmn
Tatftude Direction N W= North or s = South
Longitude 12158.3416 dddmm.mmmm
Tongitude Direction W Fast or W = West
0: Fix not available or nvalid
1:6PS 5PS Mode, fix valid
Position Fix Indicator 1 2: Differential GPS, SPS Mode, fix
valid
3:6PS PPS Mode, fix valid
Number of Satelltes - Fo——
use
HDOP 10 Range: 0.5t0 98.3
Sea Level Altitude 50 Wieters | Range: -9959.9 10 59358
Units ™ ™ W1 stands for meters
Geoid Separation Wreters
Units ™
Age of Correction eonas | EPY when o differertial data
Data presented
" Range: 0000 to 1023 (empty when
(T Ceh S D Ciy no differential data is presented)
Checksum of allcharacters ASCI
codes betuween $ and *
Checkeam s (XOR each byte to get checksum,

then convert it into ASCIl
charactersin
hexadecimal)

<CR> <LF>

End of protocol frame
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GPS Location - Latitude

Values to be stored
dddmm.mmmm,

Latitude Direction Nor)s
GPS Location - Longitude dddmm.mmmm,
Longitude Directi E(onNW

GPS Time Stamps

hhmmss
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Parameters

Values to be stored

Number of Bytes
required for each write
to memory

GPS Location - Latitude dddmm. mmmm, 1

Latitude Direction N(on)s 1

GPS Location - Longitude dddmm. mmm, 1
Longitude Direction ElonW

'GPS Time Stamps.

hhmmss.
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Frequency of measurement

GPS Location - Latitude

Latitude Direction

GPS Location - Longitude

T Di

At start of data logging.
Once satelite fix has been established = 1

GPS Time Stamps

4/Day
(Light ON Evening
Light OFF Midnight
Light ON Morning
Light OFF Morning)
(Over a 7-day monitoring period)
4x7=28
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Number of Bytes Number of Bytes

[Faameters V"'":' ‘: B | e | cortiemty
ore writeto memory  monitoring
GPS Location - dddmm.mmmm, 11 11
Latitude
Latitude Direction N{or)s 1 1
GPS Location - dddmm.mmmm, 11 11
s Loc
Tongitude Direction Efon W 1 1
Sub Total (Location) 2
GPS Time Stamps_| hhmmss [ 6 168
Sub Total (Time Stamps) 168
Total 192
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Parameters Output from Device
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meters

GPS
EEPROM 12G/5P1
Current (CT) Tx Analog Input
Battery 1x Analog Input
Buttons ax Digital Inputs
LED Indicators 2« Digital Outputs
LCD Screen 7x Digital Outputs
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PICI6C74A  PIC16F887

Family 8-bit MCU_| 8-bit MCU | 8-bit MCU_| 8-bit MCU
CPU Type PIC PIC PIC PIC
Program Memory 12k8 28k8 7k8 7k8
RAM B (byte) 640 2088 192 192
Max /0 Pins 21 25 33 33
Pincount 2 2 0 0
CPU Speed
(MIPS/DMIPS) © 8 > >
Sk Pricing null 0.68 538 B
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Peripheral Pin Select

: No Yes No No
/ Pin Muxing
o Out Reset | ProETT
BrownOutReset | PEPM | gop 808 808 B0R
LowValtage | Programm | e e -
Detection ablewo | ™ s s "
Power On Reset Yes Vs Ves No Ves
s20bs, BMHz, 32
Internal Oscillator No = No amwe | BV
Hardware RTCC/RTC | o No No No
Watch Dog Timer Yes Yes Yes Yes Yes
Number of
E o o 2 o
"ADC Modules Min
MB megabyte MB 1 1 1 1
(megabyte)
ADC Channels s 7 5 5
‘ADC Resolution (bits] | 10 10 10 s
ADCWith o o o o
o
Number of DACS 0 0 0 0
DAC Outputs o o o o
DAC Resolution (Bits) | 0 0 0 0
Internal Voltage o e o o -
Zero Cross Detect 0 0 0 0
Data Signal
Modulator (DSM) ° ° ° °
8-6it Digital Timers | 1xbt | 1xebt | 2xebt | oxebe | oxebi
16-Bi Digital Timers | 3 x 16-bit | 2x16-bit | 1x16-bit | 1x16bit | 116 bic
Signal Measurement
s 0 0 0 0 o
Hardware Limit Timer |0 1 0 0 o
Standalone PWM 0 2 0 0 o
Capture /
compare/pwm(ccr) | ° 2 2 2 .
Enhanced
Capture/Compare/p | 0 o o 3 1
W (Ecce)
PWM outputs
(including 0 0 0 0 3
complementary)
‘Number of PWM
Time Bases ° ! ° ° °
PWM Resolution 5 " " 5 "
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Quadrature Encoder

nterface 0 0 0 0
aRe il il il il
ART with Protocol
uith e nal 0 nal nal
spt 1 1 1 1
e 1 1 1 1
Number of USB
Modues 0 0 0 0
use None | None | None | Mone
can o o o o
Ethemet None | Mone | None | Mone
N No Yes No No
won No o o No
Faralel Port No No esp No
Windowed Watch
indowed watch | o No nal nal
e o o o o
Configurable Logic
cell (cLc/cct) ° ° ° °
Segmented LCD (#of
o o o o
Segments)
Cap. Touch channels |0 ot o o
Coypto Engine No No No No
1TAG Max o
None | None | MNone | None
terabyte)
Temp Range Min |40 =0 %o %0
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Operation Voltage
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Operation Voltage
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MICROCHIP PIC16F882/883/884/886/887

28/40/44-Pin Flash-Based, 8-Bit CMOS Microcontrollers
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28/40/44-Pin Flash-Based, 8-Bit CMOS Microcontrollers
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Options for

Power Source

System:

Battery

Solar

Utility Power

Photo:

Battery power allows
embedded systems to
be mobile and used in
various locations

out being.

tathered to a power
outlet, making them
jeal for applications
like remote sensors.

Battery-powered
systems can be safer
than systems that use

high-voltage power,
reducing the risk of
electric shock.

Battery-powered
systems can simpli
designs as they don't

usually require

complex circuitry.

Solar panels provide
an environmentally
clean and sustainable
energy source.

Utility power is
consistently
available where
streetlights are
located.

powered

systems require less
maintenance than
battery-powered
systems, as there is
no need for battery
replacement or
charging.
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Disadvantages:

Batteries have a finite
amount of energy
storage, so can only
power a device for a
certain duration
before needing to be
recharged or
replaced.

Batteries can be
bulky and heavy,
which can be a
challenge for
compact or portable
embedded systems.

Batteries require
recharging and
replacement, which

Solar panels, inverters,
batteries, and wiring
can be expensive.

Storing solar energy
for later use requires
batteries to store
enough energy for
periods of low sunlight
or nighttime use.

Solar energy
generation is directly
tied to sunlight
availability. Output
drops on cloudy days
and is non-existent at
night. Areas with less
consistent sunlight will
experience reduced

Utility power
systems are subject
to outages and
other disruptions.
This can lead to
unreliable operation
of embedded
systems.

Utility power
systems can be
dangerous if not

designed properly.

Devices operating
on utility power may
require specialized
safety measures and

certifications to

can be time- - ensure safe

) energy output, with :
consuming and operation.

lower output during
costly.
winter months.
Selected: v
Referencing [50] [51] [52]
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US38E | power / | Power /
System Qty | Voltage | Current | Power | (Hrs./ B ——
day)
Readin, sV | 450 225 1 225 3.15
g AL W 5 b
. 25
EEPROM | Writing | 1 5V 5mA 1 25 35
mw
0.025
Standb, 5V 5 2 055 0.77
andby w |
100
GPS 1 5V | 20mA 24 2400 | 3360
mw
0.000
Standby 5V | s0pA | 25 23 | 0.00575 | 0.00805
PIC 1 mw
0.055
Operat sV | 11pA 1 0055 | 0.077
perating wa |
33
Lco 1| 33V | 1mA 24 79.2 168
mw
Op-Am) 2 sov | 10ma | 3% 24 7200 | 3360
p-Amp s
90
LED (Red) 1 5V | 18mA 24 2160 | 3024
mw
90
LED (Green) 1 5V | 18mA 0.25 25 315
mw
25
DC-DC Converter 1 sV | somA | 24 600 | 8400
Total Power | 635.6 mW or 0.64 Watt

Total Power / Day

12,489.6 mW or 12.5 Watt

Total Power / Week 27.2 mW or 87.4 Watt
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Usage mAh/ mAh /
System Qty Current (s, / day) WB”;/ Sty
Reading 450 pA 1 045 3.15
EEPROM | Writing 1 5mA 1 5 35
Standby 5pA 2 011 0.77
GPS 1 20 mA 24 480 3360
- [Standby’ Q 50nA 23 000115 | 0.00805
| operating 11 pA 1 0.011 0.077
LcD 1 1mA 24 24 168
Op-Amp 2 10 mA 24 480 3360
LED (Red) 1 18 mA 24 432 3024
LED (Green) 1 18 mA 025 45 315
DC-DC Converter 1 50 mA 24 1200 8400
Total mAh / 7 Days 18,382.5 mah

& Battery Requirement
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system:
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