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1. [bookmark: _Toc2357240]Introduction

The aim of this project was to design two systems, both with the aim of detecting CO2. The first system was a modern redesign of an older CO2 detector, originally designed using the Von Neuman architecture and utilising ultrasonic measurement. The second system differs from the first in that it does not use ultrasonic measurement and is designed using contemporary components, with the aims of portability and battery life. The systems will be designed within simulation software and then translated onto a PCB.

2. [bookmark: _Toc2357241]Redesign of original CO2 detector

2.1. [bookmark: _Toc2357242]Component selection

The first system is a redesign of an older CO2 detector based on the Von Neuman architecture. The original systems design is shown below in figure 1 [1]. By redesigning this system using a PIC Microcontroller it is possible to combine many of the peripherals into a single PIC device. These peripherals include:
· Watchdog Timer
· Clock Gate Logic
· 3 to 8 DecoderFigure 1 Shows the Von Neuman design of the original CO2 detector.



To determine the appropriate PIC Microcontroller a list of specifications was taken from the original design, shown above in figure 1. 
· Clock speed: 16MHz+
· Ram: 8K+
· EPROM: 32K+
· 8bit counter: 2+
· ADC: 4+
These specifications were then taken and put into Microchips parametric search [2], this makes it easier to find a PIC Microcontroller that suits the requirements of the project. The outcome of this search is shown in figure 2. From this search the PIC18F25K42 was chosen. Whilst all the PIC’s displayed below meet the requirements of the system, the PIC18F25K42 was chosen due to it having the lowest cost. Figure 2 Shows the results of the parametric search.


As can be seen in figure 1 the system also contains 2KB of EEPROM, this was added using an M24C08 EEPROM Module [3]. This module connects via I2C and works at either 100kHz or 400kHz. The important components of this system are the sensors. Two sensors are utilised in the first system, an ambient air temperature sensor and the ultrasonic measurement sensors. A table below has been constructed to display a variety of options. The sensor highlighted is the sensor chosen for the system. It was chosen as it fulfils the requirements and is the lowest cost of the selected options.
	Sensor
	Manufacturer
	Vendor
	Price
	Range
	Output

	HIH6030-021-001 [4]
	Honeywell 
	Farnell
	£6.63
	-40 to 100c
	I2C

	SHT25 [5]
	Sensirion
	Farnell
	£7.63
	-40 to 125c
	Digital

	HIH8120-021-001 [6]
	Honeywell
	Farnell
	£7.08
	-40 to 125c
	I2C



For measuring the CO2 levels using ultrasonic a transmitter and a receiver are needed. These can be found as either individual components or combined into a single transceiver. For this system individual transmitter and receiver will be used to ensure accuracy and reliability. A table has been constructed below showing options for both transmitter and receiver. The chosen components have been highlighted. The sensors were chosen due to reduced cost and drastically lower minimum range, allowing the system to be more compact.
	Sensor
	Transmit or Receive
	Manufacturer
	Vendor
	Price
	Frequency
	Minimum Range

	MCUST18A40B12RS [7]
	Transmit
	Multicomp
	Farnell
	£6.09
	40kHz
	

	MCUSR18A40B12RS [8]
	Receive
	Multicomp
	Farnell
	£6.13
	40kHz
	0.1m

	MA40S4S [9]
	Transmit
	MuRata
	Farnell
	£21.48
	40kHz
	

	MA40S4R [10]
	Receive
	MuRata
	Farnell
	£21.48
	40kHz
	0.7m



2.2. [bookmark: _Toc2357243]Circuit Diagram

Figure 3 below shows the full circuit diagram for this system. This circuit diagram was created on the electronic simulation software Proteus [11]. This allows for systems to be designed in their entirety and then simulations to be run to determine any errors before a physical prototype is constructed. However, it does not contain every component and as such cannot simulate everything perfectly. as can be seen in figure 3 the temperature sensor used for the simulation is not the one chosen for the system, however for the purpose of simulation it is sufficient. Similarly, there is no ultrasonic transmitters or receivers in the proteus libraries and as such they have been simulated individually using a pulse attached to a clamp. The clamp ensures that the voltage output to the PIC never exceeds 5.1V. Figure 3 The full circuit redesign of the original CO2 detector.



Once the design on Proteus had been completed the system was then redesigned using specific components using the Easy PC PCB design software from Number One Systems [12]. This software allows for accurate systems design and then the translation of that onto a PCB. Figure 4 shows the completed PCB schematic for the system, whilst figure 5 shows the 3D PCB model. As can be seen the PCB for this system is extremely long. This is due to the Ultrasonic sensors having a minimum range of 10cm. As such the two sensors must be separated by at least 10cm to ensure accurate readings. To be certain the sensors have been placed 20cm apart, to remove any doubt. The total dimensions for the PCB are 50mm by 209mm. Using pricing from jlcpcb.com [13] a test run of five PCB’s would cost £28.63.Figure 4 Shows the PCB schematic of the redesign of the original system.

Figure 5 Shows the 3D PCB model of the resigned system.


2.3. [bookmark: _Toc2357244]Principles of Operation

The redesigned system works primarily on the principles of ultrasonic measurement. This is fundamentally a time of flight system, measuring the travel time of an emitted pulse from the transmitter to the receiver. The time taken for the ultrasonic pulse to reach the receiver is put into the following equation: . As the speed of sound is known to be 343m/s at room temperature (21°c) [14], [15], and the distance between the ultrasonic transmitter and receiver is static, any change in time shows a change in CO2 levels in the air. As CO2 levels rise the time taken for the receiver to receive an ultrasonic pulse also rises. 
The temperature sensor is a transducer, with a low thermal mass and a rapid response time it provides an digital output relative to the temperature [16]. Accurate temperature readings in this system have two primary uses. First the temperature can be plotted alongside CO2 readings to determine any correlation. Second, a temperature sensor allows the system to dynamically adapt the value for speed of sound according to the current ambient temperature (if desired). This allows for temperature to be removed as a variable, this as a result provides the most accurate CO2 readings possible. 
There are several modules within the PIC microcontroller which are utilised within this project. First the counter timer module. A counter timer module is used as a high-speed clock, timing the travel between the transmitter and receiver. These high-speed clocks are supplemented with the PIC’s internal capture and compare (CCP) modules. When used in capture mode it allows the PIC to measure the duration between the rise and fall of a digital pulse with both accuracy and speed [17]. As this embedded system is not constantly monitored it requires a degree of self-reliance. If there is a software issue, then the system may cease to function. A watchdog timer can prevent this, it acts as a count down to zero, waiting for a periodic restart pulse from the CPU. If the watchdog timer reaches zero without receiving a restart pulse, it assumes the software has failed and issues the CPU reset signal restarting the system [18].


2.4. [bookmark: _Toc2357245]FlowchartFigure 6 A flowchart outlining the general operation of the system.


To illustrate the general operation of the software within the system a flowchart has been created and is displayed in figure 6.


























2.5. [bookmark: _Toc2357246]Parts list and pricing

A parts list has been created and is displayed below with prices of individual components and the final pricing for the system. 
	Part
	Vendor
	Price
	Quantity 
	Total Cost

	PIC18F25K42
	Farnell
	£1.45
	1
	£1.45

	HIH6030-021-001
	Farnell
	£6.63
	1
	£6.63

	MCUST18A40B12RS
	Farnell
	£6.09
	1
	£6.09

	MCUSR18A40B12RS
	Farnell
	£6.13
	1
	£6.13

	M24C08
	Farnell
	£0.11
	1
	£0.11

	LCM-S01602DTR/M LCD Display
	Farnell
	£7.89
	1
	£7.89

	PCB
	Jlcpcb.com
	£5.726
	5
	£28.63

	
	
	
	
	£56.93






3. [bookmark: _Toc2357247]Contemporary design

3.1. [bookmark: _Toc2357248]Background research

With CO2 levels being a significant health and safety concern in a variety of locales such as confined workplaces, a portable CO2 level monitor is a vital piece of safety equipment. Because of this there are a wide range of portable CO2 monitors available on the market. A selection of these have been analysed and placed in the table below. Analysing current availability allows features to be identified as options for the system designed here or future versions. From the table below it can be seen that there are several features that appear across multiple CO2 monitors:
· Programmable alarm
· Protective casing
· Standard rechargeable batteries
· Display
These are all features that will be incorporated into the design of the second system. Additional features such as USB and data logging are less common, only appearing on one of the detailed systems, however, features such as this can also be implemented in this system to provide greater functionality.
	Monitor
	Manufacturer
	Vendor
	Price
	Features

	100% CO2 Sampling Data Logger [19][image: https://cdn.shopify.com/s/files/1/0019/5952/products/CM-0003_grande.jpg?v=1506541533]
	CO2 Meter
	CO2Meter.com
	£1,145.33
	CO2 data logging with time stamps.
USB.
Programmable alarm.
Rugged Casing.

	SAN-10 [20] [image: Personal 5% CO2 Safety Monitor]
	CO2 Meter
	CO2Meter.com
	£305.68
	Programmable alarm.
Rechargeable LI-Ion battery 12 Hours. 
IP54 housing.

	pSENSE [21]
[image: pSense Portable CO2 Meter]
	CO2 Meter
	CO2Meter.com
	£175.44
	24 hour battery life.
CO2, Temperature and Humidity.
ABS Plastic casing.



3.2. [bookmark: _Toc2357249]Component selection

The second system utilises contemporary sensors for measuring CO2 but is still based on a PIC microcontroller. To determine an appropriate microcontroller for this system several specifications were identified: 
· 16MHz clock speed
· 40 pins
· One USB module
· One I2C module
· One SPI
· One UART
These specifications were put into the Microchip parametric search [2] allowing a PIC to be easily selected for this system. The result of the search is displayed below in figure 7. The chosen PIC Microcontroller is the PIC18F45K50 as it meets the required specifications.Figure 7 The parametric search for the contemporary system.

The second system is intended to utilise contemporary sensors instead of the ultrasonic sensors used in the original system. There are a variety of methods which can be used to measure CO2 levels these are:
· Infra-red Spectrography
· Raman Spectrography
· Mass Spectrography
· Photoacoustic Spectrography
Infra-red is the most compact as well as the least expensive of these options. It works by emitting an IR ray which is then absorbed by CO2, the amount of light received at the IR detector can be used to determine the concentration of CO2. Raman scattering spectrography uses gas samples in an analysing chamber, these samples are illuminated by a high intensity monochromatic argon laser. This excites the molecules and they begin to emit low intensity signals (Raman light) which are measured at right angles to the laser. The spectrum generated from these signals can be used to quantify the types of molecules in the gas. As this requires an analysing chamber and a high-powered argon laser, this is not a viable option in a portable device. Similarly, to Raman scattering spectrography, with mass spectrography the gas sample is placed in a chamber, this time high vacuum. It is ionised and fragmented by an electron beam. An electric field accelerated the ions into a final chamber containing a magnetic field. The magnetic field forces the particles to follow a path proportional to the charge: mass ratio. Using a detector plate the components and concentration of the gas sample are determined. Systems for mass spectrometry are expensive and bulky and so would be extremely ineffective in a portable CO2 detector. Photoacoustic measurement utilises a pulses of IR energy applied to a gas causing pulsing increases in pressure within the gas. If the frequency of the pulsation is within the audible range an acoustic signal is produce and detected by a microphone. This is more accurate and more reliable than IR spectrography whilst also requiring less maintenance and less calibration. However, there are considerably less sensors available making it considerably less viable [22]. 
As such a Non-Dispersive Infra-Red (NDIR) sensor was determined as an appropriate alternative due to the variety available combined with high accuracy, reliability and measurement range. Three sensors that were considered are displayed in a table below with the selected sensor highlighted. The SCD30 was selected due to its lower price, higher measurement range and low voltage requirements. The SCD30 also includes and in-built temperature and humidity sensor, stretching its capabilities and making it more desirable. 
	Sensor
	Manufacturer
	Vendor
	Price
	Measurement Range
	Accuracy
	Voltage

	SCD30 [23]
	Sensirion
	Farnell
	£43.87
	0-40000ppm
	3%
	3.3V-5.5V

	T6713 [24]
	Amphenol
	Farnell
	£79.57
	0-5000ppm
	3%
	4.5V-5.5V

	T6615-F [25]
	Amphenol
	Farnell
	£172
	0-2000ppm
	10%
	5V



The system will be powered using rechargeable Lithium-Ion batteries to ensure simplicity and compatibility. Specifically, A RS PRO Li-Ion battery was chosen for this system, its specifications are listed in the table below. This battery will be used in a two by two configuration to provide a voltage of 7.4V and a total of 5200mAh. To determine if this battery configuration would be sufficient the battery life was calculated using the Digi-key battery calculator, shown below in figure 8. This determined that the battery configuration would provide approximately 30 hours of battery life. This does not account for system down time between readings and as such this value is just an approximation.

	Battery
	Manufacturer
	Vendor
	Price
	Voltage
	Capacity

	RS PRO 18650 26mAh [26]
	RS Components
	RS Components
	£8.46
	4.2V
	2600mAh


Figure 8 Digikey battery life calculator.













3.3. [bookmark: _Toc2357250]Circuit Diagram

Figure 9 shows the full circuit diagram of the second system. Like the first system it was design using the Proteus simulation software. As a NDIR sensor is not included within the Proteus libraries and there is no way to simulate it, it is displayed simply by the module’s connections. Figure 9 Shows the main circuit simulation for the contemporary system.


The contemporary system is also required to allow charging via USB. This requires some additional charging circuitry. This is shown in figure 10. By using four 4.2V batteries in a two by two configuration as shown in figure 10, we get both an increased voltage allowing it to reach the minimum 5v required to power the system. When the USB port is connected that 5V is taken by the U3V12F9 [27] voltage converter to be ‘stepped up’ to 9V, this is the minimum requirement of the LTC4002ES8-8.4PBF [28] battery charging controller. Once the charging has been configured and enumerated by the Microcontroller the charging can occur. Using an external sense resistor to monitor charge current and an internal resistor divider, the float voltage is set to 4.2V per cell, with approximately 1% accuracy. When the charge is complete, or the USB connection is removed the controller enters a sleep mode, reducing drain current to just 10uA. Considering the components used throughout this system are designed to run on 5V, the 8.4V output of the batteries is two high, therefore a second voltage regulation system is employed. This takes the 8.4V output of the batteries and steps it up to 9V, this is then taken directly into a S18V20F9 [29] step down voltage regulator which steps down the voltage to 5V. 


Figure 10 Shows the battery charging and regulation circuitry of the contemporary system.

Just as with the first system the circuit was then transferred to a PCB using Easy-PC. The PCB schematic is shown in figure 11 and figures 12 and 13 show the 3D PCB model. The PCB created for this system measure 84mm by 146mm so is small and therefore easily portable. Using pricing from JLCPCB.com [13] a test run of five PCB’s (minimum order) would cost £29.37. 


Figure 11 Shows the PCB schematic of the contemporary system.
































Figure 12 Shows the front 3D view of the PCB.



Figure 13 Shows the back 3D view of the PCB.




3.4. [bookmark: _Toc2357251]Principles of Operation

The system uses Non-Dispersive Infra-Red (NDIR) sensor for the detection and monitoring of CO2 levels. NDIR works by shining an infra-red beam through a sample, measuring the amount absorbed at a certain wavelength. From this it is able to determine the volumetric concentration of CO2 in the sample [30]. The data retrieved by the NDIR sensor is compared against the user-set value, if it is more than 10% (default value) below this value then it is deemed safe. If the reading is up to 10% below the user-set value, then the orange LED is turned on to provide a warning. If the reading reaches or exceeds the user set value, then the red LED is turned on and the buzzer sounds, providing both a visual and audio alarm. 
The numeric keypad allows users to input and modify a variety of settings such as the CO2 detection warning and alarm values and the frequency of readings. This allows users to vary the settings according to the requirements of the situation and locale in which the system is being utilised. There are additional implications however, as altering the frequency of readings will affect the systems battery life. 
Temperature and humidity readings are stored alongside CO2 readings to provide detailed comparative data allowing any correlation to be identified. Each reading of CO2 levels, temperature and humidity are displayed on the LCD screen and saved to the SD card (not included). When the system is connected via USB to an external computer it automatically transfers all the stored data. 
Similarly, to the redesigned CO2 detector the contemporary system will utilise the PIC’s internal watchdog timer to ensure that the system continues to function and is capable of independently resolving any issues with software hanging. Whilst this system is designed to be used as a handheld device, implementing the watchdog timer will allow it to be used without a user.


3.5. [bookmark: _Toc2357252]Flowchart

Figures 14 and 15 shows a flowchart outlining the general operation of the system. Figure 14 Shows the first section of the flowchart for the general operation of the system.




Figure 15 Shows the second section of the flowchart for the general operation of the system.




3.6. [bookmark: _Toc2357253]Parts list and pricing

A parts list has been created and is displayed below with prices of individual components and the final pricing for the system. 
	Component
	Vendor
	Price
	Quantity
	Total cost

	PIC18F45K50
	Farnell
	£2.16
	1
	£2.16

	SCD30
	Farnell
	£43.87
	1
	£43.87

	RS Pro 18650 26H Li-Ion Battery 2600mAh
	RS Components
	£8.46
	4
	£33.84

	LCM-S01602DTR/M LCD Display
	Farnell
	£7.89
	1
	£7.89

	ECO.12150.06 Keypad
	Farnell
	£5.53
	1
	£5.53

	1-5-57-0001 USB connector
	Farnell
	£0.832
	1
	£0.83

	Micro SD slot
	TE Connectivity
	£1.52
	1
	£1.52

	PCB
	JLCPCB.com
	£5.85
	5
	£29.37

	LTCC4002ES8-8.4#PBF 
	Farnell
	£3.08
	1
	£3.08

	U3V12F9
	Pololu
	£2.98
	1
	£2.98

	S18V20F9
	Pololu
	£11.28
	1
	£14.95

	
	
	
	
	£146.02



3.7. [bookmark: _Toc2357254]Casing
Figure 16 Shows an early prototype casing design.

This system requires a rugged casing similar to those detailed earlier in the background research. This would be made of ABS plastic to ensure rigidity and longevity. Another consideration for the casing would be IP rating certification. Building the casing to IP certifications would ensure system suitability in a larger variety of conditions. An early prototype casing design is shown in figure 16.


4. [bookmark: _Toc2357255]End User Guide

This system has been created with simplicity and user operability in mind and as such is easy to operate. An end user guide has been created for and is shown below. 

4.1. [bookmark: _Toc2357256]English end user guide

The CO2 detector and monitor displays collected data on the LCD display. It also provides a visual representation of a warning using the orange LED, and an alarm using the red LED. If the CO2 level alarm is reached, a buzzer will sound at intervals to deliver an auditory alarm accompanying the red LED. 
This CO2 detector and monitor has a default CO2 level alarm, this is set at 5000ppm (parts per million). It additionally has a default CO2 level warning at 10% below the CO2 level alarm. These can be changed using the following steps:
To change the CO2 level alarm:
1. Hold # and press 1 on the keypad to change the value of the CO2 level alarm.
2. Use the keypad to enter a value from 0 – 40,000.
3. Press # to confirm the input.
To change the CO2 level warning: 
1. Hold # and press 2 on the keypad to change the value of the CO2 level warning.
2. Use the keypad to enter a value from 0 – 100%.
3. Press # to confirm the input. 

The frequency at which readings are taken can also be changed by the user. The default is set to one reading every sixty seconds. This can be changed using the following steps.
To change the frequency of readings:
1. Hold # and press 3 on the keypad to change the frequency of readings.
2. Press * to switch between seconds, minutes and hours.
3. Use the keypad to enter a value of time between readings1.
4. Press # to confirm the input.
1 Increasing the frequency will negatively affect battery life.
Readings are automatically stored on the microSD card (not included). The readings can also be retrieved via USB. Simply plug the CO2 detector into a computer and the data will be automatically transferred into a .txt file.


5. [bookmark: _Toc2357257]Future improvements

Future improvements to the system could include the addition of a Wi-Fi or Bluetooth module to allow for remote monitoring and data transfer. This would require a microcontroller with a larger selection of pins, specifically pins utilising SPI and I2C protocols to accommodate the module and it’s required connections. Further improvements could be made to the battery life, this could be achieved by using components specifically designed to be low power such as a PIC18LF45K50 microcontroller. Additional improvements to battery life could be achieved with in house designed components. Not only would this ensure that system specifications were met as closely as possible, but it would also reduce the cost of components allowing for a system that was more efficient and cost effective. 

6. [bookmark: _Toc2357258]System comparison

Both designs for this system have their advantages and disadvantages. The redesigned system, being mains powered is able to work indefinitely whereas the contemporary system has a limited battery life. It makes up for this shortfall with it’s considerably increased portability allowing for use in almost any environment. The use of a modern NDIR sensor allows the contemporary system to be drastically reduced in size whilst providing an equally accurate reading for CO2 levels, temperature and humidity all within a single chip. Both systems are capable of working independently from human interaction, due in part to the watchdog timer ensuring that any software issues are swiftly resolved with a system reset. Whilst both systems have a display, the second system also provides additional visual representations of readings through a warning and alarm LED, as well as an auditory alarm if CO2 level reach user defined levels. 

7. [bookmark: _Toc2357259]Conclusion

The aim of this project was to design two CO2 detectors, the first a redesign of an original CO2 detector, and the second, a contemporary design using modern components. Whilst the first system had specifications from which the system could be designed, the only requirements of the second system was that it must use a modern non-ultrasonic sensor and be powered using rechargeable lithium-ion batteries. By using modern components, it was possible to reduce the size of the system, increasing the portability. The systems were first designed within the Proteus simulation software before being translated onto PCB’s using Easy-PC.
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Figure 18 HIH6030 Data Sheet

Figure 19 M24C08-W Data Sheet



Figure 20MCUST18A40B12RS Data Sheet
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Figure 23 SCD30 Data sheet



Figure 24 LTC4002 Data Sheet



Figure 25 U3V12Fx Data Sheet



Figure 26 S18V20x Data Sheet




Figure 27 RS Pro 18650 Battery Data Sheet
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Datasheet- production data
Features.

+ Compatible with all 2C bus modes:
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+ Single supply volage:
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28/40/44-Pin, Low-Power, High-Performance
Microcontrollers with XLP Technology

Universal Serial Bus Features:
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1 Koy Dual Acoess RAM for USB
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Flexible Oscillator Structure:
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- Two Extamsl Clock mades, Up to 48 Mz (12
MiPs)
- Intemal 31 kz Osclator
- Intemal Oscilltor 31 kHz to 18 MHz
- Factory calbrated to = 1%
© Sefune 1o 2 0.20% max. rom USE or
secondary osciltor
- Sscondary Oscilstor using Timer @ 32 kiz
- FailSafe Ciock Monitor:
= Allowsfor safe shutdown if any clock stops

Peripheral Highlights:

- Up19.33 10 pins plus 3 Input-Oniy Pin:
- High-curent Sink'Souroe 25 mAI25 mA
- Three programmable external intermipts
© 11 programmab imerrupts-on-change.
- Nine programmable weak puilups
- Programmatie siew rate
- SRLsn
- Enhanoed Capture/Compare/PWh (ECCP)
modie
- One. swo orfour PWM outputs
© Selectabie polaty
- Programmatie dead ime
© Auto-shutdown snd uto-restart
 Puise steering control
- Capture/Campara/PWh (CCP) module
- Master Synchvonous Serisl Por (MSSF) mogule
Supporting 3-Wire 5P (al four modes) and FC™
Master and Siave modes
- Two Anslog Comparators wih Input Muliplexing
- 10-5it Anaog 10-Dighal (AD) Converer module:
- Upto 25 nput channels
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- Digtalto-Analog Converter (DAC) modie:
- Foxed Voliage Reference (FUR) with 1.024V.
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- HighlLow-Votage Detect mode
- Charge Time Measurament Unit CTMU)
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- Auto-wake-up on Start b
© Auto-Baud Detect

Extreme Low-Power Management with
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 Watchdog Timer. 00 na, ypical
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 Perpherai Modue Disable

Special

- Low-Power,High-Speed CMOS Fiash Techmaioay

© G Complier Opimized Archicure for Re-Entrant
Code

- Power Management Festures:
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Package Gy}
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Datasheet Sensirion SCD30 Sensor Module
CO2, humidity, and temperature sensor
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+ Digtal UART or PC

Product Summary
CMOSens® Technology for IR defection enabes carbon doxde mezsurementsof h fighest accuracy at a
compeiive prce.

long with the NDIR measurement technologfor detecting CO; comes 2 besti:lass Sensiion humidity and
temperature sensor integrated on the very same sensor module. Ambient humidity and temperature can be-
‘measured by Sensirion’s algorithm experfise through modelling and compensafing of extemal heat sources
‘without the need of any additional components. The very small module height allows easy integration into
different applications.

Carbon Diovide is a ey indcatorforindoor air qualty. Tharks f new energy sandards and beffernsutn,
'houses have become increasingly energy-efficient, but the air quality can deteriorate rapidly. Active ventilation
isneeded tomaintain  comfortale and heaty indoor enironmen andimprove th wel-being and produciy
of the innabians. Senrion senso solons ffer an accrate and sable monfring of CO: in e a,as wel
a5 temperatire and humidty. This enables our cusiomers fo develop new soluions tat ncrease energy
‘efficiency and simultaneously support the well-being of everyone.

Content
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2Package Ouine Drawing
3Pin-Out Diagram

4 Operation and Commurication
5 Shipping Package
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= Wide Input Supply Rang
4.7V 1022V - 4.2 Version
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= High Efficiency Current Mode PWM Controler with
500kHz Switching Freguency
= 1% Charge Voltage Accuracy
nd-of-Charge Current Detection Output
Hour Charge Termination Timer
= Constant Switching Frequency for Minimum Noise
= =5% Charge Current Accuracy
= Low 10A Reverse Battery Drain Current
= Automatc Battery Recharge
= Automatic Shutdown When Input Supply is Removed
= Automatc Tricke Charging of Low Voltage Batteries
= Battery Temperature Sensing and Charge
Qualifcation
= Stable with Ceramic Output Capacitor
= 8-Lead S0 and {0-Lead DFN Packages

APPLICATIONS

= Portable Computers
harging Docks
= Handheld Instruments

DESCRIPTION

The LTC*4002is a complete battery charger controler for
one (42V) ortwo (8.4V) cll ithium-ion batteries. With a
500Kz swiching frequency, the LTCA002 provides a
smal, simple and efficient solution to fast charge Li-on
bateries from awiderange of supply voltages. Anexternal
senseresistor sets the charge current with +5% accuracy.
Aninteral resistor divider and precision reference setthe
fina float volage to 4.2V per cllwith +1% accuracy.

Whentheinputsupplyisremoved, the LTC4002 automati-
callyenters alow current sleep mode, dropping the battery
drain currentto {0A. Aninernal comparator detects the
near end-of-charge condition while an iternal timer sets
thetotalcharge imeand terminates the charge cycle. Afer
the charge cycle ends, i the battery voliage drops below
405V percell anewcharge cyclewil automatically begin

TheLTCA02isavaiblinthe -fead SO and 10-lad DF
packages
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