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1. 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. Redesign of original CO2 detector

2.1. 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:
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Figure 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.

e Clock speed: 16MHz+
e Ram: 8K+

e 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.

Program
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Product Buy Status Documents 5K Pricing CPU Type Architecture Size (Bytes)
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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 12C 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 Qutput
HIH6030-021- | Honeywell Farnell £6.63 -40 to 100c 12C
001 [4]

SHT25 [5] Sensirion Farnell £7.63 -40 to 125¢ Digital
HIH8120-021- | Honeywell Farnell £7.08 -40 to 125¢ 12C
001 [6]

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 | Manufacturer Vendor Price Frequency Minimum
or Range
Receive

MCUST18A40B12RS Transmit | Multicomp Farnell £6.09 40kHz

[7]

MCUSR18A40B12RS Receive Multicomp Farnell £6.13 40kHz 0.1m

(8]

MA40545 [9] Transmit | MuRata Farnell £21.48 40kHz

MA40S4R [10] Receive MuRata Farnell £21.48 A0kHz 0.7m

2:2.

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.
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Figure 3 The full circuit redesign of the original CO2 detector.
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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 5 Shows the 3D PCB model of the resigned system.

2.3.  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: Time X Speed of Sound = Distance. 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. Flowchart

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

Send trigger pulse 1o ransmitter

Wait for echo pulse

Recewe echo pulse

Figure 6 A flowchart outlining the general operation of the
system.




2.5. 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 | Farnell £7.89 1 £7.89

LCD Display

PCB Jlcpcbh.com £5.726 5 £28.63
£56.93




3. Contemporary design

3.1. 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

e Protective casing

e Standard rechargeable batteries

e 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]

CM-0003

CO2 Meter

CO2Meter.com

£1,145.33

CO2 data
logging with
time stamps.
USB.
Programmable
alarm.

Rugged Casing.

SAN-10 [20]

—_—

0r-naz

CO2 Meter

CO2Meter.com

£305.68

Programmable
alarm.
Rechargeable
Ll-lon battery
12 Hours.

IP54 housing.

PSENSE [21]

CO2 Meter

CO2Meter.com

£175.44

24 hour battery
life.

co2,
Temperature
and Humidity.
ABS Plastic
casing.




3.2. 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

e One USB module

e One I12C module

¢ OneSPI

e  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.

Program Max  ADC Peripharal

Emulated = Pin

. Memory  SRAM Pin CPU with Internal

Product Buy  Status Documents  SK Pricing €PU Type Architecture ¢ o {Bytes) Iz:;r:;: Pty Rafanced i‘.:‘m: Osdbator
(KB) (MHz) Features

Muxing

FEEERE s

1 Production k| .76

2 . n Product ] 1,59 8b MCU 8 az 2048 256 40 a8 Mo 16 MHz

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:

e 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
guantify 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 | Accuracy Voltage
Range

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 Amphenol Farnell £172 0-2000ppm 10% 5V

[25]

The system will be powered using rechargeable Lithium-lon batteries to ensure simplicity and
compatibility. Specifically, A RS PRO Li-lon 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 | RS Components | RS Components | £8.46 4.2V 2600mAh
26mAh [26]




Battery Life

Battery Capacity:
5200

Device Consumption:
120

Consumption Rate:
0.7

Estimated Hours:

= | 30.3333333333

Figure 8 Digikey battery life calculator.

mAh

mA




3.3.  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.
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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.
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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.

agulator




EDCar|dReages

Figure 11 Shows the PCB schematic of the contemporary system.







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




3.4. 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 contemparary 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. Flowchart

Figures 14 and 15 shows a flowchart outlining the general operation of the system.

Yes
Has user changed sny values? Update Relevant Value

Inttiate CO2, temperature
and humididty sensor

Has WDT Timed out?

Has WDT Timed out?

Figure 14 Shows the first section of the flowchart for the general operation of the system.




Has WOT Timed oul?

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




3.6. 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 RS Components £8.46 4 £33.84

26H Li-lon

Battery 2600mAh

LCM- Farnell £7.89 1 £7.89

S01602DTR/M

LCD Display

ECO.12150.06 Farnell £5.53 1 £5.53

Keypad

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

connector

Micro SD slot TE Connectivity £1.52 1 £1.52

PCB JLCPCB.com £5.85 5 £29.37

LTCC4002ES8- Farnell £3.08 1 £3.08

8.4#PBF

U3V12F9 Pololu £2.98 1 £2.98

S18V20F9 Pololu £11.28 1 £14.95
£146.02




3.7. Casing

Sapsor
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 i
the casing would be IP rating certification. Building L—E
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.
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Figure 16 Shows an early prototype casing design.




4. 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. 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:

Hold # and press 3 on the keypad to change the frequency of readings.
Press * to switch between seconds, minutes and hours.

Use the keypad to enter a value of time between readings®.

Press # to confirm the input.

Lol O

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. 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 12C 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. 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. 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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10. Appendix — Data Sheets

MICROCHIP PIC18(L)F24/25K42

28-Pin, Low-Power High-Performance Microcontrollers with
XLP Technology

Description
The PIC18(L)F24/25K42 mi s are in 28-pin devices. These devices feature a 12-bit ADC with
Comp ion (ADC*) C Voitage Divider (CVD) techniques for advanced touch sensing, averaging,

g Cap
filtering, oversampling and threshold comparison, Temperature Sensor, Vectored Interrupt Controller with fixed latency
for handling interrupts. System Bus Arbiter. Direct Memory Access capabiliies, UART with support for Asynchronous,
DMX, DALI and LIN transmissions, SPI, 1°C, memory features like Memory Access Partition (MAP) to support

s in data p 1 and bootload: pp . and Device Information Area (DIA) which stores factory
calibration values to help improve temperature sensor accuracy.

Core Features Memory

= C Compiler Optimized RISC Architecture

Operating Speed:

- Up to 84 MHz clock input

- B82.5 ns minimum instruction cycle

Two Direct Memory Access (DMA) Controllers

- Data transfers to SFR/GPR spaces from
either Program Flash Memory. Data

Up to 128 KB Flash Program Memory

Up to 8 KB Data SRAM Memory

Up to 1 KB Data EEPROM

Memory Access Partition (MAP)

- Configurable boot and app region sizes with
individual write-protections

Progr Code P i

Device Information Area (DIA) stores:

EEPROM or SFRI/GPR spaces - Unigue IDs and Device IDs
-u ble source and / - Temp Sensor factory-calibrated data
sizes - Fixed Voltage Reference calibrated data
- Hard and iggered data « Device Configuration Information (DCI) stores:
transfers - Erase row size
- System Bus Arbiter with User-Configurable - Number of write latches per row
Priorities for Scanner and DMA1/DMAZ2 with - Number of user rows
respect to the main line and interrupt execution - Data EEPROM memory size
= Vectored Interrupt Capability - Pin count
- Selectable highflow priority
- Fined interrupt latency Operating Characteristics
- Programmable vector table base address
= 31-Level Deep Hardware Stack - Operating Voltage Range:
= Low-Current Power-on Reset (FOR) - 1.8V to 3.6V (PIC18LF24/25K42)
= Configurable Power-up Timer (PWRT) - 2.3V 1o 5.5V (PIC18F24/25K42)
= Brown-Out Reset (BOR) = Temperature Range:
« Low-Fower EOR (LPBOR) Option - Industrial: 40°C to 85°C
= Windowed Watchdog Timer (WWDT) - Extended: -40°C to 125°C
- Vanable prescaler selection
- xan’ible window size selection Power-Saving Functionality
- igurable in hard or

DOZE mode: Ability to run CPU core slower than
the system clock

IDLE mode: Ability to halt CPU core while internal
penpherals continue operating

SLEEF mode: Lowest power consumption
Peripheral Module Disable (PMD):

- Ability to disable unused peripherals to

power

© 2016-2018 Microchip Technology Inc Preliminary D540001860C-page 1
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Honeywell Humidlcon™
Digital Humidity/ Temperature Sensors

Mnmmwmmwmmmwms«m , &ne digital cutput-type relative hurnidity (RH)

d in the same pack Thesa provide an acouracy level of 4.6 %RH and a
wmmm.rqhddﬂ.ﬁ'c
* Industry-leading long-tarm stabiity * True temparsture-compensated digitsl PC or 5P output
* Indusiry-leading relsbity * Enengy efficiancy
* Lowest iotal cost sclution * Litra-small package sire and opsons

= Other acourscies avaiabie: +1.7 %FRH (HHO000 Series), 2.0 %AH HIHB000 Series), £3.0 %AH HHT000 Series),

and 24.0 %AH (HHE100 Serieg)

What makes our sensors better?

© One sensor does the work of twol

© +4.5 9%RH accuracy (humidity performance)

© 0.5 °C accuracy (temperature performance)

© -40 °C to 100 °C [-40 °F to 212 °F] operating
temperature range

ity to choose housing style (SIP 4-Pin or SOIC-8 SMD), filter {hydrophobic

fiiter or no fifter), output (FC or SPY), and packaging (taps and boxed, tapa
and real, or samples on tapa).

Output  Supply Housing
Senes®
L I style

HIHB0Z0-021 000t SIP d-pin Witoud
with fiter,

HIHB021-02 13000t SiP4-pn i -
‘without fiter,

HIHBOE0-02 1 -1000¢ ’ 23Vde to SOIC-85MD A o

Tl 9 55 Vdc dhod Rte

HIHB030-000-10000 S0IC-8 SMD ; 2
with fiter,

HIHBO31-021-%000¢ S0IC-8 SMD g :
with fiter,

HIHB0E1-000- 0000 SCIC-8 SMD Pl .

* See order guide on page 11 for camplete catalog lstngs.

100 to 240 units cn tape
and bawed, 250 units or
miore on tape and reet; or
5 sample pieces on tape

1000 piaces on tape and
reel; or 5 sample peces
on tape

1000 peeces on tepe and
reel; or 5 sample pieces
on tape

2 sensngnhoneywel com

INDUSTRY-LEADING RELIABILITY » ACCURACY » PACKAGING ¢ LONG-TERM STABILITY

Figure 18 HIH6030 Data Sheet




Lyjy......

M24C08-W M24C08-R
M24C08-F

8-Kbit serial I*C bus EEFROM

"%
TSSOPE (DW)
169 mil width

o
SO8 (MN)
150 mil width

poIP8 (BN)"

u

UFDFPN8
(MC)

X
L

WLCSP
((*2)]

1. Not recommended for new designs

June 2014

Datasheet- production data
Features
- Compaﬁblewhallzcbusnndes:
— 400 kHz
— 100 kHz
« Memory amay:

— B Kbit (1 Kbyte) of EEPROM
— Page size: 16 bytes
* Single supply voltage:
- M24CO8-W:25Vto 55V
— M24CO8R:1.8Vto55V
— M24CO08-F: 1.7V to 5.5 V (full temperature
range)
and 1.6 V to1.7 V (limited temperature
range)
*  Write:
— Byte Write within 5 ms
— Page Write within S ms
« Operating temperature range: from -40 *C up
to +85°C
» Random and sequential Read modes
+» Wirite protect of the whole memory array
» Enhanced ESD/Latch-Up protection
* More than 4 million Write cycles
» More than 200-year data retention

Packages

« PDIP8 ECOPACK1®

« SO8 ECOPACK2®

» TSSOP8 ECOPACK2®
« UFDFPNB8 ECOPACK2®
» WLCSP ECOPACK2®

DoclD023824 Rev 4 1/38

Figure 19 M24C08-W Data Sheet
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Ultrasonic Sensors
MCUST18A40B12RS

mul't?comp

Features:

= Water proof and fission
= Compact and light weight

Applications:
= Back sonar of automaobiles

= Parking meters
= Water level meters

= High sensitivity and sound pressure

= Less power consumption
= High reliability

Technical Specification

RoHS
Compliant

Item Specification Unit
Construction ‘Water Proof -
Using Method Transmitter Receiver -
Frequency 40 £1kHz 38 $1kHz Hz
Sound Pressure Level min.@7dB (10V/30cm) - dB
Sensitivity - min. -75dB/V/ybar | dB
Capacitance 2,100pF +25% at 1kHz pF
Directivity 80" .
Operating Temperature Range -40°C to +85°C *C
Storage Temperature Range -40°C to +85°C *C
Allowable Input Voltage 180Vp-p Vp-p
Housing Matenial Aluminium -
Part Number Explanation
MC us T 18 A 40 B 12 R S
1 2 3 4 5 -] 7 -] e 10
Item Description Item Description
1 Brand Name L] Frequency (e.g. 40=40kHz)
2 Ultrasonic Sensor 7 B : Black
3 T : Transmitter 8 Height (e.g. 12=12mm)
4 Diameter (e.g. 18=18mm) ] RoHS
5 A : Aluminium 10 Splash Proof

www.element14.com
www.famell.com
www.newark.com

Dﬁe <1>

ml.lt?comp

0&-’01 A7 V1.0

Figure 20MCUST18A40B12RS Data Sheet




MCUSR18A40B12RS

Ultrasonic Sensors

mult?comp

Applications

« Back sonar of automobiles
= Parking meters
- Water level meters

Features

= Water proof and dual use.
« Compact and light weight.

= High sensitivity and sound pressure.

= Less power consumption.

- High refiability.
Technical Specification
tem Unit Specification
Construction - Water Proof
Using Method - Ti Receiver
Frequency Hz 40 £1kHz 30 21kHz
Sound Pressure Level dB min_87dB (10V/30cm) -
Sensitivity dB - min. -75dB/V/ubar
Echo Pulse Width us - 2380us (at 1.2m)
Capacitance pF 2.100pF £25% at 1kHz
Directivity i 80°
Operating Temperature Range *c -40°C to +85°C
Storage Temperature Range *C -40°C to +85°C
Allowable Input Voitage Vpp 160Vp-p
Detectable Range - 0.1to 3m
Housing Material - Aluminium

Drawing

621
911

120.1

|

|

|

|

|

|
21810.1

RoHS
Compliant

Dimensions : Millimetres

www.element14.com
www.farmell.com
www.newark.com

Figure 21 MCUSR18A40812RS Data Sheet
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MICROCHIP

PIC18(L)F2X/45K50

28/40/44-Pin, Low-Power, High-Performance
Microcontrollers with XLP Technology

Universal Serial Bus Features:

USB V2.0 Compliant

Crystal-less Full Speed (12 Mb/s) and Low-Speed
Operation (1.5 Mb/s)

Supports Control, Interrupt, Isochronous and Bulk
Transfers

Supports up to 32 Endpoints (16 Bidirectional)

1 Kbyte Dual Access RAM for USB

On-Chip USB Transceiver

Flexible Oscillator Structure:

3x and 4xPLL Clock Muitipliers

- Two External Clock modes, Up to 48 MHz (12

MIPS)

Intemal 31 kHz Oscillator

Intemal Oscillator, 31 kHz to 18 MHz

- Factory calibrated to £ 1%

- Self-tune to = 0.20% max. from USB or
secondary oscillator

- Secondary Oscillator using Timer! @ 32 kHz

Fail-Safe Clock Monitor:

- Allows for safe shutdown if any clock stops

Peripheral Highlights:

Up to 33 V'O pins plus 3 Input-Only Pins:

- High-current Sink/Source 25 mA/25 mA

- Three programmable external interrupts

- 11 programmable interrupts-on-change

- Nine programmable weak pull-ups

- Programmable slew rate

+ SR Latch

Enhanced Capture/Compare/PWM (ECCP)
module:

- One. two or four PWM outputs

- Selectable polarity

- Programmable dead time

- Auto-shutdown and auto-restart

- Pulse steering control
Capture/Compare/PWM (CCP) module

Master Synchronous Serial Port (MS5P) module
Supporting 3-Wire SPI (all four modes) and Pom™
Master and Slave modes

Two Analog Comparators with Input Multiplexing
10-Bit Analog-to-Digital (A/D) Converter module:
- Up to 25 input channels

- Auto-acquisition capability

- Conversion available during Sleep

Digital-to-Analog Converter (DAC) module:

- Fixed Voltage Reference (FVR) with 1.024V,
2.048V and 4.006V output levels

- 5-bit rail-to-rail resistive DAC with positive
and negative reference selection

High/Low-Voltage Detect module

Charge Time Measurement Unit (CTMU):

- Supports capacitive touch sensing for touch
screens and capacitive switches

Enhanced USART module:

- Supports RS-485, RS-232 and LIN/2602

- Auto-wake-up on Start bit

- Auto-Baud Detect

Extreme Low-Power Management with
XLP:

Sleep mode: 20 nA, typical
Watchdeg Timer: 300 nA, typical
Timer1 Oscillator: 800 nA @ 32 kHz
Peripheral Module Disable

Special Microcontroller Features:

Low-Power, High-Speed CMOS Flash Technology
C Compiler Optimized Architecture for Re-Entrant
Code

Power Management Features:

= Run: CPU on, peripherais on, SRAM on

- Idie: CPU off, peripherals on, SRAM on

- Sleep: CPU off, peripherals off, SRAM on
Priority Levels for interrupts

Self-Programmable under Software Control

8 x & Single-Cycle Hardware Multiplier
Extended Watchdog Timer (WDT):

- Programmable period from 4 ms to 131s
Single-Supply In-Circuit Serial Programming ™
(ICSP™) via Two Pins

In-Circuit Debug (ICD) with Three Breakpoints via
Two Pins

Optional dedicated ICD/ICSP Port (44-pin TQFP
Package Only)

Wide Operating Voltage Range:

- F devices: 2.3V to 5.5V

- LF devices: 1.8V to 3.6V

Flash Program Memory of 10,000 Erase/Write
Cycles Minimum and 20-year Data Retention

© 2012-2014 Microchip Technology Inc.
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Datasheet Sensirion SCD30 Sensor Module
CQOg, humidity, and temperature sensor

Product Summary
CMOSens® Technology for IR detection enables carbon dioxide measurements of the highest accuracy at a

competitive price.

Along with the NDIR measurement technology for detecting CO; comes a best-in-class Sensirion humidity and
temperature sensor integrated on the very same sensor module. Ambient humidity and temperature can be
measured by Sensirion’s algorithm expertise 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 Dioxide is a key indicator for indoor air quality. Thanks to new energy standards and better insulation,
houses have become increasingly energy-efiicient, but the air quality can detenorate rapidly. Active ventilation
is needed to maintain a comfortable and healthy indoor environment and improve the well-being and productivity
of the inhabitants. Sensirion sensor solutions offer an accurate and stable monitoring of CO: in the air, as wel
as temperature and humidity. This enables our customers to develop new solutions that increase energy
efficiency and simultaneously support the well-being of everyone.

Content

1 Sensor Specifications

2 Package Outine Drawing

3 Pin-Out Diagram

4 Operation and Commurication
5 Shipping Package

6 Ordering Information

7 Important Notices

8 Headquarters and Subsidiaries

- o N

Www Sensifion.com Version 0.92 - D1 - December 2018
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LTC4002

LT N

Standalone Li-lon

Switch Mode Battery Charger

FEATURES

= Wide Input Supply Range:

4.7V 1o 22V - 4.2 Version

8.9V 1o 22V - 8.4 Version
= High Efficiency Current Mode PWM Controller with
500kHz Switching Frequency
+1% Charge Voltage Accuracy
End-of-Charge Current Detection Output
3 Hour Charge Termination Timer
Constant Switching Frequency for Minimum Noise
+5% Charge Current Accuracy
Low 10pA Reverse Battery Drain Current
Automatic Battery Recharge
Automatic Shutdown When Input Supply is Removed
Automatic Trickle Charging of Low Voltage Batteries
Battery Temperature Sensing and Charge
Qualification
= Stable with Ceramic Output Capacitor
» 8-Lead SO and 10-Lead DFN Packages

APPLICATIONS

m Portable Computers
= Charging Docks
= Handheld Instruments

DESCRIPTION

The LTC®4002 is a complete battery charger controller for
one (4.2V) or two (8.4V) cell lithium-ion batteries. With a
500kHz switching frequency, the LTC4002 provides a
small, simple and efficient solution to fast charge Li-lon
batteries from awide range of supply voltages. An external
sense resistor sets the charge current with +5% accuracy.
Aninternal resistor divider and precision reference setthe
final float voltage to 4.2V per cell with +1% accuracy.

When the inputsupply is removed, the LTC4002 automati-
cally enters alow current sleep mode, dropping the battery
drain current to 10pA. An internal comparator detects the
near end-of-charge condition while an internal timer sets
the total charge timeand terminates the charge cycle. After
the charge cycle ends, if the battery voltage drops below
4.05V percell, a new charge cycle will automatically begin.

The LTC4002 is available in the 8-lead SO and 10-lead DFN
packages.

A, LTC and LT ase registered trademarks of Linear Technology Corporation
Al other trademarks are the propety of tharr respectsve ownars,

TYPICAL APPLICATION

1.5A Single Cell Li-lon Battery Charger
ool

Efficiency vs Input Valtage
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EDWARD RUSSELL

332

ENGAGEMENT WITH LITERATURE

[

y"’ Good range and scope of research sources.
Remove the numbers in the bibliography list!

KNOWLEDGE AND UNDERSTANDING

67

[

y"’ Reasonable level of understanding in most areas,
however lacking evidence of detailed level of insight.

COGNITIVE AND INTELLECTUAL

60

(

y‘ Good, solid presentation and evaluation of
researched data. Could have done more in terms of
"Marks will also be awarded for innovative thinking in
problem solving and feature additions."

PRACTICAL APPLICATION

62

[

y‘ Good level of detail on the costings. Prototype
enclosure gives added value, as does the sample
PCB layout. some of the circuit aspects could have
had more detail. e.g. does the buzzer require some
kind of buffer/amplifier. General software flowchart
reasonable, however implementation of watchdog

65




timer isn't shown correctly.

TRANSFERABLE SKILLS

[

y‘ Very well laid out and presented. Excellent use of 78
diagrams and images. Clear flowcharts etc.
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