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A data acquisition system was designed to monitor aspects of weather over 14-days. Sensors were selected to measure temperature, humidity, air-borne particle count, VOC levels, UV levels, Sunlight intensity, wind speed, wind direction and GPS location.
Data was acquired from the sensors and stored in an SD card. A circuit was designed to control the sensors using a microcontroller.
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Environmental conditions can be measured and recorded using a range of sensors. This data can be analysed to produce a forecast, aiding in the prediction of weather patterns. This report details the research carried out to produce a system comprising of different sensors. Several environmental factors are measured controlled by a PIC microcontroller and recorded to an SD card.
The circuit design, PCB design and software structure are detailed and explained. All parts and enclosures required are compared and selected.  
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There are many portable weather measurement systems available each including a range of beneficial features.  The ACCUR 8 DWS7100 is a seven-in-one system which beneficially, is solar powered. This allows the system to be mounted in areas without access to power, without the need to change or recharge batteries. This is advantageous when compared with most battery-operated systems available. The ACCUR 8 connects to Wi-Fi to effectively transfer data to a graphical display, allowing for easy interaction [1]. Features of the ACCUR 8 are in comparison table 1.
The pro signal PSG-4173 is a similar weather system. Like the ACCUR, it transmits data through wi-fi to a graphical display.  It doesn’t however have any solar charging meaning battery replacement is required periodically. As seen in the comparison table, the pro signal weather station is more affordable, providing similar environmental data [2].


	
	
	System
	Number of sensors
	measurements 
	Range
	features 
	Costs 
	Advantages 
	Disadvantages 

	Accur8 7in1:
	7
	Light intensity 
	0 to 200klux
	Graphical display
	£299.99
	Solar powered
	Low accuracy 

	
	
	UV level
	1 to 15+
	Wi-Fi connected
	
	
	

	
	
	rainfall
	0 to 9999mm
	Solar powered
	
	
	

	
	
	wind speed
	0 to 50 m/s
	Programable weather alarms 
	
	
	

	
	
	Wind direction 
	N/A
	
	
	
	

	
	
	temperature
	-40°C to 60°C
	
	
	
	

	
	
	humidity 
	10% to 99%
	
	
	
	

	
	
	
	
	
	
	
	

	Pro signal:
	8
	rainfall
	0mm to 6000mm
	Graphical display
	£79.95
	Cheaper
	Low accuracy 

	
	
	barometric pressure
	700 to 1100hPa
	Wi-Fi connected 
	
	
	Poor build quality 

	
	
	wind speed
	0-50m/s
	battery operated 
	
	
	No-rechargeable 

	
	
	Wind direction 
	N/A
	Weather alarms
	
	
	

	
	
	temperature
	-40°C to +60°C
	
	
	
	

	
	
	humidity 
	10% to 99%
	
	
	
	

	
	
	UV level
	Not listed
	
	
	
	

	
	
	Light intensity 
	0-200k Lux
	
	
	
	


Table 1 - Weather system comparison [1] [3] [2] [4]
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To design the weather system each sensor must be carefully selected, ensuring its compatibility and functionality in its environment.

[bookmark: _Toc155907763]Temperature
Earth surface temperature ranges from -25˚ C to 45˚ C [5]. Three temperature sensors are compared in table 2 below.
	Temperature 
	Range
	Voltage supply
	Output type
	Output 
	Price

	LM35 
	-55 to 150°C
	4V - 30V
	Analogue
	-1 to 6V
	£7.49

	RS Pro PT100 RTD
	-50 to 200°C
	N/A
	Analogue
	N/A
	£33.73

	Calex IR sensor
	: -20 to 500°C
	6-28V
	Analogue
	4-20 mA
	 £ 210.24 


Table 2 – Temperature sensors [6] [7] [8] [9] [10] [11]
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Humidity ranges from 0% to 100% RH on earth [12]. The chosen humidity sensor must record this range. Table 3 compares several humidity sensors.
	Humidity sensor
	Range
	Voltage supply
	Output type
	Output 
	Price

	RS PRO Humidity Sensor
	20 - 90 % RH
	1V
	Analogue
	23KΩ @ 65%RH
	£2.99

	RS PRO temp & humidity IC
	0-100% RH/-40 - 125°C 
	2.15-5.5v
	I2C
	I2C
	£5.23

	Honeywell temp & humidity 
	0 - 100%RH/-40 °C to 125 °C
	2.3-5.5V
	digital
	I2C
	£9.43

	TE Connectivity Temperature & Humidity Sensor
	0 to 100% RH / -40 to 85°C
	4.75-5.5V
	Analogue
	Variable resistance
	£119.08


Table 3 - Humidity sensors [13] [14] [15] [16] [17] [18] [19] [20]


Several of the humidity sensors selected are also capable of measuring temperature. Combining these elements into a single sensor can decrease build costs and simplify the design. Although the sensors compared in table 2 record in the required temperature range, the sensors in table 3 are more compatible as they operate in the desired sensing range, and offer digital outputs. From table 3, the Honeywell sensor is the most compatible as it operates at the required parameters and outputs a digital signal via I2C, which is beneficial to the design. Although more expensive than the RS PRO sensor, the Honeywell offers a hydrophobic screen making it resistant to interference from condensation [18] [14]. 
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Many sensors available online combine wind speed and direction into a single unit, helping to simplify the design process. Table 4 compares wind speed and direction sensors available.
	Wind speed and direction 
	Range
	Voltage supply
	Output type
	Output 
	Price
	Output 
	Price

	WSD-V Wind Speed & Direction Sensor
	0-50m/s
	24V
	Analogue
	0-5V
	£552
	0-5V
	£552

	QK-AS06 Wind Sensor with NMEA 0183 output
	0-55m/s
	10-15V
	Analogue
	USB
	£250.68
	USB
	£250.68

	Gill WindSonic 60 Anemometer
	0-60m/s
	5-30V
	Digital
	RS232
	£974.40
	RS232
	£974.40

	Renke Ultrasonic anemometer
	0-40m/s
	10-30V
	Digital
	RS485
	£57.44
	RS485
	£57.44



Table 4 - Wind speed and direction sensors [21] [22] [23] [24] [25] [26] [27]


From the table, the first two sensors are of classic wind vein construction, utilising cups to catch the wind, spinning a shaft, and hence calculating wind speed. The latter two sensor types utilise ultrasonic sensors to accurately calculate wind speed and direction. The ultrasonic sensors are a more accurate option to calculating wind speed and offer a digital output. The researched sensors available are expensive which would not be suitable for an amateur weathercaster. It may be a more affordable option to design a sensor using the same operation as the Gill and Renke units. An ultrasonic wind sensor benefits as its not affected by rainfall resistance as it has no moving parts. This makes it less susceptible to rotational ware [28].
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From the researched products, two pairs of ultrasonic transducers are required. Each transducer will be mounted facing the opposite of its pair. The transducers will be mounted like the directions of a compass, north and south, and east and west. An ultrasonic frequency will be transmitted, which bounces off a reflective plate and is received by the opposing transducer, see figure 1 [29]. A controlled experiment will be conducted in a wind free environment, determining the time taken to receive the signal. When wind is introduced the signal speed will be affected based on the strength and direction of the wind. This timing difference can be used to calculate the speed and direction of the wind [28] [30]. Figure 1 - Ultrasonic transducer orientation [29]


From research, 40kHz ultrasonic transducers are required [28]. For transmission, MULTICOMP SQ-40-T-10b and for receiving the SQ-40- R-10b are suitable transducers [28] [31] [32] [33]. To transmit and receive the ultrasonic signals, the transmission transducers must be powered by a driver, the receiving signal must go through signal conditioning and amplification. Texas instruments produces an IC, PGA460, designed for driving and receiving signals from ultrasonic transducers [34]. Following the recommended circuitry in the datasheet, figure 2, the wind sensor could be designed [34]. 


 Figure 2 - Ultrasonic transducer drive and signal conditioning IC recommended circuitry [34]

The datasheet recommends a 6 V supply for the PGA460, so a voltage regulator must be included in the circuit [34]. The L7806 voltage regulator is a suitable component [35]. The Wind sensor PCB will be in a separate enclosure to allow the transducers access to the wind. Signals will be transferred from each PCB via a 6-core data cable protected with flexible conduit and glands.
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Suitable GPS sensors are compared below in table 5. Each sensor operates similarly, the Quectel is the most affordable, however, can only communicate through UART serial transmission. For ease of design, I2C is a more beneficial communication method. The remaining chips are similar so the VIC3D is the logical choice as it is the cheaper option. 
	GPS
	operating range
	Voltage supply
	Output type
	Dimension 
	Price

	Quectel L76-M33 GPS Module
	 - 40 to 85 °C
	2.8-4.3V
	UART
	10.1 x 9.7 x 2.5mm
	£9.44

	STMicroelectronics TESEO-VIC3DA 
	-40 °C to +85 °C
	3.3V
	I2C
	16.0 x 12.2 x 2.42 mm
	£20.83

	STMicroelectronics TESEO-VIC3D GPS Module
	-40 °C to +85 °C
	3.3V
	I2C
	16.0 x 12.2 x 2.42 mm
	£18.25


Table 5 - GPS sensor comparison [36] [37] [38] [39] [40] [41]
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Air borne particles can be sensed using a light source and a photelectric diode. Table 6 compares three sensors. The first sensor uses a laser light source and produces a digital output based on the number of particles counted. The second sensor works under the same principle. Both sensors are expensive, out of the price range of an amateur, so the third sensor is most suitable. The Sharp sensor uses an Infra-red emitting diode producing a varying voltage based on how much dust is sensed. This voltage is delivered as a square wave pulse, an analogue input.
	Air particle count
	Operation
	Voltage supply
	Output type
	Price

	HONEYWELL HPMA115C0-004
	Laser
	5V
	UART
	70.64

	SENSIRION SPS30
	Laser
	4.5-5.5V
	UART I2C
	49.34

	SHARP GP2Y1010AU0F
	IRED
	−0.3 to +7V
	Analogue
	£8.69


Table 6 Air borne particle sensor comparison [42] [43] [44] [45] [46] [47]
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A volatile organic compound sensor detects and measures the quantities in the surrounding environment. Three are compared in table 7. The first two sensors available are simply units designed to house the Sensirion chip. For this reason, it is more practical to choose the sensirion chip and design the required circuitry onto the main PCB. 
	VOC
	Voltage supply
	Output type
	Output 
	Price

	AMPHENOL ADVANCED SENSORS MICS-VZ-89TE
	3.3V
	Digital
	I2C
	£19.85

	SEEED STUDIO 101020512
	3.3V
	Digital
	I2C
	£16.97

	Sensirion SGP40-D-R4, VOC Air Quality Sensor for VOC Monitors
	−0.3 to +3.6 V
	Digital
	I2C
	£9.41


Table 7 - VOC sensor comparison [48] [49] [50] [51] [52] [53]
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To measure UV level a photodiode sensor is required. Table 8 compares three UV sensors. From the comparison, the first sensor is the most practical as it is the most affordable and offers I2C communication. The silicon labs UV sensor can also be utilised as a light intensity sensor simplifying the design and build costs by only requiring a single IC for two measurements. The chip is however surface mount, requiring an enclosure capable of exposing the chip to daylight. The data sheet specifies that UV and light intensity can be recorded through a glass cover if compensation is included in the program [55].  
	UV sensor
	Voltage supply
	Output type
	Output 
	Price

	Si1145-M01-GMR Silicon Labs, 1 to 50cm 1.71 V to 3.6 V 10-Pin QFN
	1.71-3.6V
	Digital
	I2C
	£6.04

	AS7331-AQFM ams OSRAM, UV Light Sensor, I2C 16-Pin OLGA16
	0.5-5V
	Digital
	I2C
	£12.35

	OSI Optoelectronics, UV-035DQC UV Si Photodiode, Through Hole Ceramic
	5V
	Analogue
	N/A
	£58.01


Table 8 - UV sensor comparison [54] [55] [56] [57] [58] [59] 
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Having selected the sensors, the microcontroller must be chosen. From research into microcontrollers by Microchip, for a portable weather station a PIC24FJ128GC010 is recommended [60]. This is a 16-bit MCU with 128KB program flash memory. Search parameters can be created following the recommendations from Microchip and the requirements of the sensors. Using Microchip’s advanced part selector, MCUs meeting the parameters can be compared, as in figure 3 [61]. From the comparison, PIC24FJ128GB202 is the most suited, offering ample program memory, enough ADC inputs, and a USB interface. It has a low pin count, simplifying the design [62].

Figure 3 - PIC comparison [61]
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To calculate the storage requirements for the full 14-day sample, the maximum value expected is determined for each sensor. Applying this to the resolution of the data calculates the number of bits required per sample. Deciding on the sample rate for each sensor, the total bytes can be determined revealing the total storage requirements.   The sensor max values are based on datasheets and research [63] [64]. Resolution and sample frequency is chosen based on the type of sensor and how often the corresponding variable is likely to change. For the full 14-day sample, 121.213 GB of storage is required. To allow for miscalculation, a 128GB SD card will be sufficient storage. This can be seen in figure 5. Figure 4 below shows how data is arranged in the storage, bit by bit.
Figure 4 - Storage structure diagram



 Figure 5 - Memory requirements [5] [12] [25] [46] [62] [55] [63] [45]


Figure 6 - Power supply requirements [62] [18] [34] [35] [47] [55] [53] [41]
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Having determined the sample frequency for each sensor in figure 5, the power supply requirements are calculated. Some sensors offer a low power mode which limits the draw of current when the sensor is not in use. If the time to take a measurement is assumed to one minute, the total minutes of full power for the 14 days can be calculated for each sensor. This is done by subtracting the time in minutes the sensor is running from the full 14 days, the remaining time is how long the component will be in low power mode. Figure 6 shows each component’s full current draw and their low power current draw if applicable. Components operating more than once a minute are classified as constant use. The current drawn in low power mode and the operating current is added to give the total current drawn for each component. The sum of these values is the total current requirement for the design, 40.56Ah. 

From figure 6, the highest voltage required is 9V making the battery required large and expensive. By calculating the power requirements for the different voltage ratings, a lower Ampere-hours rating would suffice. Totalling the Ah rating for each voltage, the Watts per hour can be calculated as seen in table 9.
	Voltage (V)
	Ampere-Hours (Ah)
	Power (Wh)

	3.3
	6.55
	21.615

	6
	33.734
	202.404

	9
	0.269
	2.421

	
	Total (Wh):
	226.44


Table 9 - Power requirements for each voltage


To calculate the new battery requirement, the largest voltage requirement must be used. Using the power formula:
P = V x I [65]
I = P / V
I = 226.44 / 9
I = 25.16 Ah
A 9V, 25.16 Ah power source is required for 14 days. Alternatively, a 12 V 18.87Ah battery could be used, allowing for voltage drop as the battery discharges. Battery options are compared in table 10. Batteries in series increase the voltage and in parallel increase the capacity [66, p. 272].





	Battery 
	Voltage 
	Ampere-hours 
	No. of batteries required
	Achieved rating 
	Price per unit
	Total price 

	Energizer industrial D battery
	1.5V
	20.5Ah
	8 in series
	12V 20.5Ah
	£1.18
	£9.44

	NiMH D battery
	1.2V
	3Ah
	10 Series +7 Parallel
(70 units)
	12V 21Ah
	£6.31
	£441.70

	Zinc Battery NX 4R25-2
	6V
	18.3Ah
	2 in series 
	12V 18.3Ah
	12.9
	£25.80

	Alkaline air battery 
eZ8 9/130
	9V
	120Ah
	1
	9V 120Ah
	£37.84
	£37.84

	Lead acid battery
	12V
	19Ah
	1
	12V 19Ah
	£34.99
	£34.99

	Li-Ion 18650
	3.7V
	3Ah
	3 Series + 
7 Parallel       (21 units)
	11.1V 21Ah
	£7.50
	£157.50


Table 10 - Battery options [67] [68] [69] [70] [71] [72]
From the table the most affordable is the energizer industrial D batteries. The rechargeable batteries such as the Li-ion and NiMH are too expensive for an amateur. The remaining battery types zinc, alkaline air and lead acid would be too large for the portable design. The circuit can be operated connecting an on/off switch between the battery pack and the main circuit. 
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Most of the sensors chosen, are on the main PCB board not requiring any connectors. The wind sensor and air-borne particle sensor are the only sensors requiring connectors to communicate with the main board. From the air borne particle sensor datasheet, it utilises a 6-pin connector, a S6B-ZR-SM4A-TF [47]. For each driver IC in the wind sensor, an I/O connection is required to the main PCB. A Voltage and ground connection is also required totalling to six connections required between the main PCB and wind sensor. A 6-pin Molex connector is the logical choice for connection to the PCB. Flexible conduit and glands will be used to protect the 6-core data cable.  
[bookmark: _Toc155907775]Circuit design 

From the 12V battery, a 7806-voltage regulator is used step down the voltage to 6 V for the wind sensor. From this 6V, a voltage divide is required to achieve 3.3V for the remaining sensors and MCU. Figure 7 shows the voltage divider circuit and equation required [73]. Figure 7 - Voltage divider [73, p. 7]


Vout/Vin = R2/R1+R2 	(Let R2= 10 KΩ)
10 KΩ /6 = 10 KΩ / R1 + 10 KΩ
0.55 * R1 + 10 KΩ = 10 KΩ
R1= (10 KΩ / 0.55) – 10 KΩ
R1 = 8181.81Ω
R1 = 8.2KΩ closest standard value [74]

[image: A diagram of a circuit

Description automatically generated]Figure 8 shows the circuit diagram for the power supply voltage divider. Capacitors are used as recommended in the datasheet, on the input to as a bypass for stable operation, and on the output to improve transient response [35].Figure 8 - Circuit power supply


The PIC microcontroller is set up as recommended in the data sheet with decoupling capacitors on all VDD and VSS pins and pull up resistor on the memory clear pin. The software package did not include the chosen MCU so a similar PIC is used for simulation purposes [62]. 
Figure 9 - PIC initial set up

Each sensor input requires over voltage protection and signal conditioning before interfacing with the MCU. This ensures the data received doesn’t include electrical noise and does not damage the microcontroller.  For over voltage protection, a resistor and Zener diode can be used as shown in figure 9. A zener diode rated 3.3V will remain unactive until a voltage over its rating is supplied. The diodes then shorts the circuit, preventing the high voltage passing [73, p. 12].
Figure 10 - Over voltage protection using Zener diode. [73, p. 12]


For signal conditioning, a resistor and capacitor can be utilised to form a low pass filter as seen in figure 10 [73, p. 50] [75, p. 137].Figure 11 - Passive low pass filter [75, p. 137]


R and C values can be calculated using the formula:
RC=1/(2πfc)
Fc is the frequency cut off, Fc will be different for each sensor input [73, p. 408].
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For the I2C signals, signal conditioning is not recommended by the manufacturers, only pull up resistors on the SCL and SDA pins [18]. Over voltage protection can also be included as previously explained. For analogue inputs such as the wind sensor and air borne particle sensor, the low pass filter can be used. The wind sensor does not require signal conditioning as it is included in the drive IC, PGA460 [34]. For the particle sensor, a cutoff frequency can be determined using the pulse width provided in the datasheet, 0.32ms [47].  
FC = 1/ 2π x 0.32ms
FC = 497.36Hz
If: -
RC=1/(2πfc)
Let R=10KΩ:
RC=1/2πFC
C=1/2π*497.36*10KΩ
C=31.99nF (33nF to closest standard value) [76]
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The wind sensor design can be seen in figure 13, the driver circuitry is designed as recommended in the data sheet [34]. Figure 12 - Ultrasonic wind speed and direction sensor


The 6V supply is provided by the L7806 voltage regulator as seen in figure 8. 
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To and from pins are utilised to simplify design connections, each link being labelled or colour coded. The power supply can be seen in figure 14, as previously explained, with the 3.3V supply colour coded red. 
Figure 13 - Power supply design


The I2C sensors are connected as recommended in their datasheets, using colour coded nets, green for the SCL and blue for SDA connections. 
Figure 14 - VOC sensor schematic [53]


Figure 15 - UV and light level sensor schematic [55]
Figure 16 - GPS sensor schematic [41]

Figure 17 - Temperature and humidity sensor schematic [18]

The USB connector is connected to the positive and negative data pins of the microcontroller, including over voltage protection, as recommended in the data sheet [62]. Figure 18 - USB schematic circuit



The SD connector is connected via SPI to the microcontroller. Pull up resistors are required on all data pins [77]. The chosen PIC has dedicated SPI channels, but no dedicated pins so programable I/O pins are utilised [62].  As a master and slave communication protocol, the data pins are labelled master out slave in (MOSI) and master in slave out (MISO) a clock is utilised as well as a slave select (SS) pin [73, p. 1032] [62] [77]. Figure 19 - SD schematic connection


The air borne particle counter is connected to the 6-pin connector as specified in the datasheet [47]. A low pass filter and over voltage protection is added as calculated. The output pins are connected to an analogue to digital convertor of the PIC and a standard programable input pin [47] [62].
Figure 20 - Air borne particle count schematic connection.

The wind sensor connector is connected to general I/O pins on the PIC with overvoltage protection on each input, as recommended in the datasheet [34].Figure 21 - Wind sensor connector schematic


All inputs and recommended circuitry for the PIC microcontroller can be seen below in figure 22. The required pull up resitors and over voltage protection is present on the I2C SDA and SCL inputs, connected to the dedicated pins of the microcontroller [62].
Figure 22 - PIC microcontroller schematic connection

In figure 22, an LED is connected to a general I/O pin, programmed to flash every ten seconds for one second. The resistor is calculated as follows [78]:
RLED = (VDD-VLED) / ILED
R= 3.3-2.25 / 25mA [79]
=42Ω (43Ω nearest standard value [76]) 
The schematic for the wind sensor can be seen in figure 23, connected to the main circuit via 6 pin Molex kk connector.
 
Figure 23 - Wind sensor schematic
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The wind sensor PCB design is in figure 24, the ultrasonic transducers are placed on the corners on the board for alignment with the points of a compass. Power and ground are given their own layers, ground is connected by copper pour in figure 25.

Figure 24 - Wind sensor PCB



Figure 25 - Copper pour connected to ground.

The main PCB design is shown in figure 26, the connectors and SD are located to the side of the board for ease of access in the enclosure. Figure 27 shows the copper pour connected to ground.Figure 26 - Main PCB design



Figure 27 - Main PCB copper pour


Figure 28 - 3D model of PCB design.

[bookmark: _Toc155907780]Block diagram 
The circuit design can be displayed in a block diagram as shown in figure 29. 

Figure 29 - Circuit operation block diagram

[bookmark: _Toc155907781]Operational flow charts
The design functionality is expressed using flowcharts. Figure 30 depicts what happens when the device is turned on, deciding whether to acquire data or upload it via USB.  
Figure 30 - Device initialisation flowchart

Figures 31 and 32 show the data acquisition process for each sensor, timer 1 parameter is based on the chosen sample rate. Timer 2 counts the full 14-day sample before ending the program. Figure 31 - Sensor data acquisition





Figure 32 - Sensor data acquisition flowchart 

Figure 33 shows the LED programming, turning on the LED every ten seconds for one second.  
Figure 33 - LED program
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As the design compromises of two PCB boards, two enclosures will need to be considered. The enclosures can be mounted on a stainless-steel pole, with the wind sensor at the top of the pole and the main enclosure mounted further down. This will ensure a portable design. For the wind sensor, a custom enclosure would have to be designed allowing the ultrasonic transducers to protrude from the casing. A rain cover and solar radiation shield may be required. Figure 34 shows an on the market design [80].  Figure 34 - WindUltra Ultrasonic Wind Speed and Direction Sensor [80]


Using an online 3D model for an ultrasonic anemometer, a 3D printing quote can be generated, as seen in figure 35 [81] [82]. Figure 35- 3D printing quotation. [82]



For the main enclosure, a clear lid is required for the UV and sunlight sensor [55]. From the PCB design, a size of 127mm x 105mm is required. To hold the batteries, a D battery holder from RS is required (figure 36) measuring 142 x 73 x 62mm [83]. The main enclosure must be at least 247 x 127 x 63 mm to fit the batteries and PCB.Figure 36 - Battery holder [83]


The enclosure shown in figure 37 is a suitable option as it has a high IP rating allowing for use outdoors [83]. The air-borne particle sensor can be mounted on the outside as in its application note, with the connector protected underneath [84] [47] . 
Figure 37 - Chosen enclosure [84]

A vent is required on the enclosure to allow sensors on the PCB access to the air, a hydrophobic mesh or rain cover would be required, protecting the electronics.  The conduit shown in figure 38 is a suitable solution to protect the data cable. Holes can be drilled in the casing to add glands, sealed with silicon.  Figure 38 - Suitable conduit [86]
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Using Gerber files from the PCB design, a quotation can be produced shown in figures 39 and 40 [87]. Figure 39 - Main PCB quote [87]



Figure 40 - Wind sensor PCB quote [87]

Figure 41, the full component list, brings the total cost to £319.55, a suitable cost for an amateur weather forecaster.
Figure 41 - Build costs [88] [17] [89] [90] [46] [54] [52] [38] [83] [91] [67] [86] [87] [84] [82] [92] [93] [94] [95] [96] [97] [98] [99] [100]

[bookmark: _Toc155907784]Recommendations

Reviewing products available, improvements could be made to the design. Battery design could be improved using a LI-ion battery with a solar charging module. This allows for a smaller battery, increasing sustainability as batteries wouldn’t require replacement. 
By aligning data more efficiently in the storage structure, a smaller, more affordable SD could be utilized. 
Many systems offer a wireless LCD display, incorporating this would be beneficial as the data could be streamed over the test period. 
The voltage regulator chosen has no cooling system. Implement a cooling system as well as an overheat kill switch, protecting the components from overheating would be beneficial.
[bookmark: _Toc155907785]Conclusion
A data acquisition system was designed for use by an amateur weathercaster. Sensors were compared determining the most suitable for the design. A wind sensor was designed reducing production costs, requiring a regulated power supply. All components were supplied by their required voltage, inputs were designed with over voltage protection, preventing damage from voltage spikes. Signal conditioning was implemented providing a clean, noise free data input.
The design function was outlined using a block diagram and flowcharts to convey the software operation. Simulated schematics and PCBs were produced for the designed circuits.
The design met the parameters set in the brief, producing an affordable weather recording system.
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Figure 42 - MCU datasheet [62]

[bookmark: _Toc155907788][image: A black rectangular object with text

Description automatically generated]Appendix 2 - Air-borne particle Figure 43 - Air-borne particle datasheet [85]



[bookmark: _Toc155907789][image: A close-up of a device

Description automatically generated]Appendix 3 – ultrasonic transducers
Figure 44 - Ultrasonic transducer datasheet [33]
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Figure 45 -  Temp and humidity datasheet [18]
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Figure 47 - UV/Light sensor datasheet [54]
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Figure 48 - GPS datasheet [41]
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Figure 49 - Ultrasonic drive IC datasheet [34]
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diagnostics

2 Applications

« Ultrasonic radar

+ Object distance and position sensing

+ Presence and proximity detection

+ Drone and robotics landing assist and obstacle
detection

+ Occupancy and motion sensors

The PGA460 device is a highly-integrated system
on-chip ultrasonic transducer driver and signal
conditioner with an advanced DSP core. The device
has a complimentary low-side driver pair that can
drive a transducer either in a transformer based
topology using a step-up transformer or in a direct-
drive topology using external high-side FETs. The
device can receive and condition the reflected echo
signal for reliable object detection. This feature
is accomplished using an analog front-end (AFE)
consisting of a low-noise amplifier followed by a
programmable time-varying gain stage feeding into an
ADC. The digitized signal is processed in the DSP
core for both near-field and far-field object detection
using time-varying thresholds.

The main communication with an external controller is
achieved by either a time-command interface (TCI) or
a one-wire USART asynchronous interface on the 10
pin, or a CMOS-level USART interface on the RXD
and TXD pins. The PGA460 can be put in ultra-low
quiescent current low-power mode to reduce power
consumption when not in use and can be woken up
by commands on the communication interfaces.

The PGA460 also includes on-chip system
diagnostics which monitor transducer voltage during
burst, frequency and decay time of transducer
to provide information about the integrity of the
excitation as well as supply-side and transceiver-side
diagnostics for overvoltage, undervoltage, overcurrent
and short-circuit scenarios.

Package Information(!)
PART NUMBER PACKAGE BODY SIZE (NOM)
PGA460 TSSOP (16) 5.00 mm x 4.40 mm

(1) For all available packages, see the orderable addendum at

the end of the data sheet.
oo, §

Toncy +——| X0 =

]
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IOREG NN Conw|

Typical Application Diagram (Transformer Drive)

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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24V

* Thermal overload protection

e« Short circuit protection

« Output transition SOA protection

* 2% output voltage tolerance (A version)

« Guaranteed in extended temperature range
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Description

The L78 series of three-terminal positive
regulators is available in TO-220, TO-220FP,
D?PAK and DPAK packages and several fixed
output voltages, making it useful in a wide range
of applications.

These regulators can provide local on-card
regulation, eliminating the distribution problems
associated with single point regulation. Each type
embeds internal current limiting, thermal shut-
down and safe area protection, making it
essentially indestructible. If adequate heat sinking
is provided, they can deliver over 1 A output
current. Although designed primarily as fixed
voltage regulators, these devices can be used
with external components to obtain adjustable
voltage and currents.
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original signal, v;, may be approximated by

vi = Viisin(wt) + Viasin(2or) +V (6.1)
3, - . . are the amplitudes of the consecutively higher frequency components or
harmonics of the original signal.

These higher frequency components may represent fluctuations (or, in many cases, electrical
noise) that we may wish to attenuate to prevent aliasing (appearance of high-frequency
components in the analogue signal as low-frequency aliases of these components) and generally
to present a clean signal to the DAQ em. The filter in Figure 6.1 produces an output, v,,
which has the same set of components (in terms of the respective frequencies) as the original
signal, v;, but at reduced amplitud

Vo = Vo1 sin(wt) + Voo sin(2or) + Vozsin(3wr) + -+ -+ (6

whereV,, Vods oot
V2.V 3, ... . are smaller than their counterparts in the input signal, V; 1V,
instance, depending on the values of R and C in the filter shown in Figure 6.
close to V1, say 98% of this value, but V,, > may be about 70% of V
for this is that the given low-pass filter attenuates each signal according to its frequency; the

are the amplitudes of the sinusoidal components in v,.. In general, V, ;,

V,,.1 may be very
and so forth. The reason

higher the frequency, the larger the attenuation (hence the smaller the amplitude of the given
component in the output signal). The precise amount of attenuation can be found from the
so-called frequency response graph of the filer (commonly referred to as its Bode plot) as, for
instance, depicted in Figure 6.2.

gure 6.1
Passive low-pass filter.

Chapter 6

Bode Diagram

Magnitude (dB)

Phase (deg)

10'
Frequency (rad/sec)
Figure 6.2

Bode plot of low-pass filter.

The specific equation for the filter from the application of Kirchoff
node (assuming an open circuit or no load at the output) is given by

urrent law at the output

(6.3)
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Insights

In this signal conditioning project, multiple pre-established circuits are utilised to achieve the
required results. These circuits feature operational amplifiers in different configurations,
allowing them to carry out different functions. The main circuit used is a low pass filter. There
are two main categories of low pass filters, passive and active [1]. Passive filters consist of
simple RC circuits, they can be used to remove noise from a signal (see figure 1). As these
circuits are simply resistors and capacitors, they load the circuit drawing current from the
signal. When carrying out signal conditioning this may corrupt the input signal becoming
unusable. Active filters solve this problem by utilising operational amplifiers which only draw
minimal current from the signal being powered by their own supply [2]. A combination of the
RC circuits and the Op-amp is used to form a filter. Different configurations of resistors and
capacitors allow the filter to operate in different ways. The filter used in this project uses a
Sallen-key architecture (see figure 2), also known as a voltage-controlled voltage-source
(VCVS) filter [1] [3] [4]. These filtering circuits are often used in industry where signals are
corrupted due to mains supply cables being run adjacent to measuring instruments. The
mains supply’s frequency of 50Hz causes signal ‘noise’ which must be filtered out. Noise can
also occur due to mechanical disruption such as vibration [2, p. 51] .

R1
Vi—Wy

Figure 1 - Sallen-Key Low pass filter [4]

When designing a filtering circuit there are lots of options to consider, such as whether a low
pass or high pass filter is required. Low pass filters cut off high frequencies, allowing low
frequencies to ‘pass’. High pass filters carry out the opposite function, passing only high
frequencies [5]. Once this specification is considered the next design choice would be the
required frequency response for the circuit. Standard frequency responses are Butterworth,
Bessel and Chebychev (see figure 3). Each response has different applications, offering
distinct benefits.
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noise) that we may wish to attenuate to prevent aliasing (appearance of high-frequency
components in the analogue signal as low-frequency aliases of these components) and generally
to present a clean signal to the DAQ em. The filter in Figure 6.1 produces an output, v,,
which has the same set of components (in terms of the respective frequencies) as the original
signal, v;, but at reduced amplitud

Vo = Vo1 sin(wt) + Voo sin(2or) + Vozsin(3wr) + -+ -+ (6

whereV,, Vods oot
V2.V 3, ... . are smaller than their counterparts in the input signal, V; 1V,
instance, depending on the values of R and C in the filter shown in Figure 6.
close to V1, say 98% of this value, but V,, > may be about 70% of V
for this is that the given low-pass filter attenuates each signal according to its frequency; the

are the amplitudes of the sinusoidal components in v,.. In general, V, ;,

V,,.1 may be very
and so forth. The reason

higher the frequency, the larger the attenuation (hence the smaller the amplitude of the given
component in the output signal). The precise amount of attenuation can be found from the
so-called frequency response graph of the filer (commonly referred to as its Bode plot) as, for
instance, depicted in Figure 6.2.

gure 6.1
Passive low-pass filter.

Chapter 6

Bode Diagram

Magnitude (dB)

Phase (deg)

10'
Frequency (rad/sec)
Figure 6.2

Bode plot of low-pass filter.

The specific equation for the filter from the application of Kirchoff
node (assuming an open circuit or no load at the output) is given by

urrent law at the output

(6.3)
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Insights

In this signal conditioning project, multiple pre-established circuits are utilised to achieve the
required results. These circuits feature operational amplifiers in different configurations,
allowing them to carry out different functions. The main circuit used is a low pass filter. There
are two main categories of low pass filters, passive and active [1]. Passive filters consist of
simple RC circuits, they can be used to remove noise from a signal (see figure 1). As these
circuits are simply resistors and capacitors, they load the circuit drawing current from the
signal. When carrying out signal conditioning this may corrupt the input signal becoming
unusable. Active filters solve this problem by utilising operational amplifiers which only draw
minimal current from the signal being powered by their own supply [2]. A combination of the
RC circuits and the Op-amp is used to form a filter. Different configurations of resistors and
capacitors allow the filter to operate in different ways. The filter used in this project uses a
Sallen-key architecture (see figure 2), also known as a voltage-controlled voltage-source
(VCVS) filter [1] [3] [4]. These filtering circuits are often used in industry where signals are
corrupted due to mains supply cables being run adjacent to measuring instruments. The
mains supply’s frequency of 50Hz causes signal ‘noise’ which must be filtered out. Noise can
also occur due to mechanical disruption such as vibration [2, p. 51] .

R1
Vi—Wy

Figure 1 - Sallen-Key Low pass filter [4]

When designing a filtering circuit there are lots of options to consider, such as whether a low
pass or high pass filter is required. Low pass filters cut off high frequencies, allowing low
frequencies to ‘pass’. High pass filters carry out the opposite function, passing only high
frequencies [5]. Once this specification is considered the next design choice would be the
required frequency response for the circuit. Standard frequency responses are Butterworth,
Bessel and Chebychev (see figure 3). Each response has different applications, offering
distinct benefits.
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Units Per unit

1+ £67.78
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RS PRO Flexible Contractor Pack Conduit, 20mm Nominal Diameter,
PVC, Black

RS Stock No.: 513-2354 Brand: RS PRO

[ PRO

Available to back order for despatch
19/01/2024

D Your order qualifies for FREE delivery

:= Add to a parts list

Price Each

£42.37

(exc. VAT)

Units

Image representative of range 1.9

View all Conduit 10-49

A oL

Feedback

£50.84
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MICROCHIP

PIC24FJ128GB204 FAMILY

28/44-Pin, General Purpose, 16-Bit Flash Microcontrollers with
Cryptographic Engine, ISO 7816, USB On-The-Go and XLP Technology

Cryptographic Engine
AES Engine with 128,192 or 256-Bit Key
Supports ECB, CBC, OFB, CTR and CFB128 modes

DES/Triple DES (TDES) Engine: Supports
2-Key and 3-Key EDE or DED TDES

‘Supports up to Three Unique Keys for TDES
Programmatically Secure

True Random Number Generator
Pseudorandom Number Generator
Non-Readable, On-Chip, OTP Key Storages

Universal Serial Bus Features

+ USB v2.0 On-The-Go (OTG) Compliant

+ Dual Role Capable; can Act as Either Host or
Peripheral

* Low-Speed (1.5 Mb/s) and Full-Speed (12 Mb/s)
USB Operation in Host mode

« Full-Speed USB Operation in Device mode

* High-Precision PLL for USB

+ USB Device mode Operation from FRC Oscillator:
- No crystal oscillator required

+ Supports up to 32 Endpoints (16 bidirectional):

- USB module can use any RAM locations on
the device as USB endpoint buffers

‘On-Chip USB Transceiver

‘Supports Control, Interrupt, Isochronous and

Bulk Transfers

‘On-Chip Pull-up and Pull-Down Resistors

Extreme Low-Power Features

+ Multiple Power Management Options for Extreme

Power Reduction:

- VBAT allows the device to transition to a
backup battery for the lowest power
consumption with RTCC

- Deep Sleep allows near total power-down,
with the ability to wake-up on internal or
external triggers

- Sleep and Idle modes selectively shut down
peripherals and/or core for substantial power
reduction and fast wake-up

- Doze mode allows CPU to run at a lower
clock speed than peripherals

Alternate Clock modes allow On-the-Fly

Switching to a Lower Clock Speed for Selective

Power Reduction

Extreme Low-Power Current Consumption for

Deep Sleep:

- WDT: 270 nA @ 3.3V typical

- RTCC: 400 nA @ 32 kHz, 3.3V typical

- Deep Sleep current: 40 nA, 3.3V typical

Analog
Memory Peripherals Digital Peripherals . 2
g
= 3| g
3 H H oo |28
g P IR I I - Rl |5|5|32|¢8
2s13s| £|le|28|5|2|§ < | S| E|lal8|2
Dovice ceg(zg| " | 2|55 |8|E|s|z18|58|E/8|aa
§5| 5% 5 28|2|S|s|®|s|5|s|&|°|e|8
3SR @ g 518 |% z : g |9
g~ |38 &l s|6|2]¢ E|&|e gls
8 18 2| s x = 2

a S = a2 <
e £ 9 <

o

PIC24FJ128GB204 | 128K 8K 44 12 3 12 6 6 2 3 4 Y 5 Y Y Y
PIC24FJ128GB202 | 128K 8K 28 9 3 9 6 6 2 3 4 N 5 Y Y Y
PIC24FJ64GB204 64K 8K 44 12 3 12 6 6 2 3 4 Y 5 Y Y Y
PIC24F J64GB202 64K 8K 28 9 3 9 6 6 2 3 4 N 5 Y Y Y

© 2013-2015 Microchip Technology Inc.

DS30005009C-page 1




image83.png
SHARP

GP2Y1010AUOF

GP2Y1010AUOF

m Description

GP2Y1010AUOF is a dust sensor by optical sensing
system.

An infrared emitting diode (IRED) and an phototran-
sistor are diagonally arranged into this device.

It detects the reflected light of dust in air.

Especially, it is effective to detect very fine particle
like the cigarette smoke.

In addition it can distinguish smoke from house dust
by pulse pattern of output voltage.

m Features

1. Compact, thin package (46.0 x 30.0 x 17.6 mm)

2. Low consumption current (Icc: MAX. 20 mA)

3. The presence of dust can be detected by the
photometry of only one pulse

4. Enable to distinguish smoke from house dust

5. Lead-free and RoHS directive compliant

Compact Optical Dust Sensor

m Compliance
1. Compliant with RoHS directive (2002/95/EC)

B Applications
1. Detecting of dust in the air.
2. Example: Air purifier, Air conditioner, Air monitor

Notice The content of data sheet is subject to change without prior notice.

In the absence of confirmation by device specification sheets, SHARP takes no responsibilty for any defects that may occur in equipment using any SHARP
devices shown in catalogs, data books, etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device.

Sheet No.: E4-A0T501EN
Date Dec. 1. 2006
© SHARP Corporation
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Ultrasonic
Transmitter, Sensor & Housing multicomp

Description

Ultrasonic ceramic transducers transfer acoustical energy to

. mechanical energy or vice versa. The Standard Open Type

\ Transducer is constructed in a manner which incorporates the
/ y fundamental structure of piezoelectric ceramic element of the
monomorph type with a conical metal resonator. This Special

combination provides high sensitivity (Over — G5dB/V/uBar),

Transmitter Sensor wider bandwidth, excellent temperature and humidity durability,
SQ-40-T-10B SQ-40-R-10B stable electrical and mechanical characteristics, and small size.
\ e
) Applications:

+ Remote control devices
+ Liquid & bulk sensors
* Level controls
* Intrusion alarms
+ Motion detectors
Housing + Auto doors
QHP10 + Counting devices

Specification Table:

Item $Q-40-T-10B $Q-40-R-10B Unit
Transmitting Sensitivity 110 - SV db
Receiving sensitivity - -70 MV db
Resonant Freq. Trans. 40 £1 - kHz
Resonant Freq. Rec. - 40 1 kHz
Directional Angle Approx 60° °
Max Input Volts 10 - Vrms
Impedence Approx 700 Approx 30k -
Capacitance 2,000 + 20% pF
Pulse Rise Time 0.7 - ms
g;::‘%r: Vols for Pulse Not recommended for Pulse Operation Vo
Temp. Range -20 to +60 °C
Trans. Selectivity 20 min - Qsv
Rec. Selectivity - 25 min Qmv

www.element14.com @
.f: 1.
o movarioom multicomp

Page <1> 06/11/12 V1.0
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Honeywell Humidlcon™
Digital Humidity/ Temperature Sensors

Honeywell Humidlcon™ Digital Humidity/Temperature Sensors, HIH8000 Series, are digital output-type relative humidity (RH)
and temperature sensors combined in the same package. These sensors provide an accuracy level of £2.0 %RH and a
temperature accuracy level of £0.5 °C.

* Industry-leading long-term stability * True temperature-compensated digital °C or SPI output
« Industry-leading reliabilty o Energy efficiency
* Lowest total cost solution * Ultra-small package size and options
« Other accuracies available: 1.7 %RH (HIH9000 Series), +3.0 %RH (HIH7000 Series), +4.0 %RH (HIH6100 Series),
and +4.5 %RH (HIHB000 Series)
HIH8131
What makes our sensors better? oo s
© One sensor does the work of two! o L

© 2.0 %RH accuracy (humidity performance)
© 0.5 °C accuracy (temperature performance)

© -40 °C to 125 °C [-40 °F to 257 °F] operating
temperature range

The series consists of packaging variations, offering customers the ability to

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

no filter), output (1°C or SPI), and packaging (tape and boxed, tape and reel, or \

samples on tape). HIHB120 W HIHB121

HIH8000 Series Housing, Filter, Output, and Packaging Comparison

Output  Supply Housing

Series’ e e s Filter Accuracy  Out; Packaging
HIH8120-021-x000¢ SIP 4-pin without fiter, kG 100 to 249 units on tape
non-condensing and boxed, 250 units or
) with fiter, more on tape and reel; o
HIHB121-021-x000 SIP 4-pin p—- FC | 5 sample pieces on tape
without fitter, ’
HIHB130-021-x00 B 23Vdoto | SOICBSMD Hon-condensi FC | 1000 pieces on tape and
digital 5.5Vde +2.0 %RH reel; or 5 sample pieces
: without fitter,
HIH8130-000-xx0x0¢ SOIC-8 SMD ; SPI ontaps.
non-condensing
with fitter, .
HIHB131-021-x000 S0IC-8 SMD {ion resistant FC 1? uesm on :pg and
reel; or 5 sample pieces
with fitter,
HIHB131- IC-8 SMD Pl on
18131-000-000 S0IC-8 8 o res Si tape

* See order guide on page 11 for complete catalog listings.

INDUSTRY-LEADING RELIABILITY ® ACCURACY e PACKAGING ¢ LONG-TERM STABILITY

2  sensing.honeywel.com
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Preliminary Datasheet SGP40

SENSIRION

THE SENSOR COMPANY

Indoor Air Quality Sensor for VOC Measurements

12C interface with digital output signal

Product Summary

The SGP40 is a digital gas sensor designed for easy
integration into air purifiers or demand-controlled
ventilation systems. Sensirion’s CMOSens® technology
offers a complete, easy-to-use sensor system on a single
chip featuring a digital I°C interface and a temperature-
controlled micro hotplate, providing a humidity-
compensated VOC based indoor air quality signal. The
output signal can be directly processed by Sensirion’s
powerful VOC Algorithm to translate the raw signal into a
VOC Index as a robust measure for indoor air quality. The
VOC Algorithm automatically adapts to the environment
the sensor is exposed to. Both sensing element and

hotplate
T-sensors.
heater
controllers
heater
MOx
material =
VOC pixel £
£
=3
g
MEMS analog

Figure 1 Functional block diagram of the SGP40.

MOx based gas sensor for indoor air quality applications
Outstanding long-term stability and lifetime

Very small 6-pin DFN package: 2.44 x 2.44 x 0.85 mm3

Low power consumption: 2.6 mA at 3.3V
Tape and reel packaged, reflow solderable

1 system v,

VOC Algorithm feature an unmatched robustness
against contaminating gases present in real-world
applications enabling a unique long-term stability as
well as low drift and device-to-device variation. The very
small 2.44 x 2.44 x 0.85 mm® DFN package enables
applications  in  limited  spaces.  Sensirion’s.
state-of-the-art production process guarantees high
reproducibility and reliability. Tape and reel packaging
together with suitability for standard SMD assembly
processes make the SGP40 predestined for high-
volume applications.

on-chip v,
memory

controller

|

signal
processing
incl. —
humidity
compensation

—— SDA

FC interface

— SOL

digital

www.sensirion.com
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SILICON LABS

Si1145/46/47-M01

PROXIMITY/UV/AMBIENT LIGHT SENSOR MODULE WITH
12C INTERFACE

Features
Pin Assignments
®  Integrated infrared proximity detector e Accurate lux measurements with IR
« Proximity detection adjustable from correction algorithm
under 1 cm to over 50 cm = Industry's lowest power consumption Si114x-M01
o Three independent LED drivers « 1.71103.6 V supply voltage I 3
o 15 current settings from 5.6 mAto e 9 pA average current (LED pulsed °
360 mA for each LED driver 25.6 ps every 800 ms at 180 mA DNC I] @ LEDA
o 25.6 ps LED driver pulse width plus 3 pA Si1145/46/47-M01
« 50 cm proximity range with single supply) SDA| 2] [9] Lept
pulse (<3 kix) e <500 nA standby current —
« 15 cm proximity range with single e Internal and external wake support scL 3 [8] eno
pulse (>3 kix) o Built-in voltage supply monitor and t
 Operates at up to 128 kix (direct power-on reset controller VDDE Iz LED3/CVo
sunlight) « 256 ps LED “on” time keeps total f
« High reflectance sensitivity power consumption duty cycle low INTE E LED2/CVeo
<1 pWiem? without compromising performance
« High EMI immunity without shielded or noise immunity
packaging ® IR LED integrated inside the module
® Integrated UV index sensor m 12C Serial communications

®  Integrated ambient light sensor
« 100 mix resolution possible,
allowing operation under dark glass
« 11to 128 kix dynamic range possible m

e Up to 3.4 Mbps data rate

* Slave mode hardware address
decoding (0x60)

Small-outline 10-lead

across two ADC range settings 4.9x2.85x1.2 mm QFN
m  Temperature Range
e —40to+85°C
Applications
= Handsets ®  Portable consumer electronics
™ Heart rate monitoring ® Touchless switches
Pulse oximetry Touchless sliders
®  Wearables m  Consumer electronics
® E-book readers m Display backlighting control
®  Notebooks/Netbooks
Description

The Si1145/46/47-M01 is a low-power, reflectance-based, proximity, UV Index and
ambient light module with integrated single IR LED, two additional LED driver
outputs, 1°C digital interface, and programmable-event interrupt output. This
touchless sensor module includes an analog-to-digital converter, integrated high-
sensitivity visible and infrared photodiodes, digital signal processor, and three
integrated infrared LED drivers with fifteen selectable drive levels. The Si1145/46/47-
MO1 offers excellent performance under a wide dynamic range and a variety of light
sources including direct sunlight. The Si1145/46/47-M01 can also work under dark
glass covers. The photodiode response and associated digital conversion circuitry
provide excellent immunity to artificial light flicker noise and natural light flutter noise.
With two or more LEDs, the Si1145/46/47-M01 is capable of supporting multiple-axis
proximity motion detection. The Si1145/46/47-M01 devices are provided in a 10-lead
4.9x2.85x1.2 mm QFN package and are capable of operation from 1.71 to 3.6 V over
the —40 to +85 °C temperature range.

Rev. 1.0 11/14 Copyright © 2014 by Silicon Laboratories Si1145/46/47-M01





