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Introduction:

The Hamamatsu UVTron Flame Detector is a special sensor sold by Acroname.com that can detect a flame from a reasonable detection distance. Tests performed by Acroname have shown that the detector can detect a cigarette lighter flame from 5 meters away. So, when I received the package, I constructed a test circuit, and with a cigarette lighter proved indeed that the UVTron can detect a flame from 5 meters. In fact, the detector is so sensitive that it will detect bounced waves from the flame off of the wall. 

The Sensor:
The sensor itself looks very much like a light bulb, and must be handled with extreme care, especially since I am a broke college student and cannot buy another! A picture of the sensor is shown below. 
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There are two leads on the sensor and they are labeled in the same manner as a diode, with the terms anode and cathode. The leads of the sensor are connected to a driver board that is discussed in the next section. Blow is a specification chart for the UVTron sensor at room temperature (25 degrees Celsius). 
	Parameter
	Unit
	Max

	Discharge Starting voltage
	Vdc Max. 
	280

	Recommended Operating Voltage
	Vdc
	325+-25

	Recommended Average Discharge Current
	uA
	100

	Background
	Cpm Max. 
	10

	Sensitivity
	Cpm Max. 
	5000


Below is a summary of the Maximum Ratings for the P5587 UVTron sensor bulb:
	Parameter
	Unit
	Max

	Supply Voltage
	VDC
	400

	Peak Current
	mA
	30

	Average Discharge Current
	mA
	1

	Operating Temperature
	Degrees Celsius
	-20 to +60


The Hamamatsu Driver board:

The sweet thing about this sensor is you can purchase an interface board that is really easy to use! Always looking for the easy path, I purchased this board and it delivers just as promised. I have provided a picture of the PCB with the UVTRON sensor attached below:
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The board in essence takes the 5VDC input that I supply and converts it to 350V to supply the UVTron. I have power converter experience, but this makes it way easier. The board only draws like 3mA to power everything. It also offers its own 5V regulator on board if you with to supply it with 10-30V. I am going to use 2 cell lithium polymer batteries to power the tank with a voltage of equal to or less than 8.4V. I am using the Atmega128 which requires 5V, so I already have the need to mount a 5V regulator on my motherboard, so I bypassed their regulator and attached it to my regulator. 
The board also offers three different types of output so that an array of different interfaces can be used with many different microprocessors. With the Atmega128, I could use any of the three outputs, but I decided to go with option three which is an open collector output. This output can sink up to 50mA which is what I needed because I wanted to test the circuit and sensor with a simple LED to indicate detection. It offers two other outputs that are your basic CMOS 5V compatible signal lines. One is an active high output, and the other is simply its complement, an active low output. I am unsure of the driving capability of these outputs so I simply chose the open collector output to ensure correct operation. The open collector output is also nice in the fact that if I was using some other controller that operated at 3.3V or whatever, I could use this to interface to the board with no glitches. Of course the open collector output requires a pull up resistor to function properly. 

This board also offers an area of jumper sections to control the background canceling adjustment. I have not yet had to change this setting, but it allows the user to select the number of pulses that the UVTron emits before detection is officially sent to the outputs. This will be useful when testing for the NEB room so that I can cancel out background UV light from the low voltage lighting, or other interference that may occur in the building. The jumpers allow you to select between 3, 5, 7, and 9 pulses. I currently have it on the factory setting at 3 pulses. 
The following table summarizes the specifications for the drive circuit:

	Parameter
	Unit
	Value

	Weight
	g
	~20

	Input Voltage
	Vdc
	10-30

	Current consumption (@24VDC)
	mA
	3 (typ.)

	Open Collector output
	ms
V

mA
	10
50

100

	UVTron Supply Voltage
	VDC
	350

	Quenching Time
	ms
	~50

	Operating Temperature
	Degrees Celsius
	-10 to +50


Theory of Operation:

In my opinion, this is an amazing device, especially after testing it. The following provides a summary of the theory of operation according to the user manual. 

When the cathode of the UVTron is exposed to UV rays from a flame, photoelectrons are emitted from the cathode by the photoelectric effect and then accelerated towards the anode by the electric field. When the applied voltage becomes higher and the electric field stronger, the kinetic energy of the electrons becomes large enough to ionize the molecules of the enclosed gas in the tube by collision. The electrons generated by ionization are accelerated, enabling them to ionize other molecules before reaching the anode. at the same time, positive ions are accelerated toward the cathode and collide with it, generating secondary electrons. This avalanche process causes a large current between the electrodes and discharge takes place. This will cause the voltage drop between the nodes to reduce significantly. The driver board is watching the current of the sensor and can then sense when the avalanche process occurs. It then counts that as one pulse and resets the sensor by reducing the voltage. These pulses accumulate up to the background canceling noise values set by the jumpers and then output once the value is reached. 
Test Circuit:

As mentioned above, when I received the UVTron in the mail I immediately went to work on a test circuit. I opted to purchase the drive board with the sensor in order to simplify things and speed up the process. As they say, a lazy engineer is a good engineer. This drive board provides the sensor with the correct operating voltage in order to detect the flame. The operating voltage is 350V! I decided this was not necessary to build, and since they had it made, I bought it. The nice thing about the board is that it requires only a regulated 5V supply, and has three different types of outputs. I used the open collector output (marked “3” on the PCB) and pulled it high to 5V with a 10k resistor. This is now an active low output. Then I simply put an LED between the output and ground to monitor when a detection occurs. This circuit setup can be seen below with the 5V regulator that I plan on using on the motherboard. 
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This circuit proved to work fine and I had to play around some to get the range of view blocked so that deflections off of walls could be eliminated, and point of view direction could be enabled. After several attempts, I arrived with a cone shape to put over the bulb to allow straight on detection. When a flame was placed in front of the end hole with plus or minus 10 degrees, the LED would turn off. Initially I could not see this due to a 10ms pulse width on the output. I solved this by placing a capacitor on the board that allowed the output pulse to be extended to ~1s. This indeed works great and the sensor is now ready to be mounted onto the tank for more testing. The complete circuit with the cone over it can be seen below. 
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