A minimalistic hi-efficiently regulated DC/DC Step-up Converter using a single 555 timer as the controller.
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The purpose of this reference design is to give us an inexpensive, easy to build switching Step-up regulator, but with no compromises on power conversion efficiency. Here is the proposed reference schematic.

The 555 is connected in “Pulse Position Modulation” topology, acting as the controller of the Step-up modulator. In this topology the 555 is self-timed while in parallel modulates its output TH and TL times depending on the control voltage pin. The relatively high current output of the 555 can easily directly drive the gate of a power mosfet with hi slew rate. The operation voltage range of 555 is also ideal. Such a well-driven power mosfet is the ideal switch for a hi-efficiency switching Step-up regulator. The Step-Up topology is something classic. It just consists of the power mosfet, a hi-current inductor, an Schottky diode and some output capacitors.

Finally we should generate a proper signal on the control voltage pin of the 555. For this purpose the feedback circuit is used. It consists of the minimum possible parts and it acts as a regulated (through the variable resistor R_VAR) output voltage limiter by giving a negative feedback back to the 555. Yes a single nmos is enough to do the job as the “control voltage pin” is internally connected to a resistor net that drives this pin to 2/3VCC. So the voltage on that pin with the nmos feedback goes from 0 to 2/3VCC. Given the values on resistors RA, RB, that actually makes the output of the 555 to sweep from 0% duty circle to ~66.7%.  That is a safe maximum duty circle for the setp-up converter. Someone could possible increase it by incising the value of the RA resistor. That way you will get more output power, but caution is advised. 
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List of materials:

1x
Timer 555

1x
IRF540*

1x
BS170

1x
1n5822*

1x
Hi-current inductor ~100uH

1x
Elec. Cap 1000u/16V

1x
Elec. Cap 470u/50V

1x
Cer. Cap 1u

1x
Cer. Cap 10p

2x
Resistor 1K

1x
Resistor 10K

1x
Resistor 2K**

1x
Varable Res. 33K**

*
Basically a large list of alternatives can be used here (depending on the application)

**
These values should be altered depending on the maximum and minimum desired output voltages.

The implemented reference design.
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Specs of the proposed reference design:

Input voltage range: 5-15V

Maximum output regulated voltage: 40V

Maximum output power: 10Watt

Maximum oscillator frequency: 70-80khz (depending on Vin)

Efficiency 80-90% (tested over a wide range of scenarios)

Static consumption: 25ma (at 12V Vin | ~0.3W)

Output noise (ripple): <100mV (at 100ma load)

Output of the 555/ Mosfet Gate
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Ripple on the Output (~105ma load)
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Performance analysis / Possible modifications.

This circuit actually performed better than I expected. It has over 80% efficiency even under strange scenarios (such as Vin=5v Vout=20V). The circuit also remained cool even at the maximum output (10W). Absolutely no cooler is needed for the Mosfet. The only component that somewhat got warm was the inductor (so most of the lost energy was there). Well, the only inductor I had available was one “stolen” from a ATX power supply. It had ~0.9mm diameter wiring. This fact cost me a little. 

In general by using a better inductor (thicker wiring / more Amps), increasing the value of  RA resistor and output capacitor, plus charging the 1n5822 Schottky diode with something more hard duty like MBR1040CT, more output power can be archived with better efficiency and ripple. On the other hand, if someone needs more maximum output voltage (more than 40V) then he should change the Schottky diode with a regular one (ect 1n54XX) and possibly for real high voltages even change the mosfet. Maximum output voltages of 80V+ are achievable for low currents even at low Vin.

The only real drawback I found on this circuit during the test was the stability of the Output Voltage proportional to the Vin value and the Output current. For Vin form 5 to 15 it shifted about 1V up. Same thing happened with a variation to the load from 10ma to 200ma at 25Vout. Well for many applications Vin and Iout will not shift that much, so that could probably be bearable. If that is not the case, then maybe a more sophisticated/strong feedback or a better inductor ect could decrease the problem.

Real life / practical use scenarios of reference design:

Driving your regular 12V PC fans from 5V using the Step-up regulation to drive them from 5V to 16V (overvoltage)

http://www.youtube.com/watch?v=KovkWFGBgsA
Driving a hard duty server fan (48V) from the 12V of your PC (with fan speed control).

http://www.youtube.com/watch?v=GgqfKMTD6gE
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