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SMPS Voltage and Current Feedback Loops

Let me first state what I hope these two feedback loops can do for the switch mode power supply (SMPS)

Voltage Feedback Loop – This feedback loop is expected to hold the output voltage steady at a set voltage regardless of output load.  For steady resistive loads this could be simple, for inductive loads such as motors or solenoids this could be interesting.  Particularly troublesome could be a load that consists of a pulse width modulated motor (PWM) “speed” controller.  The problem being that the output load is essentially “chopped” – all ON or ALL OFF many times per second.  This could be the ultimate step-load.  Frequency of PWM versus the SMPS could be a significant issue.

Current Limiting Feedback Loop-For my purposes, the name says it all.  When the circuit output exceeds the maximum design current (20 amps) I expect this feedback loop to control the SMPS such that even if loaded, no more than the set amount of current can be given to the load.  What that means is that the SMPS-PWM% control voltage needs to be lowered allowing output voltage to drop all the way until output voltage equals input voltage if need be (zero SMPS-PWM%).  This circuit will not be able to stop a dead short.  In the case of a dead short on the output, the SMPS-PWM% will go to zero, current pumping will stop in the boost inductors and the boost diodes will allow input current/voltage to flow through the circuit with only the one diode drop in voltage.  There is no way in the current circuit to control the dead short at the output.  The fuse protecting the input to the circuit will have to blow saving the boost inductors and boost diodes from over-current (boost mosfets already shut down by SMPS-PWM%).

Overall Circuit – This switch mode power supply is intended to boost 12 volts to 18 volts and deliver a maximum of 20 amps output.  It has a two-phase boost section that works to keep voltage ripple to a minimum and keeps component size and cost lower.  The base frequency of 40 kHz for each phase works to keep the component size much smaller as well (boost inductor).  Two phases of 40 kHz gives an effective final ripple of 80 kHz.

If you look at SMPS-1.pdf you will see the basic layout of the boost section.  The boost is achieved by cycling the mosfets on and off each cycle just enough to charge the boost inductor so that during the off-time the inductor pumps current through the boost diodes into the discharge capacitor (C14).  The pulse width modulation percentage (pwm%) controlling the on-time of the mosfet is set by the voltage output of voltage ladder R41-R42.  This reference voltage is used in the comparators U5-1 & U5-2.  As configured right now this PWM% will never reach anywhere near 100%.  For the intended boost the PWM% should never reach 50%.

Discharge voltage is monitored by R37-R38 to provide a scaled voltage to opamp U7-1.  Voltage setting is achieved with R32 – R36, creating a reference voltage for non-inverting input to U7-1.  Resistors R41 & R42 set the highest feedback voltage for SMPS-PWM% of the boost mosfets.  U7-1 acts only to draw the feedback voltage to a lower level when output voltage goes above the set-point.  When the discharge voltage goes below the set-point, U7-1 draws less current off the R41-R42 ladder allowing the voltage to rise increasing the SMPS-PWM%.

This voltage feedback loop has worked very well.  With the existing limit feedback loop disconnected, the voltage loop has held the discharge voltage steady at loads all the way to maximum output of 20 amps at 18 volts.  Using the step-loader, this loop is steady up to a step frequency of 625 Hz with 50% load stepping (10 amp base load, 10 amp step load).

When the step loading frequency is increased above 625 Hz the discharge voltage has significant ripple but is centered steadily at the set-point voltage.  Ripple can be up to 3 volts peak-to-peak depending on loading levels.  If step-loading frequency is increased to 2,500 Hz or 40 kHz, the voltage ripple gets more severe and the inductors start to audibly squeal.  That means things are out of phase and one phase is taking most of the load, not a good situation and this operation should be avoided.

The high frequency step loading instability could be a big problem for a high frequency motor controller that could be used after this SMPS.  I will be testing this issue later since that is THE planned load for this SMPS.  The follow-on motor controller may have to run it’s PWM at a frequency lower than 625 Hz to allow this SMPS to supply it.

The current limiting feedback loop (centered on U7-2) is intended to work similarly to the voltage loop.  When activated U7-2 should draw current from the R41 – R42 ladder lowering the feedback voltage enough to limit the discharge current to 20 amps.

If you look at the photos posted of this circuit you will see two identical red DVM’s.  Each unit is monitoring a current shunt, the left one monitors the in-feed current into the boost section, the right DVM monitors the discharge current.  The sense resistor R30 actually monitors the instantaneous current of one phase.  Testing has shown that the voltage peak across this resistor of .35 volts corresponds to the output current of 20 amps as shown on the right DVM-shunt.  Comparator U8-1 starts forming a square wave at its output when the instantaneous current across R30 creates a voltage exceeding the reference voltage of .35 volts.  This square wave output starts charging C21.  R47 is there to slowly drain C21 between cycles.  The resulting output activates very precisely as discharge current exceeds 20 amps and causes U7-2 to start reducing the SMPS-PWM%.

The problem now is that this current limiting scheme does not continue to pull back the SMPS-PWM% enough to limit discharge current.  As depicted in the schematic, voltage drops about one volt and the discharge current continues to rise above its set-point.

I think this current limiter is too involved.  I’ve thought it over and I think skipping the comparator U8-1 and its associated diode/cap/resistor is the solution.  On my next testing session I will take the input of the sense resistor R30 directly to R48.  This will let U8-1 and its integrating components activate when the instantaneous current goes above the set-point and draw down the feedback voltage enough to keep the discharge current under control (see file SMPS-2.pdf).

When I previously tested this second current limiter (originally suggested by John Popelish) I took the non-inverting input of U7-2 directly to ground through a resistor.  This meant the opamp started trying to pull the feedback signal down as soon as ANY current was discharged.  It didn’t work well.  This time with a variable voltage in the range of .3 to .35 the integrator shouldn’t start pulling signal until the proper discharge current is reached.

My final concern is that there will be a tug-of-war between the two feedback loops.  The current limit loop needs to be the clear winner at max current situations.  In this past weekend’s testing I tried all kinds of configurations where the current limit loop actuall supplied the source of the voltage ladder R41 & R42.  When current limiting tried to lower the voltage feedback, the voltage loop still controlled.  The output voltage would only drop one volt.  The voltage feedback integrator overwhelmed the current limiting loop.  I was surprised in this case.

I will have to find a solution.

