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its forward bias so that this error detector/amplifier transistor will now conduct less This forces Q2 s collector voltage to increase, which then forces the base voltage of Q1 to rise, making this series-pass transistor conduct harder Now, increased current will flow through any load placed at the regulator s output, thus increasing the output voltage Q2 s emitter is clamped at a reference voltage by the zener, with R5 setting the diode s idling current, while the collector resistor for Q2 and the base bias resistor for Q1 is supplied by R4 Three-terminal regulators (shown in Fig 843) are, because of their low cost, size, and weight, high efficiency, and great simplicity, the most common type of regulator for almost any circuit or system requiring 3 A or less (much higher currents are possible with the addition of external components) These devices are integrated circuit regulators that include full internal current limiting and thermal protection circuits, so if the IC s internal power dissipation rises excessively, the 3-T will shut itself down before burning out As shown in the figure, the 3-T circuit employs R1 and R2 to fix the output voltage level R2 can also be varied in order to change this output voltage for almost any requirement Very efficient switching regulators are found in an increasing number of power supplies These devices regulate by outputting a variable-duty-cycle pulse into a low-pass filter in step with the output load requirements, and perform this switching with speeds of between 20 and 500 kHz Because of the fast rise and fall times of these waveforms, however, strong switching noise constituents will be produced within the regulator These must be heavily filtered to reduce excessive hash output into sensitive radio gear Thus, their use is still limited in certain communications gear, where designers may favor linear power supply regulators, such as the 3-T If selected, switching power supplies require not only filtering of all the input and output leads, but also shielding and very short trace runs to minimize EMI generation Figure 848 is a common architecture for a switching regulator Q1, a switching pass transistor, receives pulses into its base from a VCO that is controlled by a comparator Q1 then outputs a switching voltage in step with these commands into the lowpass filter of L1 and C1, which filter the pulses into DC By.
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		increasing or decreasing the pulse s duty cycle into this LC filter, the average DC output voltage will increase or decrease D1 protects Q1 from the inductive kickback of the stored charge within L1, which would normally produce a very high spike of voltage into the emitter during switching The voltage divider of R1 and R2 program the desired output voltage of the switching regulator by using the voltage dropped across R2 as a comparison to the zener s reference voltage, which then turns on or off the comparator, and thus controls the VCO, all depending on the voltage level across R2 Most of the above circuit is found in IC form, with built-in current-limiting and thermal protection A widely used integrated version, with typical support components, is displayed in Fig 849 This is a common regulator arrangement in many production switching-mode power supplies As above, R1 and R2 program the desired output voltage, with the voltage across R2 being fed back by the feedback line to the internal comparator circuits The low-pass filter is composed of L1 and COUT, with D1 shunting the inductive kickback of a discharging L1 to ground (when the IC switches off), instead of across the IC C1 is used to give the regulator stability at higher current draws Further filtering at the regulator s output may be required if undesirable ripple amplitudes are still present
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