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		  Datasheet File OCR Text:


		  ?   april 2001 1/14 AN1374 - application note vipower: complementary double output non isolated power supply based on viper12a n. aiello - f. gennaro - r. santori 1. introduction in this paper a low cost solution for power converters with double complementary output is introduced, suitable for low power non isolated applications that require both positive and negative voltage. the proposed topologies are based on the obucko o (ostep-downo) or obuck-boosto (o ostep up/downo) converter and use only one inductor to provide double complementary output, and can be easily realized using one of the viper family regulators. such converters have been implemented with viper12a, a very low cost monolithic smart power with an integrated pwm controller. the device is suitable for off-line applications since it consists in a high voltage power mosfet with 730v breakdown voltage. in isolated converters, a second output is usually generated by means of one more winding on the magnetic core of the inductor with a suitable turns ratio n, as shown in figure 1. although this method is a good solution either for medium-high output current or isolated outputs, it is not cost effective for non isolated low power converters. in fact, for low output current, an off-the-shelf isolated inductor is commonly used, reducing both the cost and the size of the converter. figure 1: typical circuit for double output non isolated converter s d 1 c 1 l v out1 c 2 gnd 1 v out2 gnd 2 d 2 n v in - +

 2/14 AN1374 - application note 2. the proposed non isolated solution the proposed converter uses only one inductor to provide a double output with reversed polarity. the second complementary output is generated charging a capacitor during the free-wheeling of the inductor current. the voltage across the capacitor is regulated by means of a zener diode of suitable value. the schematic of the circuit based on buck converter is shown in figure 2. the power switch is operated at high frequency for power conversion. the voltage is then filtered by the lc filter, l and c 1 .inthe standard topology the voltage of the node 1 is clamped by the diode d, allowing the free-wheeling of the inductor current. in the proposed solution, the zener diode, d z , clamps such a voltage to (v d +v z ), where v d is the voltage drop across the diode and v z the zener voltage. if a capacitor is connected across the zener and the ground, a negative voltage source is generated. of course, due to the principle of operation, the second output cannot supply more current than the first one. the switching cycle can be basically divided in two periods as shown in figure 3. considering discontinuous conduction mode, dcm - see an1357 - during the conduction of the switch s, t on , the input dc bus is connected to the output and supplies the load, as shown in figure 3a). once the switch is turned off, the inductor current free-wheels through the diode d 1 , as shown in figure 3b), until it zeroes and the output capacitor c 1 feeds the load. figure 2: the proposed solution in buck configuration d c 1 s l +v out1 d z c 2 -v out2 gnd v in - + 1

 3/14 AN1374 - application note figure 3: functional circuit of the proposed buck converter: a) t on ,b)t off typical current waveforms in dcm are shown in figure 4. the presence of the zener diode in the free- wheeling path does not affect the basic operation of the converter but it could impact the efficiency. in order to understand how the zener diode affects the efficiency of the converter, figure 5 can be considered. if there is no load on out 2 , the free-wheeling current flows through both diodes, d 1 and d z , with a power dissipation given by (1) and (2). where: where t s is the switching period and i d (t) is the diode current. considering the typical diode current waveform shown in figure 4, (3) can be written as (4). a) b) d 1 s l v in c 1 v out2 1 d 1 s l v in v out2 1 c 1 (1) p lossd v f i davg ? = p lossdz v z i dzavg ? = (2) (3) i davg i dzavg 1 t s ----- - i d t () t d 0 t s  == i davg i dzavg 1 2 -- - 1 t s ----- - i pk t off1 ?? ? == (4)

 4/14 AN1374 - application note figure 4: typical current waveforms figure 5: effect of zener diode on power conversion: a) i load2 =0, b) i load2  0 i l t t i d t on t off1 t off2 t s i peak d 1 c 1 s l +v out1 d z c 2 -v out2 gnd v in - + load 1 load 2 d 1 c 1 s l +v out1 d z c 2 -v out2 gnd v in - + load 1 load 2 a) b)

 5/14 AN1374 - application note as the current drawn from out 2 increases, the free-wheeling current flows through a different path, splitting in two components as shown in figure 5b). in this way the power dissipation in d z is reduced and the efficiency is increased accordingly. thus the converter performs better if the complementary output is loaded, for a given output current i out1 . the selection of both output capacitors depends on the output ripple specification. a proper c 2 selection has to be made taking into account that the complementary output is somehow related to the main output. for proper operation of the zener diode, a minimum breakdown current is required, which value is related to the rated power of the device. since the current flowing through the zener is given by (5), the maximum current drawn from the complementary output at nominal voltage is limited by such a minimum current. moreover, the precision of v out2 is given by the precision of the zener voltage that depends on the rated power and voltage of the diode, and on the current through it. if decoupled outputs are required, a suitable control circuit has to be used, as shown in figure 6. this circuit works like a dummy load and can be easily implemented with very low cost components. as drawn in figure 7, the circuit consists in two transistors, q 1 and q 2 , e.g. a pnp and a npn bjt, a resistor r 1 and a zener diode d z1 . the transistor q1, driven by q2 and dz1, assures a given current in l regardless of the load supplied by v out1 . doing so, i out2 can be varied regardless of i out1 and is only limited by the maximum allowable i out1 . figure 6: double-output regulated converter in buck configuration i dz i out1 i out2  = (5) d1 c1 s l v in +v out1 v 1 c2 -v out2 gnd regulation circuit - +

 6/14 AN1374 - application note figure 7: second output regulation circuit for buck converter the proposed solution can be used with a buck-boost converter as well, where the main output has negative polarity, as shown in figure 8. in such a case the regulation circuit can be realized as drawn in figure 9. figure 8: the proposed solution in buck-boost configuration q 1 +v out1 q 2 r 1 -v out2 d z1 gnd d 1 c 1 s l -v out1 d z c 2 +v out2 gnd v in - +

 7/14 AN1374 - application note figure 9: second output regulation circuit for buck-boost converter 3. application example with viper12a in this section an application example with viper12a is described. the converter is based on buck topology and features two outputs: v out1 =12v-100ma and v out2 =-5v. in table 1 the converter specifications are listed. the power supply operates in wide range voltage, i.e. 85-265vac, and is designed to operate in dcm. a single diode rectification is used to limit the cost and the input fuse is replaced with a suitable resistor. a simple input clc emi filter is connected but it could be removed thanks to the low emission related to the power level. in table 2 the part list of the considered power supply is given. details on the design of the input stage as well as layout considerations and viper12 basics in non isolated applications, can be found in an1357. the viper12a makes the power supply short circuit protected. in fact if a short circuit appears on out 1 the restart mode is entered, limiting the power dissipation. on the other hand, if a short circuit appears on out 2 , the converter operates as a conventional buck converter with v out1 given by d z . table 1: buck converter specifications ac input voltage 85 - 265vac output current i out1 100ma output voltage 1 +12v output voltage 2 -5v q 1 -v out1 q 2 r 1 +v out2 d z1 gnd r 2

 8/14 AN1374 - application note figure 10: application example: 12v-100ma power supply table 2: components list reference value part number r f 10 w / 1/2w c in1 1 m f / 400v electrolytic c in2 1 m f / 400v electrolytic c 1 10 m f / 25v electrolytic c 2 22nf / 25v ceramic c out1 33 m f / 25v electrolytic c out2 10 m f / 25v electrolytic d r 1a - 1000v 1n4007 d 1a - 600v stta106 d 1 1a - 600v stta106 d z 16v zener d z0 18v zener d z1 5.1v zener l 1.5mh l f 470 m h i c1 viper12adip d c out1 v ac +12v v dd d z gnd c 1 l d s viper12a c 2 fb d 1 d r c in1 r f l f 85-265v c in2 d zo -5v d z1 c out2

 9/14 AN1374 - application note 3.1 experimental results in this section some experimental waveforms are shown and a performance evaluation is carried out in terms of line and load regulation as well as efficiency. in figures 11 and 12 typical waveforms of the buck based converter are shown: the voltage across the power device, v ds , the output current, the inductor and the diode currents with v in(ac) = 220vrms. figure 11: i out1 =50ma (ch 4): v ds (ch 1) at 220vac and i l (ch 2) figure 12: i out1 =50ma (ch 4): v ds (ch 1) at 220vac and i d (ch 2)

 10/14 AN1374 - application note the static performance of the power supply can be evaluated from figure 13 that shows out 1 voltage ripple, limited to 50mv pp , i.e. less than 0.5%, with a small and low cost output capacitor. the start-up of the converter is quite fast and takes some ms as shown in figure 14, where are traced v dd voltage, output voltage and current with v in(ac) = 220vrms. figure 13: efficiency vs. i out1 at i out2 =0a figure 14: start up transient at 220vac: v dd (ch 1), v out1 (ch 3) =12v and i out1 =25ma (ch 4).

 11/14 AN1374 - application note line and load regulation diagrams are shown in figures 15 and 16 respectively. the efficiency of the power supply has been evaluated under two different operating conditions: 1) i out2 =0 and 2) i out2 =i out2(max) . as explained in section 2, the efficiency improves up to 70% as i out2 increases for a given i out1 . figure 15: line regulation figure 16: load regulation 9.6 10 10.4 10.8 11.2 11.6 12 12.4 12.8 13.2 185 220 265 v in v out1 iout=10ma iout=50ma iout=100ma 10 10.5 11 11.5 12 12.5 13 13.5 14 0 20406080100120 i out v out1 185vac 220vac 265vac

 12/14 AN1374 - application note figure 17: efficiency vs. i out1 at i out2 =0 figure 18: efficiency vs. i out1 at i out2 =i out2(max) 0% 10% 20% 30% 40% 50% 60% 70% 80% 10 20 30 50 100 i out eff % 185vac 220vac 265vac 0% 10% 20% 30% 40% 50% 60% 70% 80% 10 20 30 50 100 i out eff % 185vac 220vac 265vac

 13/14 AN1374 - application note figure 19 shows the relationship between i out1 and i out2 with no regulation circuit on the second output, where i out2(max) is the maximum value of the negative output current considering a minimum output voltage as low as 4v, i.e. with 20% voltage decrease. if this value is not suitable for the considered application or the current required from the negative output could be higher than the current drawn from the positive one, the regulation circuit described in section 2 has to be used. figure 19: maximum i out2 for v out2(min) =4v 4. conclusion a simple and low cost solution for low power off-line power supplies has been introduced. the topology allows to obtain two complementary outputs by means of a single inductor, with high efficiency and good overall performance in terms of load and line regulation. in such a way there is no need of any linear post regulator improving efficiency and reducing the size and cost of the supply. the considered topology can be realized with other devices of the viper family. for further information about smps pwm controller ics please consult the vipower web pages at: http://www.st.com/vipower 0 10 20 30 40 50 60 70 80 90 10 20 30 50 100 i out1 i out2(max)

 14/14 AN1374 - application note information furnished is believed to be accurate and reliable. however, stmicroelectronics assumes no responsibility for the consequences of use of such information nor for any infringement of patents or other rights of third parties which may results from its use. no license is granted by implication or otherwise under any patent or patent rights of stmicroelectronics. specifications mentioned in this publication are subject to change without notice. this publication supersedes and replaces all information previously supplied. stmicroelectronics products are not authorized for use as critical components in life support devices or systems without express written approval of stmicroelectronics. the st logo is a registered trademark of stmicroelectronics ?   2001 stmicroelectronics - printed in italy- all rights reserved. stmicroelectronics group of companies australia - brazil - china - finland - france - germany - hong kong - india - italy - japan - malaysia - malta - morocco - singapore - spain - sweden - switzerland - united kingdom - u.s.a. http://www.st.com
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