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		  www.gs - power.com 1 52khz 3a step - down voltage regulator product description features ? 3.3v, 5v and adjustable output versions ? adjustable version output voltage range, 1.23v to 37v ?  4% max over line and load conditions ? guaranteed 3a output current ? 40v wide input voltage range ? requires only 4 external components ? 52 khz fixed frequency oscillator ? ttl shutdown capability, low power standby mode ? high efficiency ? uses readily available standard inductors ? thermal shutdown and current limit protection applications the GS2576 series of regulators are monolithic integrated circuits that provide all the active functio ns for a step - down switching regulator, capable of driving 3a load with excellent line and load regulation. this device is available in fixed output voltages of 3.3v, 5v and an adjustable output version. requiring a minimum number of external components, these regulators are simple to use and include internal frequency compensation and a fixed - frequency oscillator. the GS2576 series offers a high - efficiency replacement for popular three - terminal linear regulators. it substantially reduces the size of the heat sink, and in some cases no heat sink is required. a standard series of inductors optimized for use with the GS2576. this feature greatly simplifies the design of switch - mode power supplies. other features include a guaranteed 4% tolerance on output voltage within specified input voltages and output load conditions, and 10% on the oscillator frequency. external shutdown is included, featuring 50a (typical) standby current. the output switch includes cycle - by - cycle current limiting, as well as therma l shutdown for full protection under fault conditions. . ? simple high - efficiency step - down regulator ? on - card switching regulators ? positive to negative converter ? efficient pre - regulator for linear regulators block diagram 4 2 1.23v band-gap reference 52 khz oscillator reset thermal shutdown current limit 3 l o a d 1 5 internal regulator on / off on / off gnd output l1 d1 c out v out regulator output 3a switch c in r2 r1 1k driver comparator fixd gain error amplifier feedback +v in unregulated dc input    free datasheet http:///

 globaltech semiconductor www.gs - power.com 2 packages & pin assignments GS2576t f (to - 220) GS2576m f (to - 263) GS2576d f (to - 252) 1 2 3 gs 2576 t - xxf 4 5 1 2 3 gs 2576 m - xxf 4 5 gs 2576 d - xxf 1 3 ( tab ) 5 4 2 1 input 1 input 1 inp ut 2 outpot 2 outpot 2 outpot 3 gnd 3 gnd 3 gnd 4 feedback 4 feedback 4 feedback 5 on /of 5 on /of 5 on /of ordering information gs brand name part number voltage code pb free code gs p xx f 2576 package code (to - 220) (to - 263) (to - 252) output voltage GS2576t f GS2576m f GS2576d f adj GS2576t33f GS2576m33f GS2576d33f 3.3v gs257 6t50f GS2576m50f GS2576d50f 5.0v *for other voltages, please contact factory. marking information gs p / n package code lead free date code gs 2576 p f ywl gs code f gs p / n package code voltage code lead free date code gs 2576 p vv f ywlg gs code    free datasheet http:///

 globaltech semiconductor www.gs - power.com 3 absolute maximum ratings parameter symbol max units maximum supply voltage v in 40 v to - 220 62.5 to - 263 62.5 thermal resistance junction to ambient ( 1)  ja to - 252 104 ? c /w to - 220 2 to - 263 2 power dissipation p d to - 252 1.2 w on/off pin input voltage v sw - 0.3v Q v Q +v in v output voltage to ground (steady state) v out - 1 v storage temperature range t stg - 65 to +150 ? c operating junction temperature t a - 40  to 125  ? c lead temperature (soldering, 10 seconds) t lead 260 ? c minimum esd rating (c=100pf, r=1.5k  ) esd 2 kv note: stresses above those listed under ?absolute maximum ratings? may cause permanent damage to the device. these are stress ratings only and functional operation of the device at these or any other conditions above those indicated in the operation sections of the specifications is not implied. exposure to absolute maximum ratings conditions for exte nded periods may affect device reliability. electrical characteristics GS2576 - 3.3 parameter symbol conditions min typ max unit v in =12v, i load =0.5a, t j =25 ? c 3.234 3.3 3.366 v 6v Q v in Q 40v, 0.5a Q i load Q 3a t j =25 ? c 3.168 3.3 3.432 output voltage v out t j = - 40 ? c to 125 ? c 3.135 3.3 3.465 v efficiency  v in =12v, i load =3a 75 % GS2576 - 5.0 parameter symbol conditions min typ max unit v in =12v, i load =0.5a, t j =25 ? c 4.90 5.0 5.1 0 v 8v Q v in Q 40v, 0.5a Q i load Q 3a t j =25 ? c 4.80 5.0 5.2 output voltage v out t j = - 40 ? c to 125 ? c 4.75 5.0 5.25 v efficiency  v in =12v, i load =3a 77 % GS2576 - adj parameter symbol conditions min typ max unit v in =12v, i load =0.5a, v out =5v, t j =25 ? c 1.217 1.23 1.243 v 6v Q v in Q 40v, 0.5a Q i load Q 3a t j =25 ? c 1.193 1.23 1.267 output voltage v out t j = - 40 ? c to 125 ? c 1.180 1.23 1.280 v efficiency  v in =12v, i load =3a, v out =5v 77 % note 1 : external components such as the catch diode, inductor, input and output cap acitors can affect switching regulator system performance. when the GS2576 is used as shown in the figure 7 test circuit, system performance will be shown in system parameters section.    free datasheet http:///

 globaltech semiconductor www.gs - power.com 4 electrical characteristics (continued) (test circuit of figure 1 ) unless otherwise specified, v in =12v for the 3.3v, 5v, and adjustable version, i load =500ma. for typical values t j =25 ? c, for min/max values t j is the operating junction temperature range that applied [note 2], u nless otherwise noted.) parameter symbol cond itions min typ max unit device parameters v out =5v(adjustable version only) t j =25 ? c - 50 100 na feedback bias current i b t j = - 40 ? c to 125 ? c - - 500 na t j =25 ? c (note 3) - 52 - khz t j =0 ? c to 125 ? c 47 - 58 khz oscillator frequency f osc t j = - 40 ? c to 125 ? c 42 - 63 khz i out =3a (note 4) t j =25 ? c - 1.4 1.8 v saturation voltage v sat t j = - 40 ? c to 125 ? c - - 2.0 v max duty cycle (on) dc (note 5) 93 98 - % (notes 3, 4) t j =25 ? c 4.2 5.8 6.9 a current limit i cl t j = - 40 ? c to 125 ? c 3.5 - 7.5 a t j =25 ? c (notes 6, 7) output = 0v - 0.8 2.0 ma output leakage current i l output = - 1v - 7.5 30 ma quiescent current i q (note 6) t j =25 ? c - 5 10 ma standby quiescent current i stby on/off pin=5v(off), t j =25 ? c - 50 200 a on/off control v out = 0v, t j =25 ? c 2.2 1.4 - v on/off pin logic input level v ih v out = 0v, t j = - 40 ? c to 125 ? c 2.4 - - v v out =nominal output voltage t j =25 ? c - 1.2 1.0 v on/off pin logic input level v il t j = - 40 ? c to 125 ? c - - 0.8 v on/off pin input current i ih on/o ff pin=5v(off), t j =25 ? c 12 30 a on/off pin input current i il on/off pin=0v(on), t j =25 ? c 0 10 a note 2: test junction temperature range for the GS2576: t low = - 40 ? c t high =+125 ? c note 3: the oscillator frequency reduces to approximately 18khz in the e vent of an output sh ort or an overload which causes the regulated output voltage to drop approximately 40% from the nominal output voltage. the self - protection feature lowers the average dissipation of the ic by lowering the minimum duty cy cle from 5% down to approximately 2%. note 4: output (pin 2) sourcing current. no diode, inductor or capacitor connected to output pin. note 5: feedback (pin 4) removed from output and connected to 0v. note 6: feedback (pin 4) removed from output and connected to +12v for the adjustable, 3,3v and 5v versions, and +25v for the 12v version, to force the output transistor ?off?. note 7: v in =40v.    free datasheet http:///

 globaltech semiconductor www.gs - power.com 5 typical applications as in any switching regulator, the layout of the printed board (pcb) is very important. rapidly switching currents associated with wiring inductance, stray capacitance and parasitic inductance of the printed circuit board traces can generate voltage transients, which can generate electromagnetic interferences (emi) and aff ect the desired operation. as indicated in the figure 1 , to minimize inductance and ground loops, the length of the leads indicated by heavy lines should be kept as short as possible. for best results, single - point grounding (as indicated) or ground plane construction should be used. on the other hand, the pcb area connected to the pin 2 (emitter of the internal switch) of the GS2576 should be kept to a minimum in order to minimize coupling to sensitive circuitry. another sensitive part of the circuit is t he feedback. it is important to keep the sensitive feedback wiring short. to assure this, physically locate the programming resistors near to the regulator, when using the adjustable version of the GS2576 regulator. fixed output voltage versions (figure 1 a) 1 5 3 4 2 l o a d u n r e g u l a t e d  d c  i n p u t GS2576 - fixed output feedback output l1 d1 gnd on / off +v in mbr360 c in c out 100  h 1000  f 100  f v out adjustable output voltage version (figure 1 b) 1 5 3 4 2 l o a d u n r e g u l a t e d  d c  i n p u t GS2576 adjustable feedback output l1 d1 gnd on / off +v in mbr360 c in c out 100  h 1000  f 100  f v out r2 r1 7 . 0 v  -  4 0 v c in ? 100f, 75v aluminum electrolytic c out ? 1000f, 25v, aluminum electrolytic d1 ? schottky, mbr360 l 1 ? 100 h r1 - 2.0k, 0.1% r2 - 6.12k, 0.1% v out =v ref (1+r 2 /r 1 ), r 2 = r 1 (v out / v ref - 1), where v ref = 1. 23v, r1 between 1k and 5k    free datasheet http:///

 globaltech semiconductor www.gs - power.com 6 typical performance characteristics normalized output voltage line regulation -50 -25 0 25 50 75 100 125 1.0 0.8 0.6 0.4 0.2 0 -0.2 -0.4 -0.6 -0.8 -1.0 v in = 20v i load = 500ma normalized at t j = 25  c t j - junction temperature (  c) v o u t  -  o u t p u t  v o l t a g e  c h a n g e  ( % ) 0 5 10 15 20 25 30 35 1.4 1.2 1.0 0.8 0.6 0.4 0.2 0 -0.2 -0.4 -0.6 v in - input voltage (v) v o u t  -  o u t p u t  v o l t a g e  c h a n g e  ( % ) 40 i load = 500ma t j = 25  c 3.3v, 5v, and adj 12v and 15v dropout voltage current limit -50 -25 0 25 50 75 100 125 0 0.5 1.0 1.5 2.0 i load =3a i load =1a i load =200ma l 1 =150  h r ind = 0.1  t j - junction temperature (  c ) i n p u t  -  o u t p u t  d i f f e r e n t i a l  ( v ) -50 -25 0 25 50 75 100 125 6.5 6.0 5.5 5.0 4.5 4.0 v in = 25v t j - junction temperature(  c) i o u t  -  o u t p u t  c u r r e n t  ( a ) quiescent current switch saturation voltage 0 5 10 15 20 25 30 35 40 20 18 16 14 12 10 8 6 4 v out = 5v measured at ground pin t j = 25  c i load = 3a i load = 200ma v in - input voltage (v) i q  -  q u i e s c e n t  c u r r e n t  ( m a ) 0 0.5 1.0 1.5 2.0 2.5 3.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 switch current (a) v s a t  -  s a t u r a t i o n  v o l t a g e  ( v ) -40  c 25  c 125  c standby quiescent current (1) standby quiescent current (2) -50 -25 0 25 50 75 100 125 200 180 160 140 120 100 80 60 40 20 0 v in = 40v v on/off = 5v v in = 12v t j - junction temperature(  c) i s t b y  -  s t a n d b y  q u i e s c e n t c u r r e n t  (  a ) 0 5 10 15 20 25 30 35 40 20 40 60 80 100 120 140 160 180 200 v in - input voltage (v) i s t b y  -  s t a n d b y  q u i e s c e n t c u r r e n t  (  a ) t j = 25  c    free datasheet http:///

 globaltech semiconductor www.gs - power.com 7 typical performance characteris tics (continue) oscillator frequency minimum operating voltage -50 -25 0 25 50 75 100 125 8.0 6.0 4.0 2.0 0 -2.0 -4.0 -6.0 -8.0 -10.0 t j - junction temperature(  c) n o r m a l i z e d  f r e q u e n c y ( % ) normalized at 25  c v in = 40v v in = 12v adjustable version only v out  1.23v i load = 500ma -50 -25 0 25 50 75 100 125 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 t j - junction temperature(  c) v i n  -  i n p u t  v o l t a g e  ( v ) feedback pin current -50 -25 0 25 50 75 100 125 100 80 60 40 20 0 -20 -40 -60 -80 -100 t j - junction temperature(  c) i b  -  f e e d b a c k  c u r r e n t  ( n a ) adjustable version only design procedure procedure (fixed output voltage versions) example (fixed o utput voltage versions) given: v out = regulated output voltage (3.3v, 5v, 12v, or 15v) v in (max) = maximum input voltage i load (max) = maximum load current given: v out = 5v v in (max) = 15v i load (max) = 3a 1. inductor selection (l1) a. select the correct inductor value selection guide from figures 3, 4, 5or figure 6. (output voltages of 3.3v, 5v, 12v or 15v respectively). for other output voltages, see the design procedure for the adjustable version. b. from the inductor value selection guide, identify th e inductance region intersected by v in (max) and i load (max), and note the inductor code for that region. c. the inductor chosen must be rated for operation at the gs 2576 switching frequency (52 khz) and for a current rating of 1.15 x i load . for additional i nductor information, see the inductor section in the application hints section of this data sheet. 1. inductor selection (l1) a. use the selection guide shown in figure 4. b. from the selection guide, the inductance area intersected by the 15v line and 3a line is l100. c. inductor value required is 100 h.    free datasheet http:///

 globaltech semiconductor www.gs - power.com 8 design procedure (continue) 2. output capacitor selection (c out ) a. the value of the output capacitor together with the inductor defines the dominate pole - pair of the switching regulator loop. for s table operation and an acceptable output ripple voltage, (approximately 1% of the output voltage) a value between 100 f and 470 f is recommended. b. the capacitor?s voltage rating should be at least 1.5 times greater than the output voltage. for a 5v re gulator, a rating of at least 8v is appropriate, and a 10v or 15v rating is recommended. higher voltage electrolytic capacitors generally have lower esr numbers, and for this reason it may be necessary to select a capacitor rated for a higher voltage than would normally be needed. 2. output capacitor selection (c out ) a. c out = 680 f to 2000 f standard aluminum electrolytic. b. capacitor voltage rating = 20v. 3. catch diode selection (d1) a. the catch - diode current rating must be at least 1.2 times great er than the maximum load current. also, if the power supply design must withstand a continuous output short, the diode should have a current rating equal to the maximum current limit of the GS2576. the most stressful condition for this diode is an overload or shorted output condition. b. the reverse voltage rating of the diode should be at least 1.25 times the maximum input voltage. 3. catch diode selection (d1) a. for this example, a 3a current rating is adequate. b. use a 20v 1n5823 or sr302 schottky diod e . 4. input capacitor (c in ) an aluminum or tantalum electrolytic bypass capacitor located close to the regulator is needed for stable operation. 4. input capacitor (c in ) a 100 f, 25v aluminum electrolytic capacitor located near the input and ground pins provides sufficient bypassing. procedure (adjustable output version) example (adjustable output version) given: v out = regulated output voltage v in (max) = maximum input voltage i load (max) = maximum load current f = switching frequency (fixed at 52 khz ) given: v out = 10v v in (max) = 25v i load (max) = 3a f = 52 khz 1. programming output voltage (selecting r 1 and r 2 , as shown in figure 1 ) use the following formula to select the appropriate resistor values. v out = v ref (1+ 1 2 r r ) where v ref =1.23v r 1 can be between 1k and 5k. (for best temperature coefficient and stability with time, use 1% metal film resistors) r 2 = r 1 ( ref out v v - 1) 1. programming output voltage (selecting r 1 and r 2 ) v out = 1.23(1+ 1 2 r r ) select r 1 =1k r 2 = r 1 ( ref out v v - 1)=1k( 1 v 32 . 1 v 10 ? ) r 2 = 1k (8.13 ? 1) = 7.13k, closest 1% value is 7.15k 2. inductor selection (l1) a. calculate the inductor volt ? microsecond constant, e ? t (v ? s), from the following formula : e ? t=(v in - v out ) in out v v ? ) khz in ( f 1000 (v?s) b. use the e ? t value from the previous formula and m atch it with the e ? t number on the vertical axis of the inductor value selection guide 2. inductor selection (l1) a. calculat e e ? t (v ? s) e ? t=(25 - 10) ? 25 10 ? 52 1000 =115 (v?s) b. e ? t = 115 v ? s c. i load (max) = 3a d. inductance region = h150 e. inductor value = 150 h    free datasheet http:///

 globaltech semiconductor www.gs - power.com 9 design procedure (continue) c. on the horizontal axis, select the maximum load current. d. identify the inductance region intersected by the e ? t value and the maximum load current value, and note the inductor code for that region. e. the inductor chosen must be rated for operation at the GS2576 switching frequency (52 khz) and for a current rating of 1.15 x i load . for additional inductor information, see the inductor section in the application hints section of this data sheet. 3. output capacitor selection (c out ) a. the value of the output capacitor together with the inductor defines the dominate pole - pair of the switching regulator loop. for stable operation, the capacitor must satisfy the following requirement: c out ) h ( l v ) max ( v 300 , 13 out in ? ? ? ( f ) the above formula yields capacitor values between 10 f and 2200 f th at will satisfy the loop requirements for stable operation. but to achieve an acceptable output ripple voltage, (approximately 1% of the output voltage) and transient response, the output capacitor may need to be several times larger than the above formula yields. b. the capacitor?s voltage rating should be at last 1.5 times greater than the output voltage. for a 10v regulator, a rating of at least 15v or more is recommended. higher voltage electrolytic capacitors generally have lower esr numbers, and for t his reason it may be necessary to select a capacitor rate for a higher voltage than would normally be needed. 3. output capacitor selection (c out ) c out >13,300 150 10 25 ? =22.2( f ) however, for acceptable output ripple voltage select c out ? 680 f c out = 680 f electrolytic capacitor 4. catch diode selection (d1) a. the catch - diode current rating must be at least 1.2 times greater than the maximum load current. also, if the power supply design must withstand a continuous ou tput short, the diode should have a current rating equal to the maximum current limit of the GS2576. the most stressful condition for this diode is an overload or shorted output. b. the reverse voltage rating of the diode should be at least 1.25 times the maximum input voltage. 4. catch diode selection (d1) a. for this example, a 3.3a current rating is adequate. b. use a 30v 31dq03 schottky diode . 5. input capacitor (c in ) an aluminum or tantalum electrolytic bypass capacitor located close to the regulator is needed for stable operation. 5. input capacitor (c in ) a 100f aluminum electrolytic capacitor located near the input and ground pins provides sufficient bypassing.    free datasheet http:///

 globaltech semiconductor www.gs - power.com 10 application informatio n (continue) i nput c apacitor (c in ) to maintain stabil ity, the regulator input pin must be bypassed with at least a 100 f electrolytic capacitor. the capacitor?s leads must be kept short, and located near the regulator. if the operating temperature range includes temperatures below ? 25c, the input capacitor value may need to be larger. with most electrolytic capacitors, the capacitance value decreases and the esr increases with lower temperatures and age. paralleling a ceramic or solid tantalum capacitor will increase the regulator stability at cold temperat ures. for maximum capacitor operating lifetime, the capacitor?s rms ripple current rating should be greater than 1.2 ) t t ( on ? ? i load where t t on = in out v v for a buck regulator and t t on = in out out v v v ? for a buck - boost regulator. i nductor s election all switching regulators have two basic modes of operation: continuous and discontinuous. the difference between the two types relates to the inductor current, whether i t is flowing continuously, or if it drops to zero for a period of time in the normal switching cycle. each mode has distinctively different operating characteristics, which can affect the regulator performance and requirements. the gs 2576 can be used for b oth continuous and discontinuous modes of operation. the inductor value were designed for buck regulator designs of the continuous inductor current type. when using inductor values shown in the inductor selection guide, the peak - to - peak inductor ripple cur rent will be approximately 20% to 30% of the maximum dc current. with relatively heavy load currents, the circuit operates in the continuous mode (inductor current always flowing), but under light load conditions, the circuit will be forced to the disconti nuous mode (inductor current falls to zero for a period of time). this discontinuous mode of operation is perfectly acceptable. for light loads (less than approximately 300 ma) it may be desirable to operate the regulator in the discontinuous mode, primari ly because of the lower inductor values required for the discontinuous mode. the selection guide chooses inductor values suitable for continuous mode operation, but if the inductor value chosen is prohibitively high, the designer should investigate the pos sibility of discontinuous operation. inductors are available in different styles such as pot core, toriod, e - frame, bobbin core, etc., as well as different core materials, such as ferrites and powdered iron. the least expensive, the bobbin core type, con sists of wire wrapped on a ferrite rod core. this type of construction makes for an inexpensive inductor, but since the magnetic flux is not completely contained within the core, it generates more electromagnetic interference (emi). this emi can cause p rob lems in sensitive circuits, or can give incorrect scope readings because of induced voltages in the scope probe. the inductors listed in the selection chart include ferrite pot core construction for aie, powdered iron toroid for pulse engineering, and ferr ite bobbin core for renco. an inductor should not be operated beyond its maximum rated current because it may saturate. when an inductor begins to saturate, the inductance decreases rapidly and the inductor begins to look mainly resistive (the dc resistan ce of the winding). this will cause the switch current to rise very rapidly. different inductor types have different saturation characteristics, and this should be kept in mind when selecting an inductor. the inductor manufacturer?s data sheets include cur rent and energy limits to avoid inductor saturation.    free datasheet http:///

 globaltech semiconductor www.gs - power.com 11 application information (continue) i nductor r ipple c urrent when the switcher is operating in the continuous mode, the inductor current waveform ranges from a triangular to a sawtooth type of waveform (depending on the input voltage). for a given input voltage and output voltage, the peak - to - peak amplitude of this inductor current waveform remains constant. as the load current rises or falls, the entire sawtooth current waveform also rises or falls. th e average dc value of this waveform is equal to the dc load current (in the buck regulator configuration). if the load current drops to a low enough level, the bottom of the sawtooth current waveform will reach zero, and the switcher will change to a disco ntinuous mode of operation. this is a perfectly acceptable mode of operation. any buck s witching regulator (no matter how large the inductor value is) will be forced to run discontinuous if the load current is light enough. o utput c apacitor an output capac itor is required to filter the output voltage and is needed for loop stability. the capacitor should be located near the GS2576 using short pc board traces. standard aluminum electrolytics are usually adequate, but low esr types are recommended for low out put ripple voltage and good stability. the esr of a capacitor depends on many factors, some which are: the value, the voltage rating, physical size and the type of construction. in general, low value or low voltage (less than 12v) electrolytic capacitors u sually have higher esr numbers. the amount of output ripple voltage is primarily a function of the esr (equivalent series resistance) of the output capacitor and the amplitude of the inductor ripple current (  i ind ). see the section on inductor ripple curre nt in application hints. the lower capacitor values (220 f ? 1000 f) will allow typically 50 mv to 150 mv of output ripple voltage, while larger - value capacitors will reduce the ripple to approximately 20 mv to 50 mv. output ripple voltage = (  i ind ) (esr o f c out ) to further reduce the output ripple voltage, several standard electrolytic capacitors may be paralleled, or a higher - grade capacitor may be used. such capacitors are often called ?high - frequency,? ?low - inductance,? or ?low - esr.? these will reduce the output ripple to 10 mv or 20 mv. however, when operating in the continuous mode, reducing the esr below 0.03w can cause instability in the regulator. tantalum capacitors can have a very low esr, and should be carefully evaluated if it is the only outpu t capacitor. because of their good low temperature characteristics, a tantalum can be used in parallel with aluminum electrolytic, with the tantalum making up 10% or 20% of the total capacitance. the capacitor?s ripple current rating at 52 khz should be at least 50% higher than the peak - to - peak inductor ripple current. c atch d iode buck regulators require a diode to provide a return path for the inductor current when the switch is off. this diode should be located close to the GS2576 using short leads and sh ort printed circuit traces. because of their fast switching speed and low forward voltage drop, schottky diodes provide the best efficiency, especially in low output voltage switching regulators (less than 5v). fast - recovery, high - efficiency, or ultra - fast recovery diodes are also suitable, but some types with an abrupt turn - off characteristic may cause instability and emi problems. a fast - recovery diode with soft recovery characteristics is a better choice. standard 60 hz diodes (e.g., 1n4001 or 1n5400, et c.) are also not suitable . o utput v oltage r ipple and t ransients the output voltage of a switching power supply will contain a sawtooth ripple voltage at the switcher frequency, typically about 1% of the output voltage, and may also contain short voltage s pikes at the peaks of the sawt oo th waveform. the output ripple voltage is due mainly to the inductor sawt oo th ripple current multiplied by the esr of the output capacitor. (see the inductor selection in the application hints.) the voltage spikes are prese nt because of the fast switching action of the output switch, and the parasitic inductance of the output filter capacitor. to minimize these voltage spikes, special low inductance capacitors can be used, and their lead lengths must be kept short. wiring in ductance, stray capacitance, as well as the scope probe used to evaluate these transients, all contribute to the amplitude of these spikes. an additional small lc filter (20 h & 100 f) can be added to the output (as shown in figure 7 ) to further reduce the amount of output ripple and transients. a 10 x reduction in output ripple voltage and transients is possible with this filter.    free datasheet http:///

 globaltech semiconductor www.gs - power.com 12 application information (continue) f eedback c onnection the GS2576 (fixed voltage versions) feedback pin must be wired to the output voltage point of the switching power supply. when using the adjustable version, physically locate both output voltage programming resistors near the GS2576 to avoid picking up unwanted noise. avoid using resistors greater than 100 k  because of the increased chance of noise pickup. on /off i nput for normal operation, the on/off pin should be grounded or driven with a low - level ttl voltage (typically below 1.6v). to put the regulator into standby mode, drive this pin with a high - level ttl or cmos signal. the on /off pin can be safely pulled up to +v in without a resistor in series with it. the on/off pin should not be left open. g rounding to maintain output voltage stability, the power ground connections must be low - im pedance (see figure 1 ). for the 5 - lead to - 220 and to - 263 style package, both the tab and pin 3 are ground and either connection may be used, as they are both part of the same copper lead frame. h eat sink/ t hermal c onsiderations in many cases, only a small h eat sink is required to keep the GS2576 junction temperature within the allowed operating range. for each application, to determine whether or not a heat sink will be required, the following must be identified: 1. maximum ambient temperature (in the applicati on). 2. maximum regulator power dissipation (in application). 3. maximum allowed junction temperature (125c for the GS2576). for a safe, conservative design, an approximately 15c cooler than the maximum temperatures should be selected. 4. GS2576 package thermal resistances  ja and  jc . total power dissipated by the GS2576 can be estimated as follows: p d = (v in )(i q ) + (v o /v in )(i load )(v sat ) where i q (quiescent current) and v sat can be found in the characteristic curves shown previously, v in is the applied minimum input voltage, v o is the regulated output voltage, and i load is the load current. the dynamic losses during turn - on and turn - off are negligible if an schottky type catch diode is used. when no heat sink is used, the junction temperature rise can be determi ned by the following:  t j = (p d )   (  ja ) to arrive at the actual operating junction temperature, add the junction temperature rise to the maximum ambient temperature. t j =  t j + t a if the actual operating junction temperature is greater than the selected safe operating junction t emperature determined in step 3, then a heat sink is required. when using a heat sink, the junction temperature rise can be determined by the following:  t j = (p d )   (  jc +    interface +    heat sink ) the operating junction temperature will be: t j = t a +  t j as above, if the actual operating junction temperature is greater than the selected safe operating junction temperature, then a larger heat sink is required (one that has a lower thermal resistance).    free datasheet http:///

 globaltech semiconductor www.gs - power.com 13 additional applications i nverting r egulator fig ure 2 shows a GS2576 - 12 in a buck - boost configuration to generate a negative 12v output from a positive input voltage. this circuit bootstraps the regulator?s ground pin to the negative output voltage, then by grounding the feedback pin; the regulator sens es the inverted output voltage and regulates it to - 12v. for an input voltage of 12v or more, the maximum available output current in this configuration is approximately 700 ma. at lighter loads, the minimum input voltage required drops to approximately 4. 7v. the switch currents in this buc k - boost configuration are higher than in the standard buck - mode design, thus lowering the available output current. also, the start - up input current of the buck - boost converter is higher than the standard buck - mode regula tor, and this may overload an input power source with a current limit less than 5a. using a delayed turn - on or an undervoltage lockout circuit (described in the next section) would allow the input voltage to rise to a high enough level before the switcher would be allowed to turn on. because of the structural differences between the buck and the buck - boost regulator topologies, the buck regulator design procedure section can not be used to select the inductor or the output capacitor. the recommended range o f inductor values for the buck - boost design is between 68 hand 220 h, and the output capacitor values must be larger than what is normally required for buck designs. low input voltages or high output currents require a large value output capacitor (in th e thousands of micro farads). the peak inductor current, which is the same as the peak switch current, can be calculated from the following formula: i p osc o in o in in o in load f l v v v v v v v i 1 2 1 ) ( ? ? ? ? ? where f osc = 52 khz. under normal continuous inductor current operating conditi ons, the minimum v in represents the worst case. select an inductor that is rated for the peak current anticipated. 1 5 3 4 2 unregulated dc input GS2576 - 12 feedback output l1 d1 gnd on / off +v in 1n5822 c in c out 100  h 1000  f 100  f +12v to +45v -12v @ 0.7a regulated output figure 2 . inverting buck - boost develops - 12v also, the maximum voltage appearing across the regulator is the absolute sum of the input and output voltage. for a - 12v output, the maximum input voltage for the GS2576 is +28v. negative boost regulator another variation on the buck - boost topology is the negative boost configuration. the circuit in figure 3 accepts an input voltage ranging from - 5v to - 12v and provides a regulated - 12v output. input voltages greater than - 12v will cause the output to rise above - 12v, but will not damage the regulator.    free datasheet http:///

 globaltech semiconductor www.gs - power.com 14 figure 14. delayed st artup 1 5 3 4 2 GS2576 - 12 feedback output gnd on / off v in 1n5820 c in c out 100  h 2200  f 100  f low esr v out =-12v -v in -5 to -12v typical load current 400ma for v in =-5.2v 750ma for v in =-7v note:heat sink may be required figure 3 . negative boost because of the boosting function of this type of regulator, the switch current is relatively high, especially at low input voltages. output load current limitations are a result of the maximum current rating of the switch. also, boost regulators can not provide current limiting load protection in the event of a shorted load, so some other means (such as a fuse) may be necessary. undervoltage lockout in some applications it is desirable to keep the regulator off until the input voltage reaches a certain threshold. an undervoltage lockout circuit that accomplishes this task is shown in figure 4 , while figure 5 shows the same circuit applied to a buck - boost configuration. these circuits keep the regulator off until the input voltage reaches a predetermined level. v th  v z1 + 2v be (q1) GS2576-xx +vin +vin + 1 r1 20k 20k z1 r2 10k q1 cin 5 on/off 3 gnd note:complete circuit not shown GS2576-xx +vin +vin + 1 r1 20k 20k z1 r2 10k q1 cin 5 on/off 3 gnd note:complete circuit not shown(see figure 10) -vout figure 4 . undervoltage lockout for buck circuit figure 5 . undervoltage lockout for buck - boost circuit d elayed s tartup the on /off pin can be used to provide a delayed startup feature as shown in figure 6 . with an input voltage of 20v and for the part values shown, the circuit provides approximately 10 ms of delay time before the circuit begins switching. increasing the rc time constant can provide longer delay times. but excessively large rc time constants can cause problems with input voltages that are high in 60 hz or 120 hz ripple, by coupling the ripple into the on /off pin.    free datasheet http:///

 globaltech semiconductor www.gs - power.com 15 1 5 3 GS2576 - xx gnd on / off +v in cd c in +v in rd 0.1uf 100uf 47k note: complete circuit not shown figure 6 . delayed startup a djustable o utput , l ow - r ipple p ower s upply a 3a power supply that features an adjustable output voltage is shown in figure 7 . an additional l - c filter that reduces the output ripple by a factor of 10 or more is included in this circuit. GS2576 adjustable feedback output l1 d1 gnd on / off +v in 1n5822 c in c out 150  h 2000  f 100  f r2 50k r1 1.21k c1 100  f l2 20  h 1 3 5 2 4 55v unregulated dc input output voltage +1.2 to 50v @ 3a optional output ripple filter figure 7 . 1.2v to 55v adjustable 3a power supply with low output ripple    free datasheet http:///

 globaltech semiconductor www.gs - power.com 16 definition of terms b uck r egulator a switching regulator to pology in which a higher voltage is converted to a lower voltage. also known as a step - down switching regulator. b uck - b oost r egulator a switching regulator topology in which a positive voltage is converted to a negative voltage without a transformer. d uty c ycle (d) ratio of the output switch?s on - time to the oscillator period. for buck regulator d= t t on = in out v v for buck - boost regulator d= t t on = in o o v v v ? c atch d iode or c urrent s teering d iod e the diode, which provides a return path for the load current when the gs 2576 switch is off. e fficiency   ( ? ) the proportion of input power actually delivered to the load. ? = in out p p = loss out out p p p ? c apacitor e quivalent s eries r esistance (esr) the purely resistive component of a real capacitor?s impedance (see figure 8 ). it causes power loss resulting in capacitor heating, which directly affects the capacitor?s operating lifetime. when used as a switching regulator output filter, higher esr values result in higher output ripple voltages. esr esl c figure 8 . simple model of a real capacitor mos t standard aluminum electrolytic capacitors in the 100 f ? 1000 f range have 0.5  to 0.1  esr. higher - grade capacitors (?low - esr?, ?high - frequency?, or ?low - inductance?) in the 100 f ? 1000 f range generally have esr of less than 0.15  . e quivalent s eries i nductance (esl) the pure inductance component of a capacitor (see figure 8 ). the amount of inductance is determined to a large extent on the capacitor?s construction. in a buck regulator, this unwanted inductance causes voltage spikes to appear on the output. o utput r ipple v oltage the ac component of the switching regulator?s output voltage. it is usually dominated by the output capacitor?s esr multiplied by the inductor?s ripple current (di ind ). the peak - to - peak value of this sawtooth ripple current can be determined by reading the inductor ripple curren t section of the application hints. c apacitor r ipple c urrent rms value of the maximum allowable alternating current at which a capacitor can be operated continuously at a specified temperature. s tandby q uiescent c urrent (i stby ) supply current required by t he gs 2576 when in the standby mode (on /off pin is driven to ttl - high voltage, thus turning the output switch off).    free datasheet http:///

 globaltech semiconductor www.gs - power.com 17 definition of terms (continue) i nductor r ipple c urrent   (  i ind ) the peak - to - peak value of the inductor current waveform, typically a sawtooth waveform when the regulator is operating in the continuous mode (vs. discontinuous mode). c ontinuous /d iscontinuous m ode o peration relates to the inductor current. in the continuous mode, the inductor current is always flowing and never drops to zero, vs. the discontinuous mode, where the inductor current drops to zero for a period of time in the normal switching cycle. i nductor s aturation the condition, which exists when an inductor cannot hold any more magnetic flux. when an inductor saturates, the inductor appears less inductive and the resistive component dominates. inductor current is then limited only by the dc resistance of the wire and the available source current. o perating v olt m icrosecond c onstant (e ? t op ) the product (in voit ? s) of the voltage applied to the inductor and the time the voltage is applied. this e ? t op constant is a measure of the energy handling capability of an inductor and is dependent upon the typ e of core, the core area, the number of turns, and the duty cycle.    free datasheet http:///

 globaltech semiconductor www.gs - power.com 18 package dimension to - 220 - 5l plastic package dimensions millimeters inches symbol min max min max a 4.47 4.67 .176 .184 a1 2.52 2.82 .099 .111 b 0.7 1 0.91 .028 .036 c 0.31 0.53 .012 .021 c1 1.17 1.37 .046 .054 d 9.85 10.15 .388 .400 e 8.20 8.60 .323 .339 e1 11.76 12.16 .463 .479 e 1.70 (typ) 0.067(typ) e1 6.70 6.90 .264 .272 f 2.59 2.89 .102 .114 l 13.50 13.90 .531 .547  3.79 3.89 .149 .153    free datasheet http:///

 globaltech semiconductor www.gs - power.com 19 to - 263 - 5l plastic package d b e e 1 a c 1 c a 1 dimensions in millimeters dimensions in inches symbol min max min max a 4.470 4.670 0.176 0.184 a1 0.000 0.150 0.000 0.006 b 1.560 1.760 0.061 0.069 b 0.710 0.910 0.028 0.036 c 0.310 0.5 30 0.012 0.021 c1 1.170 1.370 0.046 0.054 d 9.880 10.180 0.389 0.401 e 8.200 8.600 0.323 0.339 e 1.700typ 0.067typ e1 6.700 6.900 0.264 0.272 l 15.140 15.540 0.596 0.612 l1 5.080 5.480 0.200 0.216 l2 2.340 2.740 0.092 0.108 v 5.600 ref 0.220 ref    free datasheet http:///

 globaltech semiconductor www.gs - power.com 20 to - 252 - 5l plastic package dimensions in millimeters dimensions in inches symbol min max min max a 2.210 2.387 .087 .094 a1 0.010 0.127 .0004 .005 b 0.584 0.660 .023 .026 b1 0.559 0.635 .022 .025 b2 0.635 0.787 .025 . 031 b3 5.232 5.436 .206 .214 c 0.509 0.559 .020 .022 c1 0.457 0.533 .018 .021 c2 0.483 0.584 .019 .023 d 6.000 6.200 .236 .244 d1 5.415 5.515 .213 .217 e 6.400 6.604 .252 .260 e1 4.902 5.004 .193 .197 e 1.27 bsc .050 bsc h 9.601 10.210 .378 .402 l 1.391 1.651 .055 .065 l1 2.743 ref .108 ref l2 0.508 ref .020 ref l3 1.100 ref .043 ref  0 8 0 8  1 7 ref 7 ref    free datasheet http:///

 globaltech semiconductor www.gs - power.com 21 notice information furnished is believed to be accurate and reliable. however globaltech s emiconductor 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 result from its use. no license is granted by implication or otherwise under any patent o r patent rights of globaltech semiconductor. specifications mentioned in this publication are subject to change without notice. this publication supersedes and replaces all information without express written approval of globaltech semiconductor. (revise date:2007/11/13 version_1.0)    free datasheet http:///
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