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		  Datasheet File OCR Text:


		  si9177 vishay siliconix new product document  number:  70312 s-03663?rev.  b, 07-apr-03 www.vishay.com 1 200-ma psm step down converter with bypass capability features  2.7-v to 6-v input voltage range  1.2-v to 5-v output  efficiency of 95% for v out  of 3.3 v @ 200-ma load  selectable pulse skipping modulation (psm) or bypass mode (bp) operation  150-m   bypass switch for 800-ma loads  integrated mosfet with low external part count  shutdown current  si9177 vishay siliconix new product www.vishay.com 2 document number:  70312 s-03663?rev.  b, 07-apr-03 absolute maximum ratings (t a  = 25  c) v in  6.5 v . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  bp/psm , enable, f b,  l x - 0.3 v to v in  + 0.3 v . . . . . . . . . . . . . . . . . . . . . . . .  storage temperature - 55 to 150  c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  operating junction temperature 150  c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  power dissipation (package) a. mlp33-10 b. 481 mw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  msop-10 c 915 mw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  thermal impedance (  ja ) mlp33-10 135  c/w . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  msop-10 71  c/w . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  notes a. device mounted with all leads soldered or welded to pc board. b. derate 7.4 mw/   c above 25  c. c. derate 14 mw/   c above 25  c. stresses beyond those listed under ?absolute maximum ratings? may cause permanent damage to the device.  these are stress ratin gs only, and functional operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not  implied.  exposure to absolute maximum rating conditions for  extended periods may affect device reliability. recommended operating range v in 2.7 v to 6 v . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c in 10   f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c out 10   f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  inductor 1.5   h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c ref open . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  operating temperature range - 25 to 85    c . . . . . . . . . . . . . . . . . . . . . . . . .  specifications test conditions unless specified 40  c to 85  c v in  = v dd  c in  = 10   f limits parameter symbol -40  c to 85  c, v in  = v dd, , c in  = 10   f c out  = 4.7   f, l = 2.2   h, 2.6 v    v in     5.5 v r 1  = 11.3 k  , r 2  = 20 k  min a typ b max a unit converter operation input voltage v in 2.7 6 v maximum bypass mode current i out 800 ma maximum psm mode current i out 200 ma mosfet on-resistance r ds(on) v in     3.3 v 150 300 m  power supply rejection psrr 60 db feedback voltage v fb i ref  = 0 1.175 1.215 1.255 v feedback voltage v fb i ref  = 0, ta = 25  c 1.195 1.215 1.235 v start-up start-up delay time t delay c ref  = 0.1   f, see figure 1 5 ms soft start time t ss see figure 1 100  s enable, bp/psm logic  high v ih 1.5 v logic low v il 0.4 v input current i ih enable, bp/psm  = v in 1  a input current i il enable, bp/psm  = gnd 1  a protection under voltage lockout v uvlo 2.2 2.35 2.5 v under voltage lockout hysteresis v huvlo 0.1 v thermal shutdown t sd temperature rising 165  c thermal shutdown hysteresis t hsd v in  = 3.3 v 25  c supply  current bp mode v in  = 3 3 v 75 110 psm mode i in v in  = 3.3 v 190 250  a shutdown i in v in  = 3.3 v, enable = 0 v 1  a notes a. the algebraic convention whereby the most negative value is a minimum and the most positive a maximum, is used in this data s heet. b. typical values are for design aid only, not guaranteed or subject to production testing. c. guaranteed by design and characterization, not subject to production testing.

 v in l x enable gnd msop-10 v in l x 1 2 3 10 9 8 nc ref top view 56 bp/psm f b 47 2 3 4 10 9 8 7 top view 56 mlp33 v in enable v in nc bp/psm l x gnd l x ref f b si9177 vishay siliconix new product document  number:  70312 s-03663?rev.  b, 07-apr-03 www.vishay.com 3 pin configuration ordering information part number temperature range package si9177bm ti SI9177BM-TI 25  c to 85  c tape and reel si9177bh-ti -25  c to 85  c tape and reel eval kit temperature range board type si9177db -25  c to 85  c surface mount pin description pin no. name function 1, 2 v in input voltage source for buck converter, mosfet driver, and ic control circuits . 3 enable logic high enables the converter. logic low shuts down the ic and decreases current consumed to  si9177 vishay siliconix new product www.vishay.com 4 document number:  70312 s-03663?rev.  b, 07-apr-03 functional block diagram turn off control + - + - + - f b nc enable bp/psm ref reference generator v in uvlo por psm/bp controller driver bp psm v adj turn-on  control zero current detect peak current comparater 0.6 a v in gnd l x l x application circuit v in on/off enable bp/psm nc si9177 l x gnd f b ref 1 2 3 4 5 10 9 8 7 6 v out v in bp/psm mlp33-10 v in l x c in 10   f c out 10   f r 1 r 2 c ref 1.5   h

 si9177 vishay siliconix new product document  number:  70312 s-03663?rev.  b, 07-apr-03 www.vishay.com 5 detail operational description start-up when  voltage is first applied to the v in   pin, the uvlo circuitry prevents the internal p-channel mosfet from turning on. once the v in   voltage exceeds the uvlo threshold of 2.4 v, and with no other shutdown condition detected, an internal power-on-reset  timer is activated to delay the start of switching if the bp/psm  pin is held a logic low level. the amount of delay is  set by the capacitor c ref  on the ref pin and the peak current in  the inductor is limited to  600 ma.  if the bp/psm   pin has a logic high applied, then bypass mode soft-start is achieved by gradually turning on the p-channel mosfet in 40   s insuring that the output voltage rises smoothly. pulse skipping mode si9177 is designed to operate with light loads.  when the bp/psm   pin is connected to logic low level, the si9177 operates  in pulse-skipping  mode. psm enhances  efficiency in light load  conditions when compared to  fixed frequency pwm mode because switch conduction losses, gate charge and switching  losses are reduced. by delivering energy to the load only when needed, the  p-channel mosfet gate capacitance is charged and discharged less frequently and mosfet conduction  loss is minimized thereby reducing total losses and increasing converter efficiency. in psm, the switching frequency, f sw , increases as and decreases as the load current increases and decreases. the typical conversion efficiency in  psm mode is 90%. by operating as a constant on-time converter, the si9177 achieves psm  operation.  the p-channel mosfet switching transistor is  turned on to deliver energy to the load.  the switch remains on for the minimum on-time or until the inductor current  reaches 600 ma.  if the applied on-time is sufficient to increase the output voltage above the in-regulation set point (f b  pin voltage is greater than v fb ), the p-channel mosfet turns off for a minimum off-time and continues to apply constant on-time pulses to insure  regulation is maintained.  if the on-time of the p-channel switch causes the output voltage to rise above the set point, the converter turns off and remains off until the voltage on f b  decreases below v fb . the on-time and minimum off-time are set internally to minimize ripple voltage at the maximum load current. the si9177 has internal compensation reducing the number of required components and is  designed for an inductor value of 1.5   h and an output capacitor value of 10   f. bypass mode si9177 can also operate in bypass mode to handle heavy load  currents or to provide the maximum output voltage to the load.  this mode is enabled by setting the bp/psm pin to a logic high. in this mode the ic ignores the feedback signal at the f b  pin, forcing the internal p-channel mosfet to turn on continuously. the input-to-output voltage differential is reduced to the  voltage drop across the 150-m ?  mosfet and the inductor. si9177 can bypass 800 ma at 95% typical efficiency or  provide nearly the entire input voltage to the load. whenever the converter enters bypass mode, the p-channel mosfet turns on gradually within 40   s to reduce surge current to the input capacitor. shutdown si9177 is designed to conserve as much battery life as possible by decreasing current consumption during normal operation, as  well as the shutdown mode. with logic low level on the enable pin, the current consumption of the ic is decreases to  less than 1   a by shutting off all circuits. a logic high enables the controller, allowing start up as described in the ?start-up? section above. reference and power-on-reset timer the reference voltage of si9177 is set to 1.215 v. it is internally connected to the non-inverting input of the error amplifier.   the power on reset delay time is set by the capacitance on the ref pin and can be determined from the following relationship: t pordelay   =   4     10 4       c ref output voltage the si9177 is designed with an adjustable output voltage, v out , which is set by resistors r 1  and r 2 , and the feedback voltage, v fb .  v out  is defined according to the following relationship: v out   1  r 1 r 2   v fb where v fb   is 1.215 v. the values of r 1  and r 2  should be kept between 5 k ?  and 100 k ? . power switches the p-channel mosfet switch is integrated in si9177 for optimum performance and minimum overall converter size. this  mosfet is designed to minimize the gate charge loss as well as the conduction loss. the typical on-resistance is 150 m ?  with a minimum input voltage of 3.3 v.

 si9177 vishay siliconix new product www.vishay.com 6 document number:  70312 s-03663?rev.  b, 07-apr-03 detail operational description (cont?d) an external schottky diode is required for psm mode operation. the schottky diode handles the freewheeling inductor current after  the p-channel mosfet is turned off. the current rating of the schottky is based on the maximum load current in psm mode with the conduction time being the greatest at maximum input voltage.  combined with the maximum  load current of 200  ma, the schottky must be able to conduct 200 ma continuously. since the forward voltage drop of  the diode, v f , determines the conduction losses, select the diode with the lowest v f   to maximize the converter?s efficiency.   the diode should also be selected for fast switching speed to improve efficiency.  the diode must be connected from the l x   pin to gnd. over temperature protection si9177 includes an over temperature protection circuit to prevent  thermal runaway in the mosfet switch. if the junction temperature  reaches 165  c, an internal soft-start capacitor is discharged, shutting down the output stage. the converter remains disabled until the junction temperature falls below 140  c, allowing the converter to resume operation. typical characteristics (25  c unless noted) 100 120 140 160 180 200 220 240 234567 supply  current vs. input  voltage 0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 current (ma) 60 80 100 120 140 160 180 234567 voltage (v) psm mode bp mode voltage (v) r ds(on)  vs. input  voltage switching frequency vs. load current 85   c 25   c - 25   c 70.00 75.00 80.00 85.00 90.00 95.00 100.00 0 50 100 150 200 250 current (ma) v in  = 3.6 v efficiency vs. load current v out  = 3.3 v v out  = 3.0 v v out  = 2.2 v v in  = 4.0 v v in  = 6.0 v current (  a) efficiency (%) r ds  (m  ) frequency (khz)

 si9177 vishay siliconix new product document  number:  70312 s-03663?rev.  b, 07-apr-03 www.vishay.com 7 typical waveforms v out 50 mv/div ac coupled v lx 2 v/div i lx 200 ma/div typical switching  waveforms v in  = 4 v, v out  = 2.0 v, i out  = 6 ma load t ransient v in  = 4 v, v out  = 2.0 v start-up  v in  = 4 v, v out  = 2.0 v, i out  = 100 ma v enable  = v in start-up from disable  v in  = 4 v, v out  = 2.0 v, i out  = 100 ma typical switching  waveforms v in  = 4 v, v out  = 2.0 v, i out  = 100 ma v out 50 mv/div ac coupled v lx 2 v/div i lx 200 ma/div typical switching  waveforms v in  = 4 v, v out  = 2.0 v, i out  = 200 ma v out 50 mv/div ac coupled v lx 2 v/div i lx 200 ma/div v out 100 mv/div ac coupled i out 100 ma/div v in 2 v/div v out 1 v/div v enable 2 v/div v out 1 v/div 5   s/div. 2   s/div. 0.5   s/div. 100   s/div. 50   s/div. 50   s/div.

 si9177 vishay siliconix new product www.vishay.com 8 document number:  70312 s-03663?rev.  b, 07-apr-03 typical waveforms start-up  in bypass mode v in  = 4 v, i out  = 100 ma v enable , bp = v in v in 2 v/div v out 2 v/div 50   s/div.
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