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		  Datasheet File OCR Text:


		    r1510s series  automatic mode shift 36 v 300 ma ldo  no.ea-185-140724      1  outline  the r1510s is a voltage regulator (ldo) ic with a volt age detector (vd) featuring 30 0ma output current that  is developed with cmos process technology. each ic is  equipped with a voltage detector and a regulator that  can provide the maximum 36v of operating voltage. this  device has eco function,  which achieves low-power  consumption and high-speed transient response by switchi ng the ic to low-power consumption mode at light load  condition and switching to high-speed mode at heavy load condition.    the switching point is internally fixed inside the ic. t he ic switches from low-power consumption mode to high- speed mode when i out =12ma (typ.), and switch from high-speed  mode to low-power consumption mode when  i out =3ma (typ.).  each ic is composed of a reference voltage unit, an error am plifier, a resistor network for setting output voltage,  an output current limit circuit for pr eventing overcurrent destruction, and a  thermal shutdown circuit. the output  voltage and the detector threshold are internally fixed inside the ic.  the output voltage accuracy is 1.6% and the detector th reshold accuracy is 1.7%. the output voltage type  is nch open drain. the versions for the  ic are selectable from a version (ce, v in  detector), b version (sense  detector), c version (release delay circuit, v in  detector), and d version (release delay circuit, v out  detector).    features     input voltage range (maximum  rating)  max. 36.0v (50v)     operating temperature ra nge  -40c to 105c     supply current   typ. 110a (high speed mode, v in =14v)     supply current   typ. 12.5a (low-power consumption mode, v in =14v)     supply current (s tandby mode)   typ. 10a (ce=0v, a version)     output volt age range   2.5v to 12.0v (0.1v step)     dropout voltage   typ. 1.0v (i out =300ma, v out =5v)     output voltage accuracy     1.6% (ta=25c)     temperature characteristics   typ.   150ppm/c (output voltage)     detector threshold   2.3v to 12.0v (0.1v steps)     detector threshold accuracy   1.7% (ta=25c)     temperature characteristics   typ. 100ppm/c (detector threshold)     output type   nch open drain     line regulation   typ. 0.01%/v     package    hsop-8e     built-in short curren t limit ci rcuit   typ. 50ma     built-in overcurrent protection circuit     built-in thermal s hutdown circuit   shutdown temperature: typ. 140c,       release temperature: typ. 125c     ceramic capacitor corresponding   6.8f or more 

 r1510s  no.ea-185-140724      2  applications     power source for notebook pcs, digital tvs,  telephones, private lan systems, etc.     power source for office equipments such as copier s, printers, facsimiles, scanners, and projectors      block diagrams     r1510sxxxa  (ce pin, v in  detector)   r1510sxxxb  (sense detector)     v dd   1 3  5  gnd v out  ce  vref  2 current limit  d out 4 vref  internal  supply voltage  thermal  shutdown      v dd 1 3 5 gnd v out sense vref 2 current limit  d out 4 vref internal  supply voltage  thermal  shutdown    r1510sxxxc  (c d  pin, v in  detector)   r1510sxxxd  (c d  pin, v out  detector)     v dd   1 3  5  gnd v out  c d   vref  2 current limit  d out 4 vref  internal  supply voltage  thermal  shutdown      v dd 1 3 5 gnd v out  c d  vref 2 current limit  v det  4 vref internal  supply voltage  thermal  shutdown    

 r1510s no.ea-185-140724      3  selection guide  the users can select vr output voltage, vd detector th reshold, and version that best fit their requirements.    product name  package  quantity per reel  pb free  halogen free  r1510sxxx ? -e2-fe  hsop-8e 1,000 pcs  yes  yes    xxx: select the ideal combinat ion of the output voltage (v out ) and the detector threshold (-v det )   from the code number starting from 001.  refer to  mark specification table  for detailed information.  ?:  select the ideal version from a to d.  (a)  built-in chip enable, v in  detector  (b)  sense detector threshold  (c)  built-in release delay circuit, v in  detector  (d)  built-in release delay circuit, v out  detector        pin descriptions  ?  hsop-8e    top view bottom view 5 8 6 4 2 1 3 8 6 57 1 3 42 7 ?       pin no.  symbol  description  1 v out   vr output pin  2 nc no connection  3 tp* 3  te s t  p i n   4 d out   vd output pin (nch open drain)    5  ce  a version: chip enable pin (?h? active)  sense* 1   b version: vd sense pin  c d * 2   c, d versions: release output delay (power-on reset) time setting pin    6 tp* 3  te s t  p i n   7 gnd ground pin  8 v dd  input pin    ? ) the tab on the reverse side of the ic is in gnd  level and it should be connected to gnd pin (recommended)  or should be left open.    ? 1) b version monitors sense pin voltage.    ? 2) the release output delay time of voltage detector can be set by connecting a capacitor to cd pin.    ? 3) tp pin should be connected to gnd.   

 r1510s  no.ea-185-140724      4  absolute maximum ratings    symbol item  rating unit  v in  input voltage  ? 0.3 to 50  v  v ce   input voltage (ce pin, a version)  ? 0.3 to 7.0  v  v sense   input voltage (sense pin, b version)  ? 0.3 to 50  v  v cd  input voltage (c d  pin, c or d version)  ? 0.3 to 7.0  v  v out   output voltage (vr)  ? 0.3 to v in + 0.3    50  v  v reset   output voltage (vd)    ? 0.3 to 7.0  v  i out 1  output current (vr)    450  ma  i out 2  output current (vd)  20  ma  p d   power dissipation (hsop-8e) ?   ultra high wattage land pattern  2900 mw  t a   operating temperature range  -40 to 105  c  tstg storage temperature range  ? 55 to 125  c    ? ) refer to  package information  for detailed information.      absolute maximum ratings  electronic and mechanical stress momentarily exceede d absolute maximum ratings  may cause the permanent  damages and may degrade the lifetime and safety for both device  and system using the device in the field. the functional  operation at or over these absolute  maximum ratings is not assured.     

 r1510s no.ea-185-140724      5  electrical characteristics  r1510sxxxa series  v in =14.0v, ce=5.0v, c out =6.8f, rpull-up=100k ? , vpull-up=5.0v, unless otherwise noted.  the specifications surrounded by          are guaranteed by design engineering at -40c    ta     105c.    for all                                                                                                            (ta=25c)    symbol item  conditions min. typ. max. unit  v in  input voltage    3.5   36  v  i ss 1  supply current    (low-power consumption mode)  i out =0a  12.5 27                     a  t tsd  thermal shutdown temperature junction temperature   140   c  t tsr   thermal shutdown released  temperature  junction temperature   125   c    vr                                                                                                          (ta=25c)    symbol item  conditions  min. typ. max. unit  v out  output voltage  i out =1ma  setting voltage: 2.5v to 12.0v  ta = 2 5  c    0.984     1.016 v  -40c    ta     105c  0.964     1.045 i out 1 output current  v in =v out +3.2v (v out  < 5.0v)  v in =v out +2.0v (v out     5.0v)  300    ma   v out /   i out   load regulation  v in =v out +3.2v (v out  < 5.0v)  v in =v out +2.0v (v out     5.0v)      mv   0.1ma    i out     7ma  (low-power  consumption mode)  v out     5.0v   7  13  v out  > 5.0v   10  20  0.1ma    i out     20ma  v out     5.0v   10  45  v out  > 5.0v   20  75  0.1ma    i out     300ma v out     5.0v   40  100  v out  > 5.0v   60  170  v dif  dropout voltage  i out =7ma  (low-power  consumption mode)  v out  < 5.0v   0.5  1.8  v  v out     5.0v   0.3  0.95 i out =300ma  v out  < 5.0v   1.5  3.2  v out     5.0v   1.0  2.0  i outh   high speed mode  switching current  i out =light load to heavy load  8.5  12  16.3 ma  i outl   low-power  consumption mode  switching current  i out =heavy load to light load   1   3   5  ma   v out /   v in   line regulation  3.5v    v in     36v (2.5v    v out     3.5v) v out +0.5v    v in     36v (v out  > 3.5v)  i out =1ma   0.01  0.05 %/v   v out /   ta   output voltage  temperature coefficient  -40c    ta     105c     150    ppm  /c 

 r1510s  no.ea-185-140724      6  v in =14.0v, ce=5.0v, c out =6.8f, rpull-up=100k ? , vpull-up=5.0v, unless otherwise noted.  the specifications surrounded by          are guaranteed by design engineering at -40c    ta    105c.    vr (continued)                                                                                             (ta=25c)   symbol item  conditions  min. typ. max. unit  i sc   short current limit  v out =0v  50  ma  v ceh   ce input voltage ?h?    1.5    5.5  v  v cel   ce input voltage ?l?        0.7  v      vd                                                                                                          (ta=25c)    symbol item  conditions  min. typ. max. unit  -v det  detector threshold  v in  detector  setting voltage  range:  2.3 v to 12.0v ta = 2 5  c       1.017 v  -40c    ta     105c   0.97    1.03 v hys   detector threshold  hysteresis    -v det  0.025 -v det    0.05  -v det  0.075 v  v ddl   minimum operating  voltage* 1       1.8  v  i out 2  output current  (nch driver)  v in     1.8v, d out =0.1v 0.59    ma  v in     3.0v, d out =0.1v  1.16    v in     4.0v, d out =0.1v  1.39    i leak   nch driver leakage  current  d out =7v   0.33   a  v reset  pull-up voltage        5.5  v   -v det /  ta   detector threshold  temperature  coefficient  -40c    ta     105c     100    ppm  /c  t plh   release output  delay time* 2     20     s  all test items listed under electrical characte ristics are done under the pulse load condition (tj  ta=25c) except  output voltage temperature coefficient and de tector threshold temperature coefficient.  ? 1) minimum operating voltage is defined as the power  supply voltage of which output voltage becomes lower  than 0.1v at the detection.   ? 2) release output delay time is defined as the time to be taken for v in  to change from 2v to (-v det ) +1v, and  for d out  output to become ?h?.    recommended operating conditions   (electrical characteristics)  all of electronic equipment should  be designed that the mounted semiconductor devices operate within the  recommended operating conditions. the semiconductor dev ices cannot operate normally over the recommended  operating conditions, even if when they are used over such cond itions by momentary electroni c noise or surge. and the  semiconductor devices may receive serious damage when th ey continue to operate over  the recommended operating  conditions.     

 r1510s no.ea-185-140724      7  r1510sxxxb series  v in =sense=14.0v, c out =6.8  f, rpull-up=100k  , vpull-up=5.0v, unless otherwise noted.  the specifications surrounded by          are guaranteed by design engineering at -40c    ta     105c.    for all                                                                                                     ( ta=25c)    symbol item  conditions min. typ. max. unit  v in  input voltage    3.5    36  v  i ss 1  supply current    (low-power consumption mode)  i out =0a  12.5 22   a  i ss 2  supply current (high speed mode) i out =20ma  110  174   a  t tsd  thermal shutdown temperature junction temperature   140   c  t tsr   thermal shutdown released  temperature  junction temperature   125   c    vr                                                                                                         ( ta=25c)    symbol item  conditions  min. typ. max. unit  v out  output voltage  i out =1ma  setting voltage: 2.5v to 12.0v  ta = 2 5  c       1.016 v  -40c    ta     105c  0.964     1.045 i out 1 output current  v in =v out +3.2v (v out  < 5.0v)  v in =v out +2.0v (v out     5.0v)  300    ma   v out /   i out   load regulation  v in =v out +3.2v (v out  < 5.0v)  v in =v out +2.0v (v out     5.0v)      mv   0.1ma    i out     7ma  (low-power  consumption mode)  v out     5.0v   7  13  v out  > 5.0v   10  20  0.1ma    i out     20ma  v out     5.0v   10  45  v out  > 5.0v   20  75  0.1ma    i out     300ma  v out     5.0v   40  100  v out  > 5.0v   60  170  v dif  dropout voltage  i out =7ma  (low-power  consumption mode)  v out  < 5.0v   0.5  1.8  v  v out     5.0v   0.3  0.95 i out =300ma  v out  < 5.0v   1.5  3.2  v out     5.0v   1.0  2.0  i outh   high speed mode  switching current  i out  = light load to heavy load  8.5  12 16.3 ma  i outl   low-power consumption  mode switching current  i out  = heavy load to light load   1   3   5  ma   v out /   v in   line regulation  3.5v    v in     36v (2.5v    v out     3.5v) v out +0.5v    v in     36v (v out  > 3.5v)  i out =1ma   0.01  0.05 %/v   v out /   ta   output voltage  temperature coefficient  -40c    ta     105c     150    ppm  /c  i sc   short current limit  v out =0v  50  ma     

 r1510s  no.ea-185-140724      8  v in =sense=14.0v, c out =6.8  f, rpull-up=100k  , vpull-up=5.0v, unless otherwise noted.  the specifications surrounded by          are guaranteed by design engineering at -40c    ta     105c.    vd                                                                                         (ta = 25  c)    symbol item  conditions  min. typ.  max.  unit  -v det  detector threshold  v in  detector  setting voltage: 2.3 v to 12.0v ta = 2 5  c       1.017  v  -40c    ta     105c  0.97    1.03  v hys   detector threshold  hysteresis    -v det  0.025 -v det    0.05  -v det    0.075  v  r sense  sense resistance  -v det  < 6.0v  1.5    64  m    -v det     6.0v  3.6    57  v ddl   minimum operating  voltage      3.0  v  i out 2  output current  (nch driver)  v in     3.0v, d out =0.1v  1.16     ma  v in     4.0v, d out =0.1v 1.39     i leak   nch driver leakage  current  d out =7v    0.33   a  v reset  pull-up voltage        5.5  v   -v det /   ta   detector threshold  temperature  coefficient  -40c    ta     105c     100    ppm  /c  t plh   release output delay  time * 1     20     s  v sense   sense pin input  voltage       36  v    all test items listed under electrical characte ristics are done under the pulse load condition (tj  ta=25c) except  output voltage temperature coefficient and de tector threshold temperature coefficient.  ? 1) release output delay time is defined as the time to be taken for sense to change from 2v to (-v det ) +1v,  and for d out  output to become ?h?.    recommended operating conditions   (electrical characteristics)  all of electronic equipment should  be designed that the mounted semiconductor devices operate within the  recommended operating conditions. the semiconductor dev ices cannot operate normally over the recommended  operating conditions, even if when they are used over such cond itions by momentary electroni c noise or surge. and the  semiconductor devices may receive serious damage when th ey continue to operate over  the recommended operating  conditions.         

 r1510s no.ea-185-140724      9  r1510sxxxc series  v in =14.0v, c out =6.8  f,  c d =0.01  f, rpull-up=100k ,  vpull-up=5.0v, unless otherwise noted.  the specifications surrounded by          are guaranteed by design engineering at -40c    ta     105c.    for all                                                                                                   ( ta=25  c)    symbol item  conditions min. typ. max. unit  v in  input voltage    3.5    36  v  i ss 1  supply current    (low-power consumption mode)  i out =0a  12.5  27   a  i ss 2  supply current (high speed mode) i out =20ma  110  174   a  t tsd  thermal shutdown temperature junction temperature   140   c  t tsr   thermal shutdown released  temperature  junction temperature   125   c    vr                                                                                                       ( ta=25  c)    symbol item  conditions  min. typ. max. unit  v out  output voltage  i out =1ma  setting voltage: 2.5v to 12.0v  ta = 2 5  c       1.016 v  -40c    ta     105c  0.964     1.045 i out 1 output current  v in =v out +3.2v (v out  < 5.0v)  v in =v out +2.0v (v out     5.0v)  300    ma   v out /   i out   load regulation  v in =v out +3.2v (v out  < 5.0v)  v in =v out +2.0v (v out     5.0v)      mv   0.1ma    i out     7ma  (low-power  consumption mode)  v out     5.0v   7  13  v out  > 5.0v   10  20  0.1ma    i out     20ma  v out     5.0v   10  45  v out  > 5.0v   20  75  0.1ma    i out     300ma v out     5.0v   40  100  v out  > 5.0v   60  170  v dif  dropout voltage  i out =7ma  (low-power  consumption mode)  v out  < 5.0v   0.5  1.8  v  v out     5.0v   0.3  0.95 i out =300ma  v out  < 5.0v   1.5  3.2  v out     5.0v   1.0  2.0  i outh   high speed mode  switching current  i out =light load to heavy load  8.5  12  16.3 ma  i outl   low-power consumption  mode switching current  i out =heavy load to light load    1    3  5  ma   v out /   v in   line regulation  3.5v    v in     36v (2.5v    v out     3.5v) v out +0.5v    v in     36v (v out  > 3.5v)  i out =1ma   0.01 0.05 %/v   v out /   ta   output voltage  temperature coefficient  -40c    ta     105c     150    ppm  /c  i sc   short current limit  v out =0v  50  ma     

 r1510s  no.ea-185-140724      10  v in =14.0v, c out =6.8  f,  c d =0.01  f, rpull-up=100k ,  vpull-up=5.0v, unless otherwise noted.  the specifications surrounded by          are guaranteed by design engineering at - 40c    ta     105c.    vd                                                                                          (ta = 25  c)    symbol item  conditions  min. typ. max. unit  -v det  detector threshold  v in  detector  setting voltage: 2.3 v to 12.0v ta = 2 5  c       1.017 v  -40c    ta     105c  0.97    1.03 v hys   detector threshold  hysteresis    -v det  0.025 -v det    0.05  -v det  0.075 v  v ddl   minimum operating  voltage * 1      1.8  v  i out 2  output current    (nch driver)  v in     1.8v, d out =0.1v  0.59    ma  v in     3.0v, d out =0.1v  1.16    v in     4.0v, d out =0.1v  1.39    i leak   nch driver leakage  current  d out =7v    0.33   a  v reset  pull-up voltage        5.5  v   -v det /  ta   detector threshold  temperature  coefficient  -40c    ta     105c     100    ppm  /c  tdelay  release output  delay time* 2     35  70  150  ms    all test items listed under electrical characte ristics are done under the pulse load condition (tj  ta=25c) except  output voltage temperature coefficient and de tector threshold temperature coefficient.  ? 1) minimum operating voltage is defined as the power  supply voltage of which output voltage becomes lower  than 0.1v at the detection.    ? 2) release output delay time is defined as the time to be taken for v in  to change from 2v to (-v det ) +1v, and  also for d out  output to become ?h?.    recommended operating conditions   (electrical characteristics)  all of electronic equipment should  be designed that the mounted semiconductor devices operate within the  recommended operating conditions. the semiconductor dev ices cannot operate normally over the recommended  operating conditions, even if when they are used over such cond itions by momentary electroni c noise or surge. and the  semiconductor devices may receive serious damage when th ey continue to operate over  the recommended operating  conditions.     

 r1510s no.ea-185-140724      11  r1510sxxxd series  v in =14.0v, c out =6.8  f,  c d =0.01  f, rpull-up=100k  , vpull-up=5.0v, unless otherwise noted.  the specifications surrounded by          are guaranteed by design engineering at - 40c    ta     105c.    for all                                                                                                     ( ta = 25  c)    symbol item  conditions min. typ. max. unit  v in  input voltage    3.5    36  v  i ss 1  supply current    (low-power consumption mode)  i out =0a  12.5 26   a  i ss 2  supply current (high speed mode) i out =20ma  110  174   a  t tsd  thermal shutdown temperature junction temperature   140   c  t tsr   thermal shutdown released  temperature  junction temperature   125   c    vr                                                                                                         ( ta = 25  c)    symbol item  conditions  min. typ. max. unit  v out  output voltage  i out =1ma  setting voltage: 2.5v to 12.0v  ta = 2 5  c       1.016 v  -40c    ta     105c  0.964     1.045 i out 1 output current  v in =v out +3.2v (v out  < 5.0v)  v in =v out +2.0v (v out     5.0v    300    ma   v out /   i out   load regulation  v in =v out +3.2v (v out  < 5.0v)  v in =v out +2.0v (v out     5.0v        mv   0.1ma    i out     7ma  (low-power  consumption mode)  v out     5.0v   7  13  v out  > 5.0v   10  20  0.1ma    i out     20ma  v out     5.0v   10  45  v out  > 5.0v   20  75  0.1ma    i out     300ma v out     5.0v   40  100  v out  > 5.0v   60  170  v dif  dropout voltage  i out =7ma  (low-power  consumption mode)  v out  < 5.0v   0.5  1.8  v  v out     5.0v   0.3  0.95 i out =300ma  v out  < 5.0v   1.5  3.2  v out     5.0v   1.0  2.0  i outh   high speed mode  switching current  i out =light load to heavy load  8.5  12 16.3 ma  i outl   low-power consumption  mode switching current  i out =heavy load to light load   1   3   5  ma   v out /   v in   line regulation  3.5v    v in     36v (2.5v    v out     3.5v) v out +0.5v    v in     36v (v out  > 3.5v) i out =1ma   0.01  0.05 %/v   v out /   ta   output voltage  temperature coefficient  -40c    ta     105c     150    ppm  /c  i sc   short current limit  v out =0v  50  ma     

 r1510s  no.ea-185-140724      12  v in =14.0v, c out =6.8  f,  c d =0.01  f, rpull-up=100k  , vpull-up=5.0v, unless otherwise noted.  the specifications surrounded by          are guaranteed by design engineering at - 40c    ta     105c.    vd                                                                                          ( ta = 25  c)   symbol item  conditions  min. typ. max. unit -v det  detector threshold  v in  detector  setting voltage: 2.3 v to 10.6v  ta = 2 5  c       1.017 v  -40c    ta     105c  0.97     1.03 v hys  detector threshold hysteresis   -v det    0.025  -v det    0.05  -v det  0.075 v  v ddl   minimum operating voltage* 1        1.8  v  i out 2  output current  (nch driver)  v in     1.8v, d out =0.1v 0.59     ma  v in     3.0v, d out =0.1v  1.16     v in     4.0v, d out =0.1v  1.39     i leak   nch driver leakage current  d out =7v    0.33  a  v reset  pull-up voltage        5.5  v   -v det /   ta   detector threshold  temperature coefficient  -40c    ta     105c     100    ppm /c  tdelay  release output delay time * 2    35  70 150  ms    all test items listed under electrical characte ristics are done under the pulse load condition (tj  ta=25c) except  output voltage temperature coefficient and de tector threshold temperature coefficient.  ? 1) minimum operating voltage is defined as the   power supply voltage of which output voltage becomes lower  than 0.1v at the detection.   ? 2) release output delay time is defined as the time to be taken for v out  to change from 2v to (-v det ) +1v, and  also for d out  output to become ?h?.    recommended operating conditions   (electrical characteristics)  all of electronic equipment should  be designed that the mounted semiconductor devices operate within the  recommended operating conditions. the semiconductor dev ices cannot operate normally over the recommended  operating conditions, even if when they are used over such cond itions by momentary electroni c noise or surge. and the  semiconductor devices may receive serious damage when th ey continue to operate over  the recommended operating  conditions.   

 r1510s no.ea-185-140724      13  product-specific electrical characteristics    the specifications surrounded by          are guaranteed by design engineering at  ? 40c    ta     105c.    vr                                                                                       (ta = 25  c)   product name  v out  [v]  v dif  [v]  (ta = 25c)  (ta =  ? 40 to 105c) (i out  = 7 ma:    low-power  consumption mode)  (i out  = 300 ma)  min. typ. max. min. max.  typ.  max.  typ.  max.  r1510s001x 3.248   3.300 3.352  3.182  3.448  0.5   1.8  1.5 3.2  r1510s002x 2.460 2.500 2.540  2.410  2.612  0.5  1.8  1.5  3.2  r1510s003x 11.808 12.000 12.192 11.568 12.540 0.3  0.95  1.0  2.0  r1510s004x 5.511 5.600 5.689 5.399  5.852  0.3 0.95  1.0 2.0  r1510s005x 3.248 3.300 3.352  3.182  3.448  0.5  1.8  1.5  3.2  r1510s006x 3.248 3.300 3.352  3.182  3.448  0.5  1.8  1.5  3.2  r1510s007x 4.920 5.000 5.080 4.820  5.225  0.3 0.95  1.0 2.0  r1510s008x 3.248 3.300 3.352  3.182  3.448  0.5  1.8  1.5  3.2  r1510s009x 11.808 12.000 12.192 11.568 12.540 0.3  0.95  1.0  2.0  r1510s010x 3.543 3.600 3.657 3.471  3.762  0.5 1.8  1.5 3.2  r1510s011x 4.920 5.000 5.080  4.820  5.225  0.3  0.95  1.0  2.0  r1510s012x 4.920 5.000 5.080  4.820  5.225  0.3  0.95  1.0  2.0  r1510s013x 4.920 5.000 5.080 4.820  5.225  0.3 0.95  1.0 2.0    vr (continued)                                                                             (ta = 25  c)   product name  ? v out  /  ? i out  [mv]  (0.1 ma    i out     7 ma:  low-power   consumption mode)  (0.1 ma    i out     20 ma)  (0.1 ma    i out     300 ma)  min. max. typ. max. typ. max.  r1510s001x 7   13  10 45  40 100  r1510s002x 7  13  10  45  40  100  r1510s003x 10  20  20  75  60  170  r1510s004x 10  20  20 75  60 170  r1510s005x 7  13  10  45  40  100  r1510s006x 7  13  10  45  40  100  r1510s007x 7  13  10 45  40 100  r1510s008x 7  13  10  45  40  100  r1510s009x 10  20  20  75  60  170  r1510s010x 7  13  10 45  40 100  r1510s011x 7  13  10  45  40  100  r1510s012x 7  13  10  45  40  100  r1510s013x 7  13  10 45  40 100      

 r1510s  no.ea-185-140724      14  the specifications surrounded by          are guaranteed by design engineering at  ? 40c    ta     105c.      vd                                                                                         (ta = 25c)     product name  -v det  [v]  -v det  [v]  v hys  [v]  (ta = 25c)  (ta =  ? 40 to 105c)   min. typ. max. min. max. min. typ. max.  r1510s001x 2.655   2.700 2.745 2.619  2.781  0.068  0.135 0.203  r1510s002x 4.031 4.100 4.169  3.977  4.223  0.103  0.205  0.308  r1510s003x 4.915 5.000 5.085  4.850  5.150  0.125  0.250  0.375  r1510s004x  2.949 3.000 3.051 2.910  3.090  0.075  0.150 0.225  r1510s005x 3.736 3.800 3.864  3.686  3.914  0.095  0.190  0.285  r1510s006x 3.539 3.600 3.661  3.492  3.708  0.090  0.180  0.270  r1510s007x  4.424 4.500 4.576 4.365  4.635  0.113  0.225 0.338  r1510s008x 2.753 2.800 2.847  2.716  2.884  0.070  0.140  0.210  r1510s009x 4.129 4.200 4.271  4.074  4.326  0.105  0.210  0.315  r1510s010x  4.227 4.300 4.373 4.171  4.429  0.108  0.215 0.323  r1510s011x 2.261 2.300 2.339  2.231  2.369  0.058  0.115  0.173  r1510s012x 4.129 4.200 4.271  4.074  4.326  0.105  0.210  0.315  r1510s013x 9.830 10.000 10.170 9.700  10.300 0.250  0.500 0.750     

 r1510s no.ea-185-140724      15  typical applications  r1510sxxxa   r1510sxxxb     v out   nc  tp  d out   v dd   gnd  tp  ce  c in   c out   r pull-up   r1510sxxx a   series  v out   v in   v ce   v pull-up     v out   nc  tp  d out   v dd   gnd  tp  sense  c in   c out   r pull-up r1510sxxxb  series  v out   v in   v sense v pull-up r1510sxxxc/d       v out   nc  tp  d out   v dd   gnd  tp  c d   c in   c out   r pull-up   r1510sxxxc/d  series  v out   v in   v pull-up   c d              technical notes   phase compensation  this ic is using the capacitance of output capacitor (c out ) and the esr as phase compensation for the stable  operation of the ic even if the output  load varies. therefore, please make sure to use a capacitor (c out ) with  6.8f or more.    if the esr value is large, the output may result in uns table, therefore, please make full evaluation on the  temperature characteristics and the  frequency characteristics.      pcb layout and gnd wiring  the high impedances of v dd  and gnd could be a reason for the noise pi ckup and unstable operation. therefore,  make the impedances of v dd  and gnd as low as possible. a capacitor (c in ) with 0.1f or more has to be  connected between v dd  pin and gnd pin, and the wirings between t hem have to be short as possible. the  capacitor (c out ) for phase compensation has to be connected between v out  pin and gnd pin, and the wirings  between them have to be short as possible.          c in =0.1           

 r1510s  no.ea-185-140724      16  operation manual   voltage regulator (vr)  voltage regulator (vr) operates within the input voltage  range of 3.5v to 36v. the output voltage is adjustable  within the range of 2.5v to 12v by 0. 1v step. by changing the current value of  the control circuit according to the  load current, the supply current at the light load conditi on can be minimized and also be able to achieve high  speed response. when the load current becomes 12ma (typ.) or more, the control circuit switches to high-speed  mode and when the load current becomes 3ma or lower, it  switches to low-power consumption mode. hysteresis  is set for the output current between 3ma to 12ma (typ.).        these current values are internally fixed inside the ic . when the mode switching is caused by the load current  change, the output voltage will be changed as the grap h below shows. the load current dependencies (load  regulation) of output voltage in electrical characterist ics have been tested at the  following points: 0.1ma, 7ma  (low-power consumption mode), 20ma, and 300ma.        during the period of 100sec immediately after high-speed  mode is switched to low-power consumption mode,  the current value (i outh ), which switches low-power consumption m ode back to high-speed mode, is increased  3 times. therefore, during this time period, the ic ca n still operate with low-power  consumption mode even if the  load current is between 12ma to 36ma (typ.).    r1510sxxxa can turn on and off the operation of vr by ce pin.            voltage detector (vd)  voltage detector (vd) operates within the input vo ltage range of 1.8v to 36v  (r1510sxxxa/c/d) and 3.0v to  36v (r1510sxxxb). the detector threshold is adjustable in  the range of 2.3v to 12v by  0.1v step. if the monitor  voltage is lower than the detector threshold, d out  outputs ?l?. in the case of r 1510sxxa/b, if the monitor voltage  becomes more than the released voltage, d out  outputs ?h?. in the case of r1 510sxxxc/d, if the monitor voltage  becomes more than the released voltage, the capac itor of the release output delay time pin (c d ) starts to get  charged. d out  output maintains ?l? until c d  reaches to the threshold value. once c d  value becomes more than  the threshold value, d out  outputs ?h?. in the case of r1510sxxxc/d,  if the monitor voltage becomes lower than  the detector threshold, the capacitor of c d  starts to get discharged. therefore, if the monitor voltage becomes  more than the released voltage without electrical dischar ge, the release output delay  time afterwards becomes  less than the existing release output delay time (t delay ).        4.97 4.98 4.99 5.00 5.01 5.02 5.03 0 1020304050 output current i out  (ma) output voltage v out  (v) from low-power consumption  mode to hi g h-speed mode from high-speed mode to    l o w- po w e r  co n su m pt i o n m ode

 r1510s no.ea-185-140724      17  monitor voltage (v dd  or v out ) delay pin voltage (c d )  output voltage (d out )  release output delay time (t delay ) detect output delay time (t reset )  gnd gnd low level  high level  gnd  detector threshold (-v det ) release voltage (+v det )    r1510sxxxc/d    if v in  voltage is raised suddenly from the less than the mi nimum operating voltage to the less than the release  voltage, v in  voltage momentarily passes through the unstable ra nge (from 0v to the minimum operating voltage),  therefore, d out  may output ?h? (unstable) once then output ?l? afterwards. similarly, if v in  voltage is raised from  the less than the minimum operating voltage  to the more than the release voltage, v in  momentarily passes through  the unstable range (from 0v to the minimum operating voltage), therefore, d out  may output ?h? once.       

 r1510s  no.ea-185-140724      18  release output delay time  the release output delay time (power-on reset time (t delay )) of r1510sxxxc/d can be se t by the capacitor of  c d  pin. the relationship between the capacitor capacitance and t delay  is as shown in the following equation.  t delay (s)=7.0  10 5  c d (f)  the upper limit of the capacitance value for the c d  pin capacitor is 1f. the capacitor operates normally with  more than 1f; however, if the setting time (t delay ) is set longer, the setting time differences could become bigger.   also, if the detect output delay time bec omes longer; the response of the vd  output pin will be slow to make a  momentary stop.  if the v dd  pin voltage is decreased with more than the through ra te as it is shown in the graph below, the ic  does not operate normally. if there?s any possibility of  this, please minimize the voltage fluctuation of v dd  pin by  using c in .       0.01   0.1   1   10   100   0   1   2   3 4   5   6   7   8   9 10 11 12 vpp (v)   inp ut  vol tag e  fal ling  ti me  tf  (  s )   the detector cannot  maintain the  detection.  input voltage falling time tf (  s)  v dd vpp tf  v dd in p ut waveform    thermal shutdown  if the junction temperature (tj) becomes more than  140c(typ.) due to the heat generation in the voltage  regulator, the output driver will be turned off to protect  the ic and the voltage regulator output will be turned off. if  the junction temperature becomes less than 125c(typ.) , the output driver will be turned on and the voltage  regulator output will be turned on. unless the cause of t he heat generation is not removed, the voltage regulator  repeats turns on and off, so the output voltage will be a pulsing form.      r1510sxxxd voltage setting  the voltage detector (vd) of r1510sxxxd detects the output  voltage drop of the voltage regulator (vr). if the  vd release voltage is set to more than the vr output vo ltage, the vd will not be canceled even if the vr output  voltage returns to the normal value after vd detected the  output voltage drop of vr. to avoid this, there have to  be voltage differences between the voltage regulator?s output voltage (v out ) and the voltage detector?s release  voltage (+v det ). also, the following conditions have to be met.  (vr output setting voltage) x 0.964 > (vd detect setting voltage) x1.03 x 1.075  in case of using the products with the vr output volt age and the vd detector threshold that is not met the above  conditions, please make sure to give greater co nsideration on the system  operation before use.       

 r1510s no.ea-185-140724      19  package information    power dissipation (hsop-8e)    power dissipation (p d ) depends on conditions of mounting on board.  this specification is based on the measurement at the condition below:    measurement conditions    ultra high wattage land pattern  environment  mounting on board (wind velocity=0m/s)  board material  glass cloth epoxy plastic (4 layers)  board dimensions  76.2mm x 114.3mm x 0.8mm  copper ratio  top side, back side : 50mm square : approx.95%  2nd, 3rd layer: 50mm square : approx.100%  through ? holes    0.4mm x 21pcs    measurement results                          (ta=25c, tjmax=125c)    ultra high wattage land pattern  power dissipation  2.9w  thermal resistance  ja = (125-25c)/2.9w= 35c/w   jc=10c/w                                                  40  50  76.2  114.3  50  measurement board pattern  ic mount area (unit : mm)   power dissipation p d  (w)  4.0      3.0      2.0      1.0      0  0       25       50    75       100   125   150 ambient temperature (c)   power dissipation  105   ultra high wattage land pattern  2.9 

 r1510s  no.ea-185-140724      20  package dimensions ( hsop-8e )    mark specification ( hsop-8e )       ???? : product code ?  refer to  mark specification table   ? : lot number   ? alphanumeric serial number       the tab on the bottom of the package enhances thermal  performance and is electrically  connected to gnd (substrate  level). it is recommended that the tab be connected to the  ground plane on the board, or  otherwise be left floating.      (unit : mm) 0.10   s   1.500.1   s   0.400.2 0  10    + 0.1  0.15 - 0.05  detail  a   0.400.1   1.27 2.900.05 (0.30) 2.700.05   0.12   m (0.30)   8  5   1          4  4.400.2  6.200.3   5.200.3 0.695typ   detail  a  0.080.05   0.050.05     ijk cdefgh 8  5 1          4

 r1510s no.ea-185-140724      21  mark specification table ( hsop-8e )    r1510sxxxa r1510sxxxb  product name  cdefgh   v set     product name cdefgh   v set   vr vd    vr vd  r1510s001a  rs003a  3.3v 2.7v    r1510s001b  rs003b  3.3v 2.7v  r1510s002a  rs003e  2.5v 4.1v    r1510s002b rs003f  2.5v 4.1v  r1510s003a  rs003j  12.0v 5.0v    r1510s003b  rs003k   12.0v 5.0v  r1510s004a  rs003n   5.6v 3.0v    r1510s004b  rs003p   5.6v 3.0v  r1510s005a  rs003s   3.3v 3.8v    r1510s005b  rs003t   3.3v 3.8v  r1510s006a  rs003w   3.3v 3.6v    r1510s006b  rs003x   3.3v 3.6v  r1510s007a  rs004a   5.0v 4.5v    r1510s007b  rs004b   5.0v 4.5v  r1510s008a  rs004e   3.3v 2.8v    r1510s008b  rs004f   3.3v 2.8v  r1510s009a  rs004j   12.0v 4.2v    r1510s009b  rs004k   12.0v 4.2v  r1510s010a  rs004n   3.6v 4.3v    r1510s010b  rs004p   3.6v 4.3v  r1510s011a  rs004s   5.0v 2.3v    r1510s011b  rs004t   5.0v 2.3v  r1510s012a  rs004w   5.0v 4.2v    r1510s012b  rs004x   5.0v 4.2v  r1510s013a  rs006a  5.0v 10.0v            r1510sxxxc r1510sxxxd  product name  cdefgh   v set     product name cdefgh   v set   vr vd    vr vd  r1510s001c  rs003c  3.3v 2.7v    r1510s001d rs003d  3.3v 2.7v  r1510s002c  rs003g  2.5v 4.1v    r1510s003d  rs003m   12.0v 5.0v  r1510s003c  rs003l  12.0v 5.0v    r1510s004d  rs003r  5.6v 3.0v  r1510s004c  rs003q   5.6v 3.0v    r1510s008d  rs004h  3.3v 2.8v  r1510s005c  rs003u   3.3v 3.8v    r1510s009d  rs004m   12.0v 4.2v  r1510s006c  rs003y   3.3v 3.6v    r1510s011d  rs004v   5.0v 2.3v  r1510s007c  rs004c   5.0v 4.5v    r1510s012d  rs004z   5.0v 4.2v  r1510s008c  rs004g   3.3v 2.8v    * ) the followings do not exit:    r1510s002d, 005d, 006d, 007d, 010d  r1510s009c  rs004l   12.0v 4.2v           r1510s010c  rs004q   3.6v 4.3v     r1510s011c  rs004u   5.0v 2.3v           r1510s012c  rs004y   5.0v 4.2v                   

 r1510s  no.ea-185-140724      22  typical characteristics  note: typical characteristics are intended to be us ed as reference data; they are not guaranteed.  1) output voltage vs. output current (ta=25c)               r1510s (vr=2.5v)           r1510s (vr=5.0v)                 r1510s (vr=12.0v)       2) output voltage vs. input voltage (ta=25c)            r1510s (vr=2.5v)         r1510s (vr=5.0v)       0.0 0.5 1.0 1.5 2.0 2.5 3.0 0 100 200 300 400 500 600 700 output current i out  (ma) output voltage v out  (v) vin=4.0v vin=4.5v vin=5.0v vin=5.5v vin=6.0v 0.0 1.0 2.0 3.0 4.0 5.0 6.0 0 100 200 300 400 500 600 700 output current i out  (ma) output voltage v out  (v) vin=6.0v vin=6.5v vin=7.0v vin=7.5v vin=8.0v 0 2 4 6 8 10 12 14 0 100 200 300 400 500 600 700 output current i out  (ma) output voltage v out  (v) vin=12.4v vin=12.6v vin=12.8v vin=13.0v vin=13.2v 0.0 0.5 1.0 1.5 2.0 2.5 3.0 0123456 input voltage v in  (v) output voltage v out  (v) iout=1ma iout=20ma iout=100ma 0 1 2 3 4 5 6 01234567 input voltage v in  (v) output voltage v out  (v) iout=1ma iout=20ma iout=100ma

 r1510s no.ea-185-140724      23         r1510s (vr=12.0v)         3) dropout voltage vs. output current              r1510s (vr=2.5v)         r1510s (vr=5.0v)          r1510s (vr=12.0v)         0 2 4 6 8 10 12 14 02468101214 input voltage v in  (v) output voltage v out  (v) iout=1ma iout=20ma iout=100ma 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0 50 100 150 200 250 300 output current i out  (ma) dropout voltage v dif  (v) -40c 25c 110c 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0 50 100 150 200 250 300 output current i out  (ma) dropout voltage v dif  (v) -40c 25c 110c 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0 50 100 150 200 250 300 output current i out  (ma) dropout voltage v dif  (v) -40c 25c 110c 105c 105c 105c

 r1510s  no.ea-185-140724      24  4) output voltage vs. output current (ta=25c)             r1510s (vr=2.5v)          r1510s (vr=5.0v)                   r1510s (vr=12.0v)         5) output voltage vs. operating temperature          r1510s (vr=2.5v)          r1510s (vr=5.0v)         2.47 2.48 2.49 2.50 2.51 2.52 2.53 0 1020304050 output current i out  (ma) output voltage v out  (v) 4.97 4.98 4.99 5.00 5.01 5.02 5.03 0 1020304050 output current i out  (ma) output voltage v out  (v) 11.94 11.96 11.98 12.00 12.02 12.04 12.06 0 1020304050 output current i out  (ma) output voltage v out  (v) 2.40 2.42 2.44 2.46 2.48 2.50 2.52 2.54 2.56 2.58 2.60 -50 -25 0 25 50 75 100 125 temperature topt (c) output voltage v out  (v) iout=1ma iout=20ma(hs) 4.80 4.85 4.90 4.95 5.00 5.05 5.10 5.15 5.20 -50 -25 0 25 50 75 100 125 temperature topt (c) output voltage v out  (v) iout=1ma iout=20ma ( hs)

 r1510s no.ea-185-140724      25            r1510s (vr=12.0v)         6) supply current vs. input voltage                r1510s (vr=2.5v, vd=2.3v)         r1510s (vr=5.0v, vd=4.5v)                  r1510s (vr=12.0v, vd=11.0v)         11.5 11.6 11.7 11.8 11.9 12.0 12.1 12.2 12.3 12.4 12.5 -50 -25 0 25 50 75 100 125 temperature topt (c) output voltage v out  (v) iout=1ma iout=20ma(hs) 0 20 40 60 80 100 120 140 160 0 4 8 12162024283236 input voltage v in  (v) supply current i ss  (  a) iout=0ma ( eco) iout=20ma(hs) 0 20 40 60 80 100 120 140 160 0 4 8 12162024283236 input voltage v in  (v) supply current i ss  (  a) iout=0ma ( eco) iout=20ma(hs) 0 20 40 60 80 100 120 140 160 0 4 8 12 16 20 24 28 32 36 input voltage v in  (v) supply current i ss  (  a) iout=0ma ( eco) iout=20ma(hs)

 r1510s  no.ea-185-140724      26  7) supply current vs. operating temperature       r1510sxxxa  r1510sxxxb          r1510sxxxc  r1510sxxxd         8) supply current vs. output current (ta=25c)     r1510sxxxa (vr=5.0v)          0 5 10 15 20 25 30 -50 -25 0 25 50 75 100 125 temperature topt (c) supply current i ss  (  a) vr=2.5v, vd=2.3v vr=5.0v, vd=4.5v vr=12.0v, vd=11.0v v in =14v i out =0ma 0 5 10 15 20 25 30 -50 -25 0 25 50 75 100 125 temperature topt (c) supply current i ss  (  a) vr=2.5v, vd=2.3v vr=5.0v, vd=4.5v vr=12.0v, vd=11.0v v in =14v i out =0ma 0 5 10 15 20 25 30 -50 -25 0 25 50 75 100 125 temperature topt (c) supply current i ss  (  a) vr=2.5v, vd=2.3v vr=5.0v, vd=4.5v vr=12.0v, vd=11.0v v in =14v i out =0ma 0 5 10 15 20 25 30 -50 -25 0 25 50 75 100 125 temperature topt (c) supply current i ss  (  a) vr=2.5v, vd=2.3v vr=5.0v, vd=4.5v vr=12.0v, vd=11.0v v in =14v i out =0ma 0 50 100 150 200 250 300 0.1 1 10 100 1000 output current i out  (ma) supply current i ss  (  a) v in =7v

 r1510s no.ea-185-140724      27  9) mode switching load current vs. operating temperature     r1510s          10) dropout voltage vs. set output voltage (ta=25c)     r1510s          11) ripple rejection vs. frequency (ta=25c)      r1510s (vr=2.5v)  r1510s (vr=5.0v)       0 2 4 6 8 10 12 14 -50 -25 0 25 50 75 100 125 temperature topt (c) mode switching load current (ma) eco  hs hs  eco v in =14v 0.0 0.5 1.0 1.5 2.0 2.5 0.0 2.0 4.0 6.0 8.0 10.0 12.0 set output voltage v reg  (v) dropout voltage v dif  (v) iout=1ma iout=10ma(eco) iout=20ma iout=50ma iout=100ma iout=300ma 20 30 40 50 60 70 80 0.1 1 10 100 frequency f (khz) ripple rejection rr (db) iout=1ma iout=100ma v in =6v+0.2vp-p 20 30 40 50 60 70 80 0.1 1 10 100 frequency f (khz) ripple rejection rr (db) iout=1ma iout=100ma v in =7v+0.2vp-p

 r1510s  no.ea-185-140724      28   r1510s (vr=12.0v)          12) ripple rejection vs. input voltage (ta=25c)      r1510s (vr=2.5v)  r1510s (vr=2.5v)           r1510s (vr=5.0v)  r1510s (vr=5.0v)             20 30 40 50 60 70 80 0.1 1 10 100 frequency f (khz) ripple rejection rr (db) iout=1ma iout=100ma v in =14v+0.2vp-p 20 30 40 50 60 70 80 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 input voltage v in  (v) ripple rejection rr (db) 1khz 10khz 100khz i out =1ma ripple=0.2vp-p 20 30 40 50 60 70 80 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 input voltage v in  (v) ripple rejection rr (db) 1khz 10khz 100khz i out =100ma ripple=0.2vp-p 20 30 40 50 60 70 80 5.0 5.5 6.0 6.5 7.0 7.5 input voltage v in  (v) ripple rejection rr (db) 1khz 10khz 100khz i out =1ma ripple=0.2vp-p 20 30 40 50 60 70 80 5.0 5.5 6.0 6.5 7.0 7.5 input voltage v in  (v) ripple rejection rr (db) 1khz 10khz 100khz i out =100ma ripple=0.2vp-p

 r1510s no.ea-185-140724      29    r1510s (vr=12.0v)  r1510s (vr=12.0v)         13) input transient response (ta=25c)    r1510s (vr=2.5v)      r1510s (vr=5.0v)        20 30 40 50 60 70 80 12.0 12.5 13.0 13.5 14.0 14.5 input voltage v in  (v) ripple rejection rr (db) 1khz 10khz 100khz i out = 1 m a ripple=0.2vp-p 20 30 40 50 60 70 80 12.0 12.5 13.0 13.5 14.0 14.5 input voltage v in  (v) ripple rejection rr (db) 1khz 10khz 100khz i out =100ma ripple=0.2vp-p 2.48 2.49 2.50 2.51 2.52 -100 0 100 200 300 400 500 600 700 800 time (  s) output voltage v out  (v) 3.0 3.5 4.0 4.5 5.0 input voltage v in  (v) input voltage output voltage v dd =3.5v to 4.5v, c out =6.8  f, i out =1ma,tf, tr=1  s 4.98 4.99 5.00 5.01 -100 0 100 200 300 400 500 600 700 800 time (  s) output voltage v out  (v) 5.5 6.0 6.5 7.0 7.5 input voltage v in  (v) input voltage output voltage v dd =6v to 7v, c out =6.8  f, i out =1ma, tf,tr=1  s

 r1510s  no.ea-185-140724      30  r1510s (vr=12.0v)      r1510s (vr=2.5v)      r1510s (vr=5.0v)      11.98 11.99 12.00 12.01 12.02 12.03 -100 0 100 200 300 400 500 600 700 800 time (  s) output voltage v out  (v) 12.5 13.0 13.5 14.0 14.5 input voltage v in  (v) input voltage output voltage v dd =13v to 14v, c out =6.8  f, i out =1ma, tf,tr=1  s 2.48 2.49 2.50 2.51 2.52 -100 0 100 200 300 400 500 600 700 800 time (  s) output voltage v out  (v) 3.0 3.5 4.0 4.5 5.0 input voltage v in  (v) input voltage output voltage v dd =3.5v to 4.5v, c out =6.8  f, i out =10ma(hs), tf,tr=1  s 4.98 4.99 5.00 5.01 5.02 5.03 -100 0 100 200 300 400 500 600 700 800 time (  s) output voltage v out  (v) 5.5 6.0 6.5 7.0 7.5 input voltage v in  (v) input voltage output voltage v dd =6v to 7v, c out =6.8  f, i out =10ma(hs), tf,tr=1  s

 r1510s no.ea-185-140724      31  r1510s (vr=12.0v)      14) load transient response (ta=25c)    r1510s (vr=2.5v)      r1510s (vr=5.0v)      11.98 11.99 12.00 12.01 12.02 12.03 -100 0 100 200 300 400 500 600 700 800 time (  s) output voltage v out  (v) 12.5 13.0 13.5 14.0 14.5 input voltage v in  (v) input voltage output voltage v dd =13v to 14v, c out =6.8  f, i out =10ma(hs), tf,tr=1  s 1.5 2.0 2.5 3.0 -40 0 40 80 120 160 200 240 time (  s) output voltage v out  (v) 0 300 600 output current i out  (ma) output voltage output current v dd =5.5v, c in =2.2  f, c out =6.8  f, i out =0ma to 300ma, tf,tr=1  s 4.0 4.5 5.0 5.5 -40 0 40 80 120 160 200 240 time (  s) output voltage v out  (v) 0 300 600 output current i out  (ma) output voltage output current v dd =7.0v, c in =2.2  f, c out =6.8  f, i out =0ma to 300ma, tf,tr=1  s

 r1510s  no.ea-185-140724      32  r1510s (vr=12.0v)      r1510s (vr=2.5v)      r1510s (vr=5.0v)      11.0 11.5 12.0 12.5 -40 0 40 80 120 160 200 240 time (  s) output voltage v out  (v) 0 300 600 output current i out  (ma) output voltage output current v dd =14v, c in =2.2  f, c out =6.8  f, i out =0ma to 300ma, tf,tr=1  s 1.5 2.0 2.5 3.0 -40 0 40 80 120 160 200 240 time (  s) output voltage v out  (v) 0 300 600 output current i out  (ma) output voltage output current v dd =5.5v, c in =2.2  f, c out =6.8  f, i out =20ma to 300ma, tf,tr=1  s 4.0 4.5 5.0 5.5 -40 0 40 80 120 160 200 240 time (  s) output voltage v out  (v) 0 300 600 output current i out  (ma) output voltage output current v dd =7v, c in =2.2  f, c out =6.8  f, i out =20ma to 300ma, tf,tr=1  s

 r1510s no.ea-185-140724      33  r1510s (vr=12.0v)      15) start-up waveform (ta=25c)    r1510sxxxb/c/d (vr=5.0v)      16  start-up waveform by ce (ta=25c)    r1510sxxxa (vr=5.0v)      11.0 11.5 12.0 12.5 -40 0 40 80 120 160 200 240 time (  s) output voltage v out  (v) 0 300 600 output current i out  (ma) vr output voltage output current v dd =14v, c in =2.2  f, c out =6.8  f, i out =20ma to 300ma, tf,tr=1  s 0 1 2 3 4 5 6 7 8 -50 0 50 100 150 200 250 time (  s) input voltage v in  / output voltage v out  (v) 0 100 200 300 400 500 600 700 800 inrush current (ma) vin vout inrush current c out =6.8  f, i out =10ma, tf,tr=1  s 0 1 2 3 4 5 6 7 8 -50 0 50 100 150 200 time (  s) output voltage v out  / ce voltage (v) 0 100 200 300 400 500 600 700 800 inrush current (ma) ce vout inrush current v in =7v, i out =10ma

 r1510s  no.ea-185-140724      34  17) thermal shutdown     r1510s (vr=5.0v)        18) detector threshold voltage vs. operating temperature               r1510s (vd=2.3v)          r1510s (vd=4.8v)                   r1510s (vd=12.0v)          0 1 2 3 4 5 6 50 60 70 80 90 100 110 120 130 140 150 temperature topt (c) output voltage v out  (v) v in =14v, i out =1ma 2.28 2.30 2.32 2.34 2.36 2.38 2.40 2.42 -50 -25 0 25 50 75 100 125 temperature topt (c) detector threshold voltage vd out  (v) -vdet +vdet 4.75 4.80 4.85 4.90 4.95 5.00 5.05 5.10 -50 -25 0 25 50 75 100 125 temperature topt (c) detector threshold voltage vd out  (v) -vdet +vdet 11.9 12.0 12.1 12.2 12.3 12.4 12.5 12.6 12.7 12.8 12.9 -50 -25 0 25 50 75 100 125 temperature topt (c) detector threshold voltage vd out  (v) -vdet +vdet

 r1510s no.ea-185-140724      35  19) vd output voltage vs. input voltage           r1510sxxxa/c/d (vd=2.3v)         r1510sxxxa/c/d (vd=4.8v)                r1510sxxxa/c/d  (vd=12.0v) r1510sxxxb         20) d out  sink current vs. d out  output voltage   r1510s          0 1 2 3 4 5 6 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 input voltage v in  (v) detector output voltage d out  (v) -40c 110c 25c pu ll  up 5 v ,  4 7 0k ?                           ?                           ? 0 1 2 3 4 5 6 0246810 input voltage v in  (v) detector output voltage d out  (v) -40c 110c 25c sense=0v, pull up 5v,470k ? 0 5 10 15 20 25 30 35 0.0 1.0 2.0 3.0 4.0 5.0 6.0 d out  output voltage v ds  (v) d out  sink current i outn  (ma) vin=1.0v vin=1.5v vin=2.0v vin=4.0v 105c  105c  105c  105c

 r1510s  no.ea-185-140724      36  21) d out  sink current vs. input voltage            r1510s (vd=2.3v)        r1510s (vd=4.8v)               r1510s (vd=12.0v)          22) c d  detector threshold vs. operating voltage        23) c d  sink current vs. c d  output voltage                r1510sxxxc/d  r1510sxxxc/d         0 2 4 6 8 10 12 14 16 18 20 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 input voltage v in  (v) d out  sink current i outn  (ma) -50c 110c 25c d out = 0 . 5v 0 2 4 6 8 10 12 14 16 18 20 01234567 input voltage v in  (v) d out  sink current i outn  (ma) -50c 110c 25c d out = 0 . 5v 0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 input voltage v in  (v) d out  sink current i outn  (ma) -50c 110c 25c d out =0.5v 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 -50 -25 0 25 50 75 100 125 temperature topt (c)  c d  threshold voltage (v) v in = 14v 0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 1.0 2.0 3.0 4.0 cd output voltage v ds  (v) c d  sink current  (ma) 1.5v 2.0v 2.5v 3.0v 3.5v vin =4.5v 4.0v 105c 105c 105c 

 r1510s no.ea-185-140724      37  24) c d  output current vs. input voltage            r1510sxxxc/d (vd=2.3v)       r1510sxxxc/d (vd=4.8v)               r1510sxxxc/d (vd=12.0v)          25) output delay time vs. operating temperature      26) release output delay time vs.  operating temperature   r1510sxxxa/b  r1510sxxxc/d         0.0 0.2 0.4 0.6 0.8 0.0 0.5 1.0 1.5 2.0 2.5 input voltage v in  (v) cd sink current    (ma) cd = 0 .5 v -40c 25c 110c 0.0 0.5 1.0 1.5 2.0 2.5 0.01.02.03.04.05.0 input voltage v in  (v) cd sink current (ma) cd = 0 . 5v -40c 25c 110c 0.0 0.5 1.0 1.5 2.0 2.5 0.0 2.0 4.0 6.0 8.0 10.0 12.0 input voltage v in  (v) cd sink current (ma) cd=0.5v -40c 25c 110c 0 5 10 15 20 25 30 -50 -25 0 25 50 75 100 125 temperature topt (c) ouput delay time (  s) t pl h t phl 10 30 50 70 90 110 130 -50 -25 0 25 50 75 100 125 temperature topt (c) output delay time t delay  (ms) cd = 0 . 01  f 105c  105c 105c 

 r1510s  no.ea-185-140724      38  27) output delay time vs. external capacitance of output delay pin         r1510sxxxc/d (vd=2.3v)      r1510sxxxc/d (vd=4.5v)                r1510sxxxc/d (vd=12.0v)          0.001 0.01 0.1 1 10 100 1000 0.001 0.01 0.1 1 10 100 external capacitance (nf) delay time t delay /t reset  (ms) t delay t reset 0.001 0.01 0.1 1 10 100 1000 0.001 0.01 0.1 1 10 100 external capacitance (nf) delay time t delay /t reset  (ms) t delay t reset 0.001 0.01 0.1 1 10 100 1000 0.001 0.01 0.1 1 10 100 external capacitance (nf) delay time t delay /t reset  (ms) t dela y t reset

 r1510s no.ea-185-140724      39  detection operation glitch of sense pin voltage  the graph below shows that the pulse amplitude/ pulse  width that can maintain the released condition when  the pulse of less than the detector thres hold voltage was input into sense pin.        r1510sxxxb         -v det   a mplitude level  pulse width sense     sense input waveform      this graph shows the maximum pulse conditions that can  maintain the released condition. please be careful to  the sizes of the pulse width and the  pulse amplitude going into sense pin  because if they are bigger than the  sizes of the pulse width and the pulse amplitude in this graph, the reset signal may go off.        0 10 20 30 40 50 60 70 80 10 100 1000 amplitude level (mv) pulse width during under v det  (  s) vd=2.3v vd=12.0v vd=5.0v topt=25 c

 r1510s  no.ea-185-140724      40  equivalent series resist ance vs. output current  ceramic type output capacitor is recommended for this series, however; low esr type capacitor also could be  used. for reference, the conditions below show  the relationship between the output current (i out ) of which noise  level is 40v (average) or less and the esr.      measurement conditions  ?   noise frequency range: 10hz to 2mhz  ?   ambient temperature: -40c to 105c  ?   shaded area: noise level is 40v (average) or less  ?   output capacitor: ceramic 6.8f           r1510s (vr=2.5v)  r1510s (vr=5.0v)          r1510s (vr=12.0v)           0.01 0.1 1 10 100 0 50 100 150 200 250 300 output current i out  (ma) esr ( ? ) v in =3.5v to 36v,  c out =ceramic 6.8  f -40 c 110 c 25 c 0.01 0.1 1 10 100 0 50 100 150 200 250 300 output current i out  (ma) esr ( ? ) -40c 25 c 110 c v in =6.0v to 36v, c out =ceramic 6.8  f 0.01 0.1 1 10 100 0 50 100 150 200 250 300 output current i out  (ma) esr ( ? ) v in =13.0v to 36v,  c out = c eramic 6.8  f -40 c 110 c 25c -40c  105c  25c  25c 25c  105c 105c -40c  -40c 
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