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		  preliminary YB1315 high efficiency charge pump white led driver       YB1315 rev.0.1                       www.yobon.com.tw                                     1    vin c1+ c1- c2+ c2- en1 en2 gnd vout d1 d2 d3 d4 d5 iset pgnd 0. 47 f 0. 47 f 1f vin = 2.7v to 5.5v YB1315 1uf description  the YB1315 charge pump is designed to  drive up to 5 white  leds with regulated  constant current in  backlight display  application. the device can provide up to  25ma per led for a total 5 channels. the  output current can also be combined into  one single channel with 125ma output  current for flash-light applications. the  input voltage ranges from  2.7v to 5.5v and  is ideal for applications powered by a  single li-ion or 3 to 4 nicd, nimh or  alkaline batteries.  YB1315 monitors the power-supply input  voltage and led forward voltage and  current, and does an autom atic selection to  a switching mode that is optimized for the  power conversion efficiency as well as  battery operating time. the 1mhz fixed  frequency switching allows for tiny external  components, and the r egulation scheme is  optimized to ensure low emi and low input  ripple.   internal soft-start circuitry effectively  reduces the in-rush current. YB1315 also  provides short circuit protection,  over-temperature  protection and  over-voltage protection. in shutdown mode,  the shutdown current is less than 1  a.  YB1315 is available in a tqfn-16 3x3  package.  features  ?   voltage input range from 2.7v to 5.5v  ?   drives from 3 to 5 leds at up to 25ma  each  ?   fractional conversion modes for high  conversion efficiency, 1x and 1.5x  ?   1mhz internal oscillator  ?   thermal protection shutdown  ?   output short-circuit current limit and  over-voltage protection  ?   under-voltage lockout with hysteresis  ?   automatic soft-start reduces in-rush  current  ?   3mm x 3mm tqfn package  applications  ?   white led backlighting  ?   handheld pcs and pdas  ?   mobile phone  ?   dsc and dv flash light application              typical application circuit                     figure 1: typical application circuit 

 preliminary YB1315 high efficiency charge pump white led driver       YB1315 rev.0.1                       www.yobon.com.tw                                     2    12 11 10 9 13 14 15 16 1234 5 6 7 8 iset d5 d4 d3 vout pgnd d1 d2 c2- c1- c1+ c2+ vin gnd en1 en2 pin configuration                tqfn-16 3x3    figure 2: pin configuration  pin description  table 1  pin name  description  1 i set   connect a r set  resistor between this pin and gnd. r set =7.5k, set i led  to 20ma.  (recommended)  2 d5  current sink output #5. if not used, connected to v in  or floating.  3 d4  current sink output #4. if not used, connected to v in  or floating.  4 d3  current sink output #3. if not used, connected to v in  or floating.  5 d2  current sink output #2. if not used, connected to v in  or floating.  6 d1  current sink output #1. if not used, connected to v in  or floating.  7 pgnd  power gnd.  8 v out   charge pump output.  9 c2+  flying capacitor 2 positive terminal. connect a 0.47  f capacitor between c2+ and c2-.  10 c1+  flying capacitor 1 positive terminal. connect a 0.47  f capacitor between c1+ and c1-.  11 c1-  flying capacitor 1 negative terminal.  12 c2-  flying capacitor 2 negative terminal.  13 v in   input voltage.  14 gnd  analog gnd.  15 en1  enable input1.  16 en2  enable input2. en1 and en2 can be used for digital dimming with 4 steps from 0ma to  the maximum current set with i set .    ordering information  table 2  order number  package type  supplied as  package marking  YB1315a316 tqfn-16 3x 3  2500 units tape & reel please contact sales  representative 

 preliminary YB1315 high efficiency charge pump white led driver       YB1315 rev.0.1                       www.yobon.com.tw                                     3    absolute maximum ratings  supply voltage .......................................5.5v     output short-circuit duration...... continuous  junction temper ature r ange...............150    storage temperature range.. -65   to 150    lead temperat ure................................250        recommended operating conditions  input supply voltage ............... 2.7v to 5.5v  operating temperature..........-40   to 85                electrical characteristics  table 3   (v in =3.6v, en1=en2=v in , t a =25c, unless otherwise noted.)  description symbol test conditions min typ max units supply voltage and current  input voltage range  v in   i out  = 0~70ma  2.7  5.5 v  v in  =4.2v, x1-mode,    en1=en2=1, i set  =20  a   250    a  operating quiescent current  i q   i out  = 0ma, x1.5-mode   2  ma  shutdown current  i sd   en1=en2=gnd   0.1 1   a  charge pump stage  over voltage limit  v out   led1 unconnected, v in  =4.2v  5.3   v  startup time    c out  =1  f,  i dx    0.9i dx    750    s  softstart duration       500    s  switching frequency  f    0.7 1 1.3 mhz  efficiency     v in  =3.75v, i led =20ma each  v dx  =3.2v   83   %  shutdown temperature       160      shutdown temperature hysteresis       20      current sinks  recommended maximum current per  current sink  i dx   3.2v  v in  5.5v   25  ma  current into each current sink when  i set  is shorted to gnd  i dx   3.0v  v in  5.5v  i set  short to gnd    60 ma  current matching between any two  outputs    v dx  =3.2v, t a  =25      3 %  line regulation    3.2v  v in  5.5v, v dx  =3.2v  en1=en2=1, i set  =80  a    3 %  en2=0, en1=1   200   en2=1, en1=0   400   reference voltage for current set  v iset   en2=1, en1=1  580 600 620  mv  recommended i set  pin current range  i set     4  100   a  i dx  to i set  current ratio  k  en2=1, en1=1, i set  =80  a  220 250 280    voltage at dx to gnd  v source    0.4   v 

 preliminary YB1315 high efficiency charge pump white led driver       YB1315 rev.0.1                       www.yobon.com.tw                                     4    enable 1, enable 2  en1, en2 high level input voltage  v ih   supply voltage falling  1.3     v  en1, en2 low level input voltage  v il       0.3 v  en1, en2 trip point hysteresis       50  mv  en2 input leakage current  i ikg      0.1 1   a  en1 input current  i i      0.1 1   a  under voltage lockout threshold  v (uvlo)   input voltage falling   2.1   v  under voltage lockout hysteresis       50  mv  frequency range at pwm        50 khz  recommended on-time for pwm  signal       2.5    s  shutdown delay time    delay time when en1=en2  go to gnd after which the  YB1315 shuts down  completely.  0.5 1 1.5 ms                                               

 preliminary YB1315 high efficiency charge pump white led driver       YB1315 rev.0.1                       www.yobon.com.tw                                     5    typical performance characteristics  v in  =3.6v, c in  =4.7  f, c1=c2=0.47  f,  c out  = 1  f, unless otherwise noted.                                                                          efficiency vs. supply voltage (i led =20ma)                 dimming response   led efficie ncy 0 10 20 30 40 50 60 70 80 90 2.7 3.1 3.5 3.9 4.3 4.7 5.1 5.5 v i  (v) ef f iciency (%)        t ime=500                             1x mode, software                        dimming respons    t ime=100                               t ime=500                             input and output voltage ripple               led1 current vs duty cycle     t ime=1                             0 2 4 6 8 10 12 14 16 18 0 10203040 5060708090 duty cycle ( %) led1 current (ma)

 preliminary YB1315 high efficiency charge pump white led driver       YB1315 rev.0.1                       www.yobon.com.tw                                     6    1x/1.5x charge pump 10 11 9 12 8 13 current sinks 2 3 4 5 6 control 1 15 16 14 7 c1+ en1 en2 c1- c2+ c2- vin gnd iset d5 d4 d3 d2 d1 pgnd vout ovp uvlo reference function block                                            figure 3: function block      functional description  the YB1315 uses a multi-mode fractional  charge pump to generat e a supply voltage  and a precise sink circuitry to ensure a  constant driving current for each led. the  charge pump operates in either 1x mode,  or 1.5x mode, depe nding on the input  voltage and output current loading. the  overall power consumption is best  optimized by automat ically switching  among the 2 different  operation mode.    the charge pump is po ssible to generate a  total output current  of 125ma or more,  25ma for each led. but it is recommended  to operate the device under total 120ma.                

 preliminary YB1315 high efficiency charge pump white led driver       YB1315 rev.0.1                       www.yobon.com.tw                                     7    application information  soft-start circuitry  the YB1315 includes soft-start circuitry to  limit inrush current at  turn-on. once the  input voltage is applied, the output  capacitor is charged directly from the input  with a ramped current  source (with no  charge-pump action ) until the output  voltage approaches the input voltage.  once this occurs, the charge pump  determines if 1x or 1. 5x mode is required.  in the case of 1x mode, the soft-start is  terminated and normal operation begins. in  the case of 1.5x mode,  soft-start operated  until the lowest of led1-led5 reaches  regulation.  enable (en1, en2)  the enable pins en1 and en2 are used to  enable or shutdown the device. the  YB1315 is enabled if one  of the enable pins  is pulled higher than t he enable trip point of  1.2v. the device starts up by going  through the soft start routine as described  above. pulling both pins  to gnd, after a  delay, forces the device into to shutdown  mode. in shutdown,  the charge pump,  current sources, voltage reference,  oscillator, and all other  functions are turned  off and the supply current is reduced to  0.1  a.  methods for dimming control  YB1315 offers flexible ways for dimming  control.  1.  en1 and en2 can be used for dimming.  the logic levels at en1 and en2 set the  minimum voltage at t he current mirrors  and the voltage at the  iset pin to gnd.  this sets the current at the leds to be  either the full current or a fraction of the  full current. see table 4 for further  details. the maximum current through  the leds is set by a resistor connected  between iset and gnd described  later.    table 4.  enable levels  enable level  en2 en1  mode  led  current 0 0 shutdown  0  0 1 v iset =200mv 1/3  1 0 v iset =400mv 2/3  1 1 v iset =600mv full  2. en1 and en2 can also be used for  pwm dimming. the led brightness  level is directly dependent on the duty  cycle of the pwm signal and the  configuration. the pwm signal can  either be applied to en1 or en2, or both  tied together, and the pwm signal can  be applied to both pins. depending on  the configuration, the current during  pwm dimming is switched between  0ma and its maximum (en1 and en2  connected to the pwm signal) or  between 0ma and 1/3 of the full led  current if en2= 0 an d en1 is toggled.  when en1 = 0 and en2 is toggled, the  output current can be changed between  0ma and 2/3 of the full range.  led current setting  the current of white led connected to  YB1315 can be set by r set . every current  flow through the white led is 250 times 

 preliminary YB1315 high efficiency charge pump white led driver       YB1315 rev.0.1                       www.yobon.com.tw                                     8    greater than the current  through that of  r set .  the white led can be estimated by  following equation:  250 iset led set v i r ?? = ?? ??   to set the led current, the device uses a  r set  resistor connected the pin i set  to  ground to generate a reference current  v iset /r set  , where v iset  is the voltage from  i set  pin to ground.  this reference current is amplified by k  (250 typical) to generate the led current.  following table shows the relation between  r set  and led current.  rset (k  ) 6 7.5 10 15 150 iled (ma) 25 20 15 10  1  thermal protection  the regulator has thermal shutdown  circuitry that prot ects it from damage  caused by high temperature conditions.  the thermal protection  circuitry shut down  the device when the j unction temperature  reached approximately 160  , allowing the  device to cool. when the junction  temperature cools to approximately 140  ,  the device is automatically re-enabled.  continuously running  the regulator into  thermal shutdown can degrade reliability.  under-voltage lockout  the under-voltage lockout circuit shuts  down the device when the voltage at v in   drops below a typical threshold of 2.2v.  this prevents damage to the devices.  power efficiency  the battery current and efficiency of the  YB1315 are mostly  dependent on the  charge pump mode of oper ation. to get the  best performance from the YB1315 it is  better to use leds with consistently lower  v f  voltage.  lower v f  will keep the charge pump in 1x  mode longer and will uses less battery  current, extending the run time of the  battery. the power conversion efficiency of  the YB1315 can be calculated by adding  up the products of each led current and  voltage and dividing it by the product of the  input voltage and current. with a fully  charged battery where the input voltage is  typically above the led forward voltage,  the charge pump operates in the 1x mode  and efficiency is high. as the battery  discharges, there is a point where the  current sources no longer have enough  voltage overhead to maintain a constant  current regulation. at that point, the charge  pump switches into the 1.5x mode. the  conversion efficiency is lowest at the  crossover. when in 1x mode the voltage  conversion efficiency is defined as output  power divided by input power:  100% 100% () out out out in in in in out q out out out in in out q pvi pvi ii i pvi pvi i    ==   =+  ==  +   when in 1.5x mode the voltage conversion  efficiency is as output power divided by  input power: 

 preliminary YB1315 high efficiency charge pump white led driver       YB1315 rev.0.1                       www.yobon.com.tw                                     9    100% 100% ( mode ) mode 1.5 out out out in in in in out q out out out in in out q pvi pvi ii i pvi pvi i    ==   =+  ==   + =   and then leds efficiency is defined as led  forward voltage produces output current  divided by input power:  100% ( mode ) out f out in in out q pvi pvi i   ==   +     capacitor selection  ceramic capacitors such as x5r or x7r  are recommended to be used with the  YB1315. for the two flying capacitors c1  and c2, it is important to use low esr  capacitors to avoid unnecessary efficiency  losses. low esr capacitors on vout  reduce the ripple voltage on the supply of  the current sources. table 5 lists capacitor  types that have been tested with the  YB1315.                                              table 5.    recommended capacitors and wled  part value voltage manufacturer size website  c1608x5r1a105kt000e c1608x7r1a105kt0s0n c2012x7r1c225kt000n 1  f  1  f  2.2  f  10v  10v  16v  tdk  0603  0805  0805  www.component.tdk.com ecj1vb1a105k  ecj2fb1a105k  ecj2fb1a225k  1  f  1  f  2.2  f  10v  10v  16v  panasonic  0603  0805  0805  www.panasonic.com   ltw-193ts5        lite-on     www.liteon.com.tw          

 preliminary YB1315 high efficiency charge pump white led driver       YB1315 rev.0.1                       www.yobon.com.tw                                     10    package information (tqfn-16 3x3)                                                                    notice:  y   the information described herein is  subject to change without notice.  y   yobon does not assume any responsibility for use of  any circuitry or applications described herein, nor  does it convey any patent license. 
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