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		                                                  AT1313                                     high efficiency, constant current                     white-led driver                                                 7f, no.9, park avenue ii, science-based indu strial park, hsinchu 300,taiw an, r.o.c.                        tel: 886-3-563-0878     fax: 886-3-563-0879            www:  http://www.aimtron.com.tw   10/31/2006  rev:2.0                                      email: service@aimtron.com.tw   1                                             feature  ?operating voltage:2.5v~5.5v    ?high operating frequency: 1.4mhz    ?high output voltage: up to 18v  ?shutdown current AT1313 step-up converter drives white leds  with a constant current to provide backlight in cell  phones, pdas, and other hand-held devices. it  features allowing series connection of the white  leds so that the led currents are identical for  uniform brightness. an enable input can be pulsed  repeatedly to adjust led?s brightness. the fast 1.4 mhz current-mode pwm control allows for smaller  capacitor and inductor. fault condition protection  uses cycle-by-cycle current limiting to sense  maximum inductor current, thermal protection and  over-voltage protection. also included soft-start  eliminates inrush current  during start-up. the 0.2v  low reference voltage minimized the power loss  across the current-setting resistor.      the AT1313 is available in  6-pin sot-26 packages    block dia g ram  lx vref + - fb on/off control logic / pwm  dimming  control gnd control logic en vref 0.2v n vbg 1.23v vin + - vbg ovp + - overvoltage protection current limit 1.2a ctl ctl 18v soft-start     aimtron reserves the right without notice to  change this circuitry and specifications.    

                                                 AT1313                                     high efficiency, constant current                     white-led driver                                                 7f, no.9, park avenue ii, science-based indu strial park, hsinchu 300,taiw an, r.o.c.                        tel: 886-3-563-0878     fax: 886-3-563-0879            www:  http://www.aimtron.com.tw   10/31/2006  rev:2.0                                      email: service@aimtron.com.tw   2                                             pin configuration    ordering information       part number  package  marking  AT1313x_ gre  sot-26, green  313, date code with one bottom line   : date code    * for more marking information, contact our sales representative directly  pin description  pin n0.  symbol  i / o  description  1  lx  i  step-up regulator n-mos drai n. place output diode and inductor.  2 gnd  p ground  3 fb  i  step-up regulator feedback input. c onnect a sense resistor from fb to  ground.  4 en  i  enable and dimming control input. led brightness and ic shutdown are  controlled by the voltage on en. driving low for longer than 4ms to  shutdown the ic.  5  ovp  i  over-voltage protection input. connect to the output.  6 vin  p power supply.    absolute maximum ratings [note1]   parameter rated value unit  vin voltage  -0.3 to +6.0  v  lx , ovp voltage  -0.3 to +18  v  en , fb to gnd  -0.3 to +6.0  v  switch current (i lx ) 1.2 a  continuous power dissipation (sot-26 ta=+25 o c) 0.35  w  operating junction temperature range  -35 to 85  
   lead  temperature (soldering 5 sec)  260  
   storage temperature  -65 to 125  
   package thermal resistance (  ja )  250  
 /w  esd susceptibility (hbm)  2  kv  esd susceptibility (mm)  200  v  note1:permanent device damage may occur if absolute maximum ratings are exceeded. exposure to  absolute maximum rating conditions for extended periods may affect device reliability 

                                                 AT1313                                     high efficiency, constant current                     white-led driver                                                 7f, no.9, park avenue ii, science-based indu strial park, hsinchu 300,taiw an, r.o.c.                        tel: 886-3-563-0878     fax: 886-3-563-0879            www:  http://www.aimtron.com.tw   10/31/2006  rev:2.0                                      email: service@aimtron.com.tw   3                                               recommended operation conditions  values  parameter symbol  min. typ. max.  unit power supply voltage  v in   2.5  7   5.5 v  operating temperature  top  -30 +25 +85  
         electrical characteristics  (v in =2.5v, ta=+25 
 , unless otherwise noted)  parameter symbol test condition min. typ. max. units operating v   in   range  v in  v in  input voltage  2.5 - 5.5 v  under voltage thershold  uvlo  v in  falling, 100mv hysteresis  2.1 2.2  2.3  v  switch- off input current  i in1  no switching , fb>0.2v  -  100  120  ua shutdown current  i in3  en=0v  - - 1 ua feedback reference  v fb    0.190 0.2 0.210 v  fb input bias current  i fb  v fb  =0.2v  -  -  1  ua over-voltage threshold  v ovp  v out  rising  16 18 20  v  over-voltage hysteresis       2  v  ovp leakage current  i ovp  en=0v  - - 1 ua output voltage line regulation    2.5v< v in                                                   AT1313                                     high efficiency, constant current                     white-led driver                                                 7f, no.9, park avenue ii, science-based indu strial park, hsinchu 300,taiw an, r.o.c.                        tel: 886-3-563-0878     fax: 886-3-563-0879            www:  http://www.aimtron.com.tw   10/31/2006  rev:2.0                                      email: service@aimtron.com.tw   4                                             typical characteristics  efficiency vs. vin (4 led) l:sr0302 d:rb501-40            vin (v) efficiency ( %) *pn"
-v) *pn"
-v) *pn"
-v)    conversion efficiency l:sr0302 d:rb501-40              led current(ma) efficiency (%) -&%t
-v)
7jo7 -&%t
-v)
7jo7     ch1:en    ch3:fb      pwm dimming control using the en pin  efficiency vs. vin (3 led) l:sr0302 d:rb501-40          vin (v) efficiency ( %) *pn"
-v) *pn"
-v) *pn"
-v)    ch1:lx ch3:v out  ripple ch4:i lx     switching transient waveform   ch1:en  ch3:fb  ch4:i in     start-up waveform  

                                                 AT1313                                     high efficiency, constant current                     white-led driver                                                 7f, no.9, park avenue ii, science-based indu strial park, hsinchu 300,taiw an, r.o.c.                        tel: 886-3-563-0878     fax: 886-3-563-0879            www:  http://www.aimtron.com.tw   10/31/2006  rev:2.0                                      email: service@aimtron.com.tw   5                                             application circuit                             figure 1a. AT1313 typical application circuit with 100ma output .                                  figure 1b. AT1313 typical application circuit with 200ma output .        lx gnd ovp fb 4.7uf vin mbr140ws 10uh 4.7uf vin 3.6v to 4.2v AT1313 2 en off on pwm signal 0.333 ao3400 from dsp lx gnd ovp fb 4.7uf vin mbr140ws 10uh 4.7uf vin AT1313 1 en off on pwm signal

                                                 AT1313                                     high efficiency, constant current                     white-led driver                                                 7f, no.9, park avenue ii, science-based indu strial park, hsinchu 300,taiw an, r.o.c.                        tel: 886-3-563-0878     fax: 886-3-563-0879            www:  http://www.aimtron.com.tw   10/31/2006  rev:2.0                                      email: service@aimtron.com.tw   6                                             application circuit                                  figure 1c. AT1313 for innolux 8? panel led back light unit    .                                    lx gnd ovp fb 10uf vin mbr140ws 10uh 4.7uf vin 5.0v AT1313 1.2 en off on pwm signal 10uf led1         nn         led12 nn 2.7

                                                 AT1313                                     high efficiency, constant current                     white-led driver                                                 7f, no.9, park avenue ii, science-based indu strial park, hsinchu 300,taiw an, r.o.c.                        tel: 886-3-563-0878     fax: 886-3-563-0879            www:  http://www.aimtron.com.tw   10/31/2006  rev:2.0                                      email: service@aimtron.com.tw   7                                             function description    the AT1313 is a high efficiency and constant curr ent dc-dc converter ic which is designed primarily  for use in led module applications. the output voltage of the step-up converter can be set from vin to  16v with external sense resistor. the device suits to drive series-connected leds and provides even  illumination by sourcing the same output current thr ough each led. AT1313 also  consists of a logic  shutdown , cycle-by-cycle current-limited , soft-start functions.  logic control input or pwm duty cycle control allows easy adjustment of leds brightness and on/off  control. the average led current is proportionabl e the duty-cycle of the pwm signal. typical pwm  frequency should be between 100hz and 1khz.  the boost converter operates in current-mode pwm and a constant frequency of 1.4 mhz. depending  on duty cycle of each switching cycle can regulate output voltage. on the rising edge of the internal  clock , the control and driver logic block sets internal flip-flop when the output voltage is too low,  which turns on the n-mos. the external inductor current ramps up linearly, storing energy in a  magnetic filed. once peak current of inductor over trans-conductance output level , the n-mos turns  off, the flip-flop resets, and external schottky di ode turns on. this forces the current through the  inductor to ramp back down, transferring the energy stored in the magnetic field to the output capacitor  and leds. to reduce external component amount  , the device will be built-in  internal loop  compensation.   enable control  digital logic of en provides an  electrical on/off control of the po wer supply. connecting this pin to  ground or to any voltage less than 0.5v and sustain the level over 4ms will completely turn off the  regulator. in this state, current dr ain from the input supply is less than 1ua, the internal reference, error  amplifier, comparators, and biasing circuitry turn off  . if holding time of low level is less than 3ms on  this pin, then the device only shutdown driver logic block.     dimming control  digital logic of en also provides leds brightness control by applying a pwm signal on en pin. with  this way, the leds operate with either zero or full  current . the average led current is proportional to  the duty-cycle of the pwm signal. typical pwm frequency should be between 100hz and 1khz.   output current is given by:  pwm s sense pwm on led t r t mv i ? ?   = 200  where:  t on-pwm  : on time of pwm signal    t s-pwm  : a cycle time of pwm signal    if dimming control is not required , en works as a simple on/off control. drive en high to enable the  device , or drive en low for shutdown.   

                                                 AT1313                                     high efficiency, constant current                     white-led driver                                                 7f, no.9, park avenue ii, science-based indu strial park, hsinchu 300,taiw an, r.o.c.                        tel: 886-3-563-0878     fax: 886-3-563-0879            www:  http://www.aimtron.com.tw   10/31/2006  rev:2.0                                      email: service@aimtron.com.tw   8                                             soft-start  soft-start allows a gradual increase of the internal  current-limit level for the step-up converter during  power-up to reduce input surge currents. as the intern al current source charges  the internal soft-start  capacitor, the peak n-mos  current is limited by the voltage on the capacitor. in another story, when  toggle or a logic-level transition on en pin from lo w to high, soft-start function must work to enable  constant current charging internal capacitor. when soft-start process has finished or appeared falling  edge of pwm signal on en pin , soft-start capacitor must be discharged to ground level.    cycle-by-cycle over -current protection  the AT1313 provides cycl e-by-cycle over-current  protection. current limit is accomplished using a  separate dedicated comparator. th e cycle-by-cycle current limit abbr eviates the on-time of the n-mos  in event that the current of flowing n-mos is great er than the current limit value. the current-limit  feature protection against a hard short or over-current fault at the output.    over-voltage protection  if v out  is above 16v or leds are disconnected from the  circuit, the fb pin is similar to pull down to  ground with a sense resistor. this will cause n-mos to switch with a maximum duty cycle and come  out output over-voltage. this may cause the lx pin voltage to exceed its maximum voltage rating to  damage built-in n-mos. in the state, the ovlo pr otection circuitry stops the internal n-mos . when  v out  falls below 16v, ic will automatically recover normal operation.    power dissipation  consideration   the at1312 maximum power dissipation depends on the thermal resistance of the ic package and  circuit board, the temperature difference between the  die junction and ambient air, and the rate of any  airflow. the power dissipation in the device depends on the operating conditions of the regulator.  the step-up converter dissipates power across th e internal n-mos as the controller ramps up the  inductor current. in continuous condition, the power dissipated internally can be approximated by :  d r l f d v v v i p on ds osc in in o o boost     +  = ) ( 2 2 ] ) ( 12 1 ) [(   w here  i o  : it is the load current.  f osc  : it is a switching frequency. 

                                                 AT1313                                     high efficiency, constant current                     white-led driver                                                 7f, no.9, park avenue ii, science-based indu strial park, hsinchu 300,taiw an, r.o.c.                        tel: 886-3-563-0878     fax: 886-3-563-0879            www:  http://www.aimtron.com.tw   10/31/2006  rev:2.0                                      email: service@aimtron.com.tw   9                                             applications information    external components of main boost converter can be designed by performing simple calculations. it  need to follow regulation by the output voltage and the maximum load current, as well as maximum  and minimum input voltages. begin by selecting an inductor value. once l is know, choose the diode  and capacitors.    boost inductor  inductor selection depends on input voltage, output voltage, maximum current , switching frequency  and availability of inductor values. the following boost circuit equations are useful in choosing the  inductor values based on the application. they allow the trading of peak current and inductor value  while allowing for consideration of  component availability and cost.  the peak inductor current is given by:  d i i i i i o lavg l lavg lpeak ? = ? + = 1 2      where:  ? i l  is the inductor peak-to-peak cu rrent ripple and is decided by:  osc in l f d l v i  = ?   d is the mosfet turn on ratio and is decided by:  o in o v v v d ? =   f osc  is the switching frequency.  the inductor should be chosen to be able to handle this current and inductor saturation current rating  should be greater than i peak .    diode selection  the output diode has average current of i o , and peak current the same as the inductor?s peak current  and a voltage rating at least 1.5 times the output voltage. schottky diode is recommended and it should  be able to handle those current.    output capacitor  the AT1313 is specially compensated to be stable  with capacitors which have a worst- case minimum  value of 1uf at the particular v out  being set. output ripple voltage requirements also determine the  minimum value and type of capacitors. output ripple voltage consists of two components the voltage  drop caused by the switching current through the esr of the output capacitor and the charging and  discharging of the output capacitor:   

                                                 AT1313                                     high efficiency, constant current                     white-led driver                                                 7f, no.9, park avenue ii, science-based indu strial park, hsinchu 300,taiw an, r.o.c.                        tel: 886-3-563-0878     fax: 886-3-563-0879            www:  http://www.aimtron.com.tw   10/31/2006  rev:2.0                                      email: service@aimtron.com.tw   10                                             osc out o o in o lpeak ripple f c i v v v esr i v   ? +  =   for low esr ceramic capacitors, the output ripple is  dominated by the charging or discharging of the  output capacitor.    pcb layout guidelines  careful printed circuit layout is extremely importa nt to avoid causing parasitical capacitance and line  inductance. the following layout  guidelines are recommended to  achieve optimum performance.  ?  please the boost converter diode and inductor close  to the lx pin and no via. keep traces short,  direct, and wide.  ?  please ceramic bypass capacitors  near the input/output pin.  ?  locate all feedback sense resistor as cl ose to the feedback pins as possible.  ?  the ground connections of v in  and v out  should be as close together as possible.                                                 
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