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		  te c h t m                                                                                  T6309A     tm technology inc. reserves the right                           p. 1      publication date: may. 2007  to change products or specifications without notice.  revision: a          micropower step-up dc/dc converter       features    ? matched led current with overvoltage    protection  ? drives up to 6 leds in series  ? up to 85% efficiency  ? low 400mv feedback reference,    optional 1.19v feedback reference  ? internal current limit 300ma  ? under voltage lock out circuits  ? 0.1ua low shutdown supply current  ? 6-pin sot-23 package   ? esd human body mode over 5kv    applications  ? cellular phones  ? portable communication devices  ? handheld electronics  ? pdas  ? led/display back light driver      part number examples                                       the T6309A features a minimum off-time  current-limited pfm control scheme. the  led current is set with an external sense  resistor (rs) and is regulated by the feedback  pin (fb) that regulates the voltage across the  sense resistor to 400mv (typ). the low  400mv feedback reference voltage reduces  power loss and improves efficiency for led  driver applications. optional 1.19v feedback  reference is available for normal output  voltage applications like lcd bias. output  overvoltage protection (ovp) is integrated to  prevent damage in case of output open circuit  condition (e.g. faulty led). the ovp pin can  monitor the output voltage and turn off the  converter in the event of overvoltage  condition. the T6309A is available in sot- 23-6 packages.  grneral description        the T6309A is a step-up dc/dc converter  that drives led with a constant current. the  device can driver up to 6 series leds from a  single-cell li-ion battery. series connection  of the leds provides constant led current  that results in uniform brightness.    part no.  feedback referemce  voltage  T6309A-ax  400mv  T6309A-bx  1.19v 

 te c h t m                                                                                  T6309A     tm technology inc. reserves the right                           p. 2      publication date: m ay. 2007  to change products or specificati ons without notice.  revision: a   pin arrangement          sot23-6  (top view )                                            gnd sw fb 1 2 3 4 6 5 v in ovp ce                        pin description  s y m b o l   p i n   n o .   d e s c r i p t i o n   s w   1   switch pin. connect inductor/diode here. minim i ze trace area at this  pin to reduce emi.  gnd  2  ground pin. connect to local ground plane.  f b   3   feedback pin. reference volta ge is 400m v (T6309A-a). optional  reference voltage is 1.19v (T6309A -b). connect cathode of lowest  led and current sense resistor here.  c e   4   chip enable pin. tie ce pin to 1.5v or higher to enable device; 0.4v  or less to shutdown the device. do not float this pin.  o v p   5   overvoltage protection. connect his pin to the output capacitor of  the converter.  v in   6  input supply  pin. must be locally  by passed.    block diagram  fb ce v in 1. 19 v sw bu f f e r dr i v e r ov p gn d + - co n t r o l lo g i c + - cu r r e n t lim it v o lta g e re f e r e n c e und e r v o lta g e lo c k  o u t mi n i m u m o f f-t i m e on e - s h ot e rro r a m p lif ie r o v e r v o lta g e pr ot e c t i on                                                                      fig. 1

 te c h t m                                                                                  T6309A     tm technology inc. reserves the right                           p. 3      publication date: may. 2007  to change products or specifications without notice.  revision: a   absolute maximum ratings  supply voltage ??????????????????????.  -0.3v to 5v  sw pin switch voltage ???????????????????  -0.3v to 31v  ovp pin overvoltage protection ???????????????..  -0.3v to 31v  ce pin voltage ??????????????????????.  -0.3v to (vdd+0.3v)  sw pin switch current ???????????????????  300ma  continuous power dissipation, pd @ t a  = 25c  sot-23-6 ????.  0.35w  package thermal resistance sot-23-6,   ja ??????????..  150c /w  operating juction temperature ????????????????  150c  operating temperature range ?????????????????  -40c to +85c  storage temperature range, tstg ???????????????  -55c to +150c  lead temperature (soldering, 10sec) ??????????????  260c  esd human body mode over ?????????????????5kv      electrical characteristics   (  v in =+3v, ta = 25c,  unless otherwise noted )  symbol  description  conditions  min.  typ.  max  unit v in   input voltage    2.5    5  v  T6309A-a  340  400  460  mv v ref   reference voltage  T6309A-b  1.15  1.19  1.23  v  t off   switch minimum off time    300  400  550  ns  v ovp   over voltage threshold      22    v  i dd2   switch off current (v out )  fb=0.5v    60    ua  i off   shutdown current (v in )  ce=0v     0.1  1  ua  v ihce   ce input voltage hight    1.5      v  v ilce   ce input voltage low        0.4    i ice   ce input bias current        0.1  ua  i ifb   fb input bias current        0.1  ua  uvlo  under voltage lockout    1.55  1.75  1.95  v  r ds(on)   switch on resistance      0.6    ohm i lim   current limit      300    ma

 te c h t m                                                                                  T6309A     tm technology inc. reserves the right                           p. 4      publication date: m ay. 2007  to change products or specificati ons without notice.  revision: a   typical operating characteristics   (vin=+3.3v,load=4 leds, l=10uh, c in =4.7uf, c out =4.7uf, t a=+25 o c , unless otherwise noted.)      e f f i ci e n cy  ( 4 w l ed) 60 65 70 75 80 85 90 2 . 02 . 5 3 . 03 . 5 4 . 0 4 . 5 5 . 0 vin ( v) ef f i c i e n c y ( % ) i o = 20m a v f b  t e m p erat u r e  cu r v e 0.4 0.4 1 0.4 2 0.4 3 vf b ( v) v i n = 3.1v   lo a d  4 l e d     0.3 8 0.3 9 - 3 0 - 2 0 - 1 0 0 10 20 30 40 5 0 60 7 0 t e m p er a t u r e (  c ) s t a b i lity  f o r  d r iv in g  4 l e d  / v i n = 3 . 6 v  ( t i m e = 1. 0u s / d i v) vo u t vs w 1. 0 v / d i v 5. 0v / d i v s t a b i lity   f o r  d r iv i n g  4 l e d  /  v i n = 3 . 0 v   ( tim e = 1 . 0 u s /d iv ) vo u t 1. 0v / d i v vs w 5. 0v / d i v s t a b i lity   f o r  d r iv i n g  4 l e d  /  v i n = 5 . 2 v   ( tim e = 1 . 0 u s /d iv ) vo u t vs w 1. 0v / d i v 5. 0v / d i v

 te c h t m                                                                                  T6309A     tm technology inc. reserves the right                           p. 5      publication date: m ay. 2007  to change products or specificati ons without notice.  revision: a   typical operating characteristics   (vin=+3.3v,load=6 leds, l=10uh, c in =4.7uf, c out =4.7uf, t a=+25 o c , unless otherwise noted.)    vout   sta b ility  fo r driv ing  6 led/vin=3 .0 v   eff i ci e n cy  (6 w l ed )           - io = 1 5 m a 60 65 70 75 80 85 90 2. 0 2 . 5 3. 0 3 . 5 4. 0 4 . 5 5. 0 vi n ( v ) e f f i ci en cy ( % ) v f b  t e m p eratu r e cu rve 0.38 0.39 0.4 0.41 0.42 0.43 -30 - 20 - 1 0 0 10 20 30 40 50 60 70 te m p e r a t u r e  ( o c ) vf b ( v) vi n= 3. 1v  load 6led    sta b ility  fo r driv ing  6 led/vin=3 .6 v   vout vsw vsw   sta b ility  fo r driv ing  6 led/vin=5 .2 v   vsw   vout  

 te c h t m                                                                                  T6309A     tm technology inc. reserves the right                           p. 6      publication date: may. 2007  to change products or specifications without notice.  revision: a   functional description       the T6309A is like a standard current-limit  pfm step-up dc-dc conve rter, but regulates  the voltage across the sense resistor rs  instead of the output voltage. this results in a  constant led current regardless the input  voltage and number of leds connected. with  integrated overvoltage protection (ovp), the  T6309A can be used as a current source with  overvoltage protection to drive leds. this  allows up to 6 leds to be connected in series  to the output. the low 400mv feedback  reference voltage reduces power loss and  improves efficiency.    step-up converter      the  step-up  dc-dc  converter  operation  can be understood by referring to the block  diagram in figure 1. pfm comparator  monitors the output voltage via the sense  resistor. when the feedback voltage is higher  than the reference voltage, the mosfet  switch is turned off. as the feedback voltage  is lower than reference voltage and the  mosfet switch has been off for at least a  period of minimum off-time decided by the  minimum off-time one-shot, the mosfet  switch is then turned on one-shot, or until the  current limit signal is asserted.  during the internal mosfet switch is turned  on, current ramps up in the inductor and store  energy in a magnetic field. when the  mosfet is turned off, the voltage across the  inductor reverses and forces current through  the diode to the output filter capacitor and  load, so the energy in the inductor is  transferred to output filter capacitor and the  load. as the energy stored in the inductor is  depleted, the current ramps down and the  output diode turns off. the output filter  capacitor stores the charge while the inductor  current is higher than the output current, then  sustains the output voltage until the next  switching cycle.    current limit       the  T6309A  utilizes  cycle-by-cycle  current limiting by means of protecting the  output mosfet switch from overstress and  preventing the small value inductor from  saturation. current limiting is implemented by  monitoring the output mosfet current  build-up during conduction, and upon sensing  an over-current conduction immediately  turning off the switch for the duration of the  oscillator cycle. the current through the  output mosfet is monitored and compared  against a reference signal. when the threshold  is reached, a signal is sent to the pfm  controller block to terminate the power switch  conduction. the current limit threshold is  typically set at 300ma.    overvoltage protection      since  T6309A  is  configured  as  current  source, the output voltage rises as the output  impedance increases or output is open-circuit  (e.g. fault led).   the output voltage may  exceed the 22 v maximum voltage rating of  the internal main switch. an overvoltage  protection circuit is integrated to prevent the  main switch from burning. when the output 

 te c h t m                                                                                  T6309A     tm technology inc. reserves the right                           p. 7      publication date: may. 2007  to change products or specifications without notice.  revision: a   voltage exceeds the ovp threshold voltage,  the main switch is turned off. it remains off  until the output voltage falls below the ovp  threshold voltage. the step-up converter  continues normal operation as long as the  output voltage is under the ovp threshold.     shutdown      the  T6309A  enters  shutdown  to  reduce  quiescent current under 1ua when ce pin is  low . for normal operation, drive ce high.  during shutdown, the reference, all feedback  and control circuitry are off. the boost  converter?s output drops to one schottky  diode voltage drop below the input voltage  and sw remains high impedance. the  capacitance and load at vout determine the  rate at which vout decays. the ce pin can  also be used as dimming control. more details  are in the dimming control section .    undervoltage lockout  an undervoltage lockout (uvlo) circuit  prevents fault operation of the T6309A when  input voltage is under 1.75v (typ). the device  remains off as long as the input voltage is  under the uvlo threshold.                   

 te c h t m                                                                                  T6309A     tm technology inc. reserves the right                           p. 8      publication date: may. 2007  to change products or specifications without notice.  revision: a   fb applications information    dimming control    there are several types of dimming control  circuit as follows:  1. using a pwm signal to ce pin  when using a pwm signal at ce pin, the  T6309A is turned on or off by the pwm  signal. the average led current increases  proportionally with the duty cycle of the  pwm signal. the typical frequency range of  the pwm signal is 150hz to 250hz. the  magnitude of the pwm signal should be  greater than the threshold voltage of ce  voltage high.  2. using a dc voltage    a dc voltage signal can be used as well to  control the led brightness. the dimming  control method is shown in the figure below.  when the dc voltage is  zero, the led is fully  turned on. as the dc voltage increases, the  voltage drop on r2 increases and the voltage  drop on r1 decreases. thus the led current  decreases. the selection of r1 and r2 should  make the current from the variable dc source  much smaller than the led current and much  larger than the fb pin bias current.  for v dc  range from 0v to 2v, the selection of  resistors in this figure gives dimming control  of led current from 0ma to 15ma.  following steps are used to select the resistor  values:   ? select the voltage v max  to turn the leds     off. (e.g. 2.0v)  ? select 0v as default to turn the leds fully     on.  ? select the maximum led current i max     and 0ma as the minimum led    current.  ? calculate r2 to achieve a feedback current      in the range of  i1 = 3ua to 10ua as the      leds are fully turned on:     r2 = v ref  / i1 (e.g. 0.4v/4ua =100kohm )  ? calculate r1 to meet the equation:      r1 / (r1+r2) = v ref  / v max   (e.g. v ref =0.4v, v max =2.0v, r2=100kohm,  the calculated r1 is 25kohm)  ? calculate the sense voltage vs at maximum     led current:         vs = v ref  x (1 + r1/r2)       (e.g. vs = 0.4v x (1 + 25k/100k) = 0.5v)  ? calculate the sense resistor rs:        rs = vs /  i max         (e.g. 0.5v/20ma = 25 ohm)    3. using a filtered pwm signal  the filtered pwm signal can be considered as  an adjustable dc voltage. it can be used to  replace the dc voltage source if adjustable  analog signal is not available in the system.  the circuit is shown in the figure below:  r2 100k pwm signal r1 25k r s 25 ohm T6309A 0.1nf 10k

 te c h t m                                                                                  T6309A     tm technology inc. reserves the right                           p. 9      publication date: m ay. 2007  to change products or specificati ons without notice.  revision: a   output voltage selection  4. using a logic signal    referring to fig. 4, sel ect an output voltage  for  T6309A-b  (1.19v reference) by  connecting fb to a resistive divider between  the output and gnd. the v out  can be set as:  the led current can be controlled in discrete  steps with a logic signal as shown in the  f i gure below. w h en the nmos is of f ,  r1 set  the m i nim u m  current. w h en the nmos is on,  r2 sets the led current increm ent value.  v out  = (1+r1/r2) x 1.19v  higher r1,r2 values reduce quiescent current,  but give bad noise im m unity. to keep stable  feedback loop operation and better noise  im m unity, select (r1+r2) value less than  1mohm .   fb r2 lo gic si g n a l r 1 t 6 309 a     inductor selection  the T6309A is designed to work well with a  10uh inductor in m o st applications. low  inductance values supply higher output  current, but also increase the ripple and  reduce efficiency. higher inductor values  reduce ripple and im prove efficiency, but also  lim it output current. choose a low dc- resistance inductor, usually less than 1 ohm   to m i nim i ze loss. it is necessary to choose an  inductor with saturation current greater than  the peak current that the inductor will  encounter in the application. saturation  occurs when the inductor?s m a gnetic flux  density reaches the m a xim u m  level the core  can support and inductance falls. inductor  with 600m a rating or greater would be  suitable for the T6309A.  start-up and inrush current  the T6309A has no internal soft start circuit  included to achieve m i nim u m  start-up delay.  all inductive step-up converters have higher  inrush current during start-up. the inrush  current for T6309A is about 200m a. if soft- start is required, a recom m e nded external  circuit is shown in the below figure.  fb 4. 7 k 1k r s t 6 30 9a gnd 2. 2n f d2 d1     capacitor selection  the input capacitor stabilizes the input  voltage and m i nim i zes the peak current ripple  from  the source. the value of the capacitor  depends on the im pedance of the input source   

 te c h t m                                                                                  T6309A     tm technology inc. reserves the right                           p. 10     publication date: may. 2007  to change products or specifications without notice.  revision: a   used.   small   esr ( equivalent series  resistance) ceramic capacitor with value of  1uf to 4.7uf would be suitable.  the output capacitor is used to sustain the  output voltage when the internal mosfet is  switched on and smoothing the ripple voltage.  the larger the output ripple, the larger the line  regulation, which means the led current  changes if the input voltage changes. low  esr capacitor should be used to reduce  output ripple voltage. use a 4.7uf to 10uf  ceramic output capacitor with about 50mohm  to 150mohm esr to provide stable switching  and good line regulation.    schottky diode selection     the diode is the largest source of loss in  dc-dc converters. the most important  parameters which affect the efficiency are the  forward voltage drop, v f , and the reverse  recovery time. the forward voltage drop  creates a loss just by having a voltage across  the device while a current flowing through it.  the reverse recovery time generates a loss  when the diode is reverse biased, and the  current appears to actually flow backwards  through the diode due to the minority carriers  being swept from the p-n junction. a  schottky diode with the following  characteristics is recommended:  small forward voltage, vf = 0.3 v  small reverse leakage current fast reverse  recovery time/switching speed rated current  larger than peak inductor current reverse  voltage larger than output voltage.  layout considerations  high switching frequencies make pc board  layout a very important part of design. good  design minimizes excessive emi on the  feedback paths and voltage gradients in the  ground plane, both of which can result in  instability or regulation errors.   connect the inductor, input filter capacitor,  and output filter capacitor as close to the  device as possible, and keep their traces short,  direct, and wide to reduce power loss so as to  improve efficiency. connect their ground pins  at a single common node in a star ground  configuration, or at a full ground plane.  the output capacitor should be placed close  to the output terminals to obtain better  smoothing effect on the output ripple.  in addition, the ground connection for the  sense resistor rs should be tied directly to the  gnd pin and not shared with any other  component. this ensures a clean, noise-free  connection.                         

 te c h t m                                                                                  T6309A     tm technology inc. reserves the right                           p. 11      publication date: m ay. 2007  to change products or specificati ons without notice.  revision: a   typical application circuits    fb ov p r s 20  o h m t 6309a gn d c ou t 4. 7u f d1 3 5 1 6 4 2 i le d =20m a of f on c in 4. 7u f l1 1 0uh sw v in ce v in 2. 0 to 5. 5v   fig. 2  typical application for driving 4 white leds  fb ov p r1 25 k r s 25 o h m t 630 9a gn d c out 4. 7 u f di m m i n g co n t r o l 0v ~ 2 v d1 r2 10 0k 3 5 1 6 4 2 i le d =20 m a of f on c in 4. 7uf l1 10 uh sw v in ce v in 2. 0 to 5. 5 v   fig. 3  w h ite led application with dc voltage dim m i ng control  fb ov p r2 33 k t 6309a gn d c ou t 4. 7u f d1 3 5 1 6 4 2 20m a of f on c in 4. 7uf l1 1 0uh sw v in ce v in 2. 0 to 5. 5v r1 45 0k   fig. 4  typical application for line drivers or lcd bias    

 te c h t m                                                                                  T6309A     tm technology inc. reserves the right                           p. 12      publication date: m ay. 2007  to change products or specificati ons without notice.  revision: a   typical application circuits    fb ov p r s 20  o h m t 6309a gn d c ou t 4. 7u f d1 3 5 1 6 4 2 i le d =15m a of f on c in 4. 7u f l1 1 0uh sw v in ce v in 2. 0 to 5. 5v   fig. 5  typical application for driving 6 white leds  fb ov p r1 25 k r s 25 o h m t 630 9a gn d c out 4. 7 u f di m m i n g co n t r o l 0v ~ 2 v d1 r2 10 0k 3 5 1 6 4 2 i le d =15 m a of f on c in 4. 7uf l1 10 uh sw v in ce v in 2. 0 to 5. 5 v   fig. 6  w h ite led application with dc voltage dim m i ng control  fb ov p r2 33 k t 6309a gn d c ou t 4. 7u f d1 3 5 1 6 4 2 15m a of f on c in 4. 7uf l1 1 0uh sw v in ce v in 2. 0 to 5. 5v r1 45 0k   fig. 7  typical application for line drivers or lcd bias    

 te c h t m                                                                                  T6309A     tm technology inc. reserves the right                           p. 13      publication date: m ay. 2007  to change products or specificati ons without notice.  revision: a   package dimensions  sot23-6    a1 a b b1 b2 c c1 c2 d e f g h i       dimension in mm  dimension in inch  symbol  m i n .   t y p .   m a x .   m i n .   t y p .   m a x .   a   2 . 6 0   2 . 8 0   3 . 0 0   0 . 1 0 2   0 . 1 1 0   0 . 1 1 8   a 1   1 . 4 0   1 . 5 7 5   1 . 6 0   0 . 0 5 5   0 . 0 6 2   0 . 0 6 3   b   2 . 7 0   2 . 8 5   3 . 0 0   0 . 1 0 6   0 . 1 1 2   0 . 1 1 8   b 1     1.90(b s c )       0.075(b s c )   b 2     0.95(b s c )       0.037(b s c )   c   0 . 9 5   1 . 2 0   1 . 4 5   0 . 0 3 7   0 . 0 4 7   0 . 0 5 7   c 1   0 . 9 0   1 . 1 0   1 . 3 0   0 . 0 3 5   0 . 0 4 3   0 . 0 5 1   c 2   0   0 . 0 7 5   0 . 1 5 0   0   0 . 0 0 3   0 . 0 6   d     0 . 4 0       0 . 0 1 5     e   0 . 3 0   0 . 4 5   0 . 6 0   0 . 0 1 2   0 . 0 1 8   0 . 0 2 3   f   0 . 0 8   0 . 1 5   0 . 2 2   0 . 0 0 3   0 . 0 0 6   0 . 0 0 9   g     0.60(r e f )           h     0~ 8 x   i  5~ 15 x   5 ~ 15 x    
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