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 2004 oct 15 2   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 contents 1 features 2 general description 3 quick reference data 4 ordering information 5 pinning information 5.1 pinning layout 5.2 pin description 6 block diagram 7 functional description 7.1 OM5448 function 7.2 voltage reference 7.3 enable input (en pin) 7.4 set output current  threshold (seti pin) 7.5 saturation voltage threshold detector 7.6 monostable time delay 7.7 output drive transistor 7.8 choke selection: efficiency 8 limiting values 9 characteristics 10 application information 10.1 circuit design considerations 10.2 simple pulse driven led circuit 10.3 dc led drive 10.3.1 performance graphs for dc led drive, efficiency 10.3.2 seti graphs against led current 10.4 switched led brightness 10.5 series and parallel led connection 10.6 supply volt age sensitivity 10.7 compensation of output drive current against  supply voltage variation 10.8 led drive temperature sensitivity 10.9 voltage boost power supply 10.10 regulated boost power supply 10.11 voltage mult iplier power supply 10.12 regulated voltage  multiplier po wer supply 10.13 negative regulated power supply 10.14 use of pin seti as a control input 10.15 use of enable (pin en) as a control input 11 package outline 12 soldering 12.1 introduction 12.2 dip 12.2.1 soldering by dipping or by wave 12.2.2 repairing  soldered joints 12.3 so 12.3.1 reflow soldering 12.3.2 wave  soldering 12.3.3 repairing  soldered joints 13 definitions 14 ies information 15 disclaimer

 2004 oct 15 3   integrated electronic solutions,  hendon, south australia data sheet low voltage led driver and boost  converter OM5448 1 features ? low voltage operation down to 1 volt ? low component count circuit ? adjustable power output with current setting resistor ? external enable input ? high efficiency ? internal oscillator timing ? available in five pin sma ll outline (sot23-5) package 2 general description the OM5448 is a low voltage bipolar integrated circuit  operational down to 1 volt. it boosts the available supply  voltage to enable it to drive an led (light emitting diode) or  other load. its design arises from over 20 years of ies  experience in the design and manufacture of led drive  integrated circuits for use in warning lamps. its most important ch aracteristic is its  ability to provide led  drive from a single or dual cell battery providing higher dc  voltages for special applications, or a sufficient boosted  voltage to overcome the higher voltage required to drive an  led. using an external choke to provide the voltage boost, the  flyback voltage on the choke can be used directly to drive  the led in pulsed mode, or rectified to give a dc voltage  led drive or power supply output by using a diode and  capacitor. while the OM5448 output (op)  is on the current in the  choke increases. it is held lo w until it reaches an internal  current level threshold set by a resistor from the seti pin  to vee. the output drive th en switches off for a period  set internally in the OM5448. at the end of this time op is  switched on again. the enable input provides an electronic control to disable  the OM5448 output, when pulled low it switches the  OM5448 into a low current standby mode. it can drive a single led or multiple leds in series and/or  parallel up to a maximum voltage on op of 14 volts. the  peak output voltage is also limited to 14 volts when used in  the voltage boost application. 3 quick reference data unless otherwise specified all voltages are specified with respect to v ee . operating input supply voltage range v sup 1 to 3.5 v maximum output voltage (peak) v opmax 14 v maximum output load current (average) i outavg 250 ma maximum output current (peak) i outmax 500 ma supply current in active mode (op high, off) i active 700   a typ. supply current in acti ve mode (op low, on) i active 1.7 ma typ supply current in standby mode i stb 250   a typ. oscillation frequency f op 80 khz typ. enable threshold voltage (referred to vcc) v en ? 590 mv total power dissipation p tot 200 mw max operating ambient temperature range t amb ? 40 to +85   c maximum operating junction temperature t jmax 150   c 4 ordering information type  number package name description version OM5448 so23-5 plastic small outline package; 5 leads; body width 1.6 mm sop-003

 2004 oct 15 4   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 5 pinning information 5.1 pinning layout 5.2 pin description /-      6## 6%% 3%4) /0 %. fig.1  pin configuration symbol pin description vcc 1 positive supply vee 2 negative supply seti 3 set output trip current op 4 output drive, active low en 5 enable, active high 6block diagram 6##  6%%  2eference 6oltages 6## 
 6 6%%6 %.  %nable control comparator /utputdrive circuit 3etoutput basedrive current /utputvoltage thresholddetector comparator -onostable timedelay 3%4)  /0  /./&& 6 350 2 3%4) #(/+% ,%$ fig.2  block diagram

 2004 oct 15 5   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 7 functional description 7.1 OM5448 function the OM5448 is an inductive boost  converter ic designed to operate to a  very low voltage. using a bipolar  process, it will operate down to a  supply voltage of 1 volt, making it  suitable for use from a single 1.2 volt  rechargable battery. it operates by switching on an  npn output drive transistor which is in  series with a choke between v cc  and  v ee . when the output transistor is  switched on, the current flowing in  the choke increases at a rate  determined by the voltage across the  choke and its inductance. incorporated in the OM5448 is a  threshold detector monitoring the  collector voltage of the output  transistor. the base drive current of  the output transistor is limited and as  the transistor becomes base current  starved and it pulls out of saturation  the collector voltage starts to rise  towards the interna lly set switching  threshold. when the collector voltage reaches  this threshold, the base drive is  switched off, open circuiting the op  transistor. the current flowing in the  inductance of the choke acts to  ensure that the saturation current  flowing at that time continues to flow,  and raises the collector voltage on the  transistor. the collector voltage must not be  allowed to increase to the maximum  rated output voltage, and is usually  caught by the load circuit at a voltage  more positive than v cc . for example  the load in the most simple circuit can  be led diodes having a forward  conduction voltage greater than the  available battery voltage but less than  the maximum voltage permitted on  op. in the OM5448 the off time is fixed  internally in the ic  chip, and after this  time has elapsed the output drive is  turned on again, allowing the  inductance current to increase again  towards the threshold. depending on the external  components used (current setting  resistor, choke inductance, and choke  resistance) the OM5448 inverter may  operate either with the choke current  falling to zero befo re the internally  generated off period has elapsed,  or in the mode where the current does  not fall to zero before op is again  switched on and is  pulled low. in this  second mode the choke current is  modulated between the peak  switching threshold set by the seti  resistor, and the current level to which  it has fallen at the end of the internally  set off period. 7.2 voltage reference a voltage reference circuit in the  OM5448 offers a voltage clamped to  1.2 volts to provide a reference for  two purposes: first is to give a stable  reference for the output collector  threshold detector. the 1.2 v  reference is divided in a resistive  voltage divider to give a reference of  150 mv for the collector saturation  voltage threshold comparator. the second use of the reference  provides a v be  voltage of about 0.6  volts below v cc  to set the  threshold of  the enable comparator. if the battery voltage v cc  is less than  1.2 v it the reference follows v cc .  when v cc  is greater than 1.2 volts it  is clamped to 1.2 v. 7.3 enable input (en pin) the enable control comparator has a  small constant current pull-up source  driving the en pin; so that if this pin is  not connected it is pulled high, and  the OM5448 is active. en can also be  connected to v cc . if it is pulled low, for example by  connecting it to v ee , the OM5448 is  inactive, and the output is held  switched off. the en pin can be also used in an  active control circuit to close a  regulating loop, offering a controlled  output voltage or current. 7.4 set output current  threshold (seti pin) the base drive to the output transistor  is set by a resistor connected from the  seti pin to vee. this resistor can be  varied over a wide range to allow the  output power to be adjusted to suit the  intended load. 7.5 saturation voltage  threshold detector a long tailed pair comparator  monitors the collector voltage of the  output transistor . the saturation  voltage of the transistor is divided by  a resistor network so that when the  collector voltage reaches the desired  v ce(sat)  voltage of 450 mv, the  voltage at the comparator input is  reduced to ty pically 150 mv. this overcomes the problem that  without this divider, the sum obtained  by adding the saturation voltage of  the output transistor voltage to the  voltage of the long-tail comparator?s  emitter current source (100 mv) plus  its vbe for the comparator input  transistor (600 mv) giving a total of  1.15 volts; well above the required  1 volt target minimum operating  voltage for single  cell rechargeable  operation. by dividing the saturation  voltage to 150 mv the total is reduced  to 850 mv, and 1 volt performance is  assured. the temperature coefficient of the  v be  also demands an adequate  voltage margin to ensure proper  operation at low temperatures. 7.6 monostable time delay when the v ce(sat)  trip level of the  output transistor is reached, and 

 2004 oct 15 6   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 on/off latch is sw itch to its off  state. this initiate s a time delay by  applying the turn-off switching edge  to a series string of injection logic  gates (integrated injection logic, i 2 l).  when the off transi tion reaches the  end of this series string of gates (the  sum of the gate delays) it resets the  on/off latch, and turns on the drive  to the output transistor again. 7.7 output drive transistor the output drive transistor has been  designed to have a low saturation  voltage and high current gain. for  most of the on time it is well in  saturation with only a low voltage  drop lost across the transistor.  towards the end of the conduction  part of the cycle when it pulls out of  saturation, the voltage rises quickly  with the increasing current minimising  this inefficient part of its operating  cycle. it is possible to obtain efficient  performance from the OM5448 output  circuit and its chosen switching  threshold. 7.8 choke selection: efficiency the optimum choke inductance for  the OM5448 has been found to be  220  h. this offers the best balance  between cost and performance. in  addition to the optimum value of the  inductance, the core must not  saturate at the peak current. also the  winding resistance can add  significantly to the energy losses, and  therefore for the best efficiency of the  circuit the choke resistance needs to  be minimised. simple calculations indicate that  some of the source of losses in the  OM5448 circuit can be identified. for  example, operating from a 1.2 volt  battery an average conduction time  saturation voltage of 60 mv across  the output transistor will lose 5% of  the battery voltage (and hence  energy) in the transistor. in addition a peak current of 200 ma  and a coil resistance of 1.6 ohms  means that a further 320 mv of  battery voltage is  effectively lost. if an led is driven with an average  current of 20 ma, with a peak current  of 50 ma, the peak voltage loss  across the inductor?s effective  resistance is 80 mv, and of a  comparable order of magnitude to the  transistor losses. a further source of losses arises from  any internal series resistance  provided by the power supply and the  load. for example, the effective  series resistance of a power supply  filter capacitor can offer a significant  loss of efficiency: a low effective  series resistance capacitor is needed. 8 limiting values in accordance with the absolute maximum rating system (iec 134). all voltages are specified with respect to v ee . note 1. mounted on an fr4 printed circuit board 8mm x 10mm x 0.7 mm. symbol parameter conditions min. max. unit v cc supply voltage ? 0.5 3.5 v i supply maximum current, v cc  pin current in ? 1500ma v op output voltage, op pin ? 0.5 14 v i op maximum current, op pin current in ? 1500ma v seti input voltage, seti pin v ee   ?  0.5 v cc  + 0.5 v i seti maximum current, seti pin current out ? 150ma v en input voltage, en pin v ee   ?  0.5 v cc  + 0.5 v i en maximum current, en pin ? 11 ma p tot total power dissipation ? 200 mw t stg storage temperature ? 40 +150  c t amb operating ambient temperature ? 40 +85  c t jmax maximum junction temperature ? +150  c r thj-a thermal resistance from junction to  ambient, see note 1 ? +500 deg k/w

 2004 oct 15 7   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 9 characteristics at t amb  = 25  c; voltages are specified with respect to v ee  (pin 2). unless  otherwise specified. symbol parameter conditions min typ max unit power supply v cc supply voltage (operating) 1 ? 3.5 v supply current, v cc , (pin 1) i sup(standby) standby supply current v en  = v ee ? 250 ? a i sup(run) operating supply current v en  = v cc  = 1.2 v, r seti   = 4.7 k ? , (~20ma i op ) ? 700 ? a i sup(run) operating supply current v en  = v cc  = 2.4 v, r seti   = 68 k ? , (~20ma i op ) ? 400 ? a efficiency  operating efficiency, see  figure 4 for the circuit v cc  = 1.2 v, v op  = 3.1 v v cc  = 2.4 v, v op  = 3.1 v ? ? 70 80 ? ? % % output drive, op (pin 4) v op(max) output drive voltage maximum care must be taken that  the flyback voltage on the  output pin vp does not  exceed v op(max) . ?? 14 v v op(sat) output switching threshold  (output transistor saturation  voltage) output drive current at  which this threshold  voltage is reached is set  by choice of rseti ? 450 ? mv f op oscillator frequency inductor = 220   h  (r s  < 1.6  ? ) ? 80 ? khz set peak output current, seti (pin 3) v seti voltage on seti pin v cc  = 2.4 v, i op  = 20 ma  inductor = 220   h (r s  =  1.6  ? ), r seti  = 78 k ? v cc  = 2.4 v, iop =  250 ma, inductor =  100  h (r s  = 0.09  ? ),  r seti  = 78 k ? v cc  = 2.4 v, iop =  1.2 ma, inductor =  220  h (r s  = 1.6  ? ),  r seti  = 78 k ? ? ? ? v cc   ?   1v v cc   ?   2.15 v v cc   ?   0.73 v ? ? ? v v v enable input, en (pin 5) i en pull-up current v en  = 0 v, v cc  = 2.4v 1.5 2.5 4.0  a ? v en enable switching threshold v en  with respect to v cc ,  v cc  = 2.4v ?? 590 ? mv

 2004 oct 15 8   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 10 application information 10.1 circuit design  considerations a series of circuit examples are  suggested. these offer a number of  application ideas for use of the  OM5448. they have been chosen to  illustrate the differ ent ways in which  the OM5448 can be used, and show  how different circuit options can be  chosen to emphasise the useful  possibilities of this low voltage circuit. the first circuit is the simplest, using a  single led load driven by a pulsed  forward current drive (without filtering)  during the flyback off time of the  OM5448. care must  be taken to  ensure that the peak pulse current  remains within th e pulse current  rating of the led data sheet. different circuit features discussed  include the following: ? pulsed led drive ? dc led drive ? multiple leds, in  series or parallel ? active control of the seti input ? battery voltage compensation for  led current drive ? simple boost power supply circuits ? enable input control ? regulated power supply ? voltage multiplier circuit ? regulated voltage multiplier the OM5448 operation sees  increasing current in the inductor  while it is being driven during the on  period of the output drive. during the  off time this same current flows into  the load voltage with the inductive  effect generating the necessary  voltage above the v cc  supply rail to  drive the load. thus a circuit used to  drive a 2.4 volt load from a 1.2 volt  supply will at a first approximation,  have a duty cycle of 50% with equal  times for the output on and off. if the load is increased to 4.8 volts,  then the on time becomes 75% of the  cycle, and the off time 25%. thus  the proportion of the cycle time spent  driving the output decreases as it is  required to drive a higher output  voltage. in addition, this decreasing duty cycle  implies that the output current  available must decrease as the  voltage is increased. 6## 6%% 3%4) /0 %. /- 2 k , (  7 ,%$ 6batt 6 fig.3  simple pulse driven led circuit 10.2 simple pulse driven led  circuit this application circuit in figure 3 has  the lowest component count. in this  circuit it is shown driving a single led  with pulsed current  drive. when the  output is on,andpin op is held low,  the current increases through the  choke l1 until the internally set  current threshold is reached and the  op transistor is turned off. the  inductive action seeking to maintain  the current flow in l1 raises the  voltage on the junction of op and the  led above the supply rail vcc until  there is sufficient voltage for the led  to conduct. thus the current in the  inductance continues to flow in the  led for a fixed period while op is  off. during this time the current falls  at a rate determined by the led  forward voltage plus the effective  voltage drop in the inductor?s  resistance less the supply voltage. as the led current is pulsed, the  peak current must remain below the  maximum peak current rating of the  led. if ratings are exceeded the  operational life of the led may be  threatened.

 2004 oct 15 9   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 the value of the current setting  resistor r1 must be chosen to give  the required average led current and  hence brightness. the required value of r1, and the  operating duty cycle will change  depending on the forward voltage  drop of the led. for example, 2.1 volt  amber led will run with a longer  conduction time each cycle when  compared with a white led with a  typical forward voltage drop of 3.2  volts. for a similar average current  the peak current in the white led will  be higher due to its lower duty cycle  (shorter conduction time). this circuit will also drive a white led  from a 2.4 volt supply. note that 2.4 volts  is greater than the  forward voltage of an amber led, so  the led will already  be conducting at  the nominal battery voltage, and the  circuit will not work. 6## 6%% 3%4) /0 %. /- 2 k $"!4 # & , (  7 ,%$ 6batt 6 fig.4  dc driven led circuit 10.3 dc led drive the circuit shown in figure 4 adds a  schottky diode and filter capacitor to  the previous circuit. the schottky  diode carries current when the  voltage on the junction of pin op, the  inductor, and the anode of the  schottky diode is positive with respect  to v cc  while op is off. the inductor  current flows through d1 to provide  stored charge in filter capacitor c1. therefore the led in this circuit is  driven with a near dc current, and  there are no problems with respect to  its pulse rating being exceeded. a normal small signal silicon diode  can be used, but its increased forward  voltage drop will resu lt in lower circuit  efficiency. as has been mentioned  elsewhere, the effective series  resistance of capacitor c1 is also a  factor in how effici ently the circuit will  perform. the value for r1 is chosen to give the  target led current at nominal  operating voltage. for example the component values  shown in this circuit (figure 4) are for  an amber led carrying an average  current of 20 ma. to drive a white led at 20 ma the  value of r1 becomes 5.6 k. if the battery voltag e is increased to  2.4 volts, then the values of r1  needed for a 20 ma white led drive  becomes 82 kilohms. as 2.4 volts  exceeds the sum of the forward  voltage of an amber led and the  forward voltage of the schottky diode  d1, at 2.4 volts this circuit is  unsuitable for driving an amber led. 10.3.1 p erformance   graphs   for   dc  led   drive ,  efficiency in the following graphs, shown in  figures 5, 6 and 7, efficiencies are  compared for a number of variants of  the circuit in figure 3 and figure 4.  efficiency is plotted for the average  led current x led voltage at an  equivalent dc current as a proportion  of the input power (average input  current x dc battery voltage). the first two are for white led drive,  first (fig 5) in pulse mode, and the  second (fig 6) in dc mode.

 2004 oct 15 10   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 fig.5  OM5448 efficiency when driving a white led (v f  = 3.1 v at 20 ma) in pulse mode. see figure 3.  for 1.2 volt and 2.4 volt supply. led current vs efficiency for OM5448 with white led, no cap or diode 0 10 20 30 40 50 60 70 80 90 10 0 5 10 15 2025303540 led current (ma) efficiency (%) 100uh (no cap, no diode, 2v4) 220uh (no cap, no diode, 2v4) 100uh (no cap, no diode, 1v2) 220uh (no cap, no diode, 1v2) fig.6  OM5448 efficiency when driving a white led in dc mode. see figure 4. for 1.2 volt and 2.4 volt supply. led current vs efficiency for OM5448 with white led, 10uf cap and diode 0 10 20 30 40 50 60 70 80 90 10 0 0 5 10 15 20 25 30 35 40 45 led current (ma) efficiency (%) 100uh (10ucap, diode, 2v4) 220uh (10ucap, diode, 2v4) 100uh (10ucap, diode, 1v2) 220uh (10ucap, diode, 1v2)

 2004 oct 15 11   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 the third graph in figure 7 shows the  efficiency against led current for an  amber led. both the pulsed circuit  (figure 3) and the dc drive circuit  (figure 4) are shown on this graph. it should be noted th at in the pulsed  circuit the efficiency falls more quickly  at high currents because of the  relatively high resistance of the  220  h inductor. as the typical forward voltage drop of  an amber led is 2.1 volts at 20 ma,  and significant forward current flows  at about 1.6 volts, the amber led  cannot be driven from a 2.4 volt  supply. fig.7  comparison of efficiency of 1.2 volt amber le d circuit, pulsed drive and dc drive (figures 3 & 4). led current vs efficiency for OM5448 with amber led, 1.2v supply 20 30 40 50 60 70 80 90 10 0 5 10 15 2025303540 led current (ma) e ffic ie n c y (% ) 220uh (no cap, diode) 100uh (no cap, diode) 220uh (10ucap, diode) 100uh (10ucap, diode) 10.3.2 seti  graphs   against  led  current the graphs in figures 8 and 9 show  the value of the resistor r1 connected  to the seti pin in the dc led drive  circuit of figure 4. as can be seen for the graphs, the  choice of led current and colour set  the output power, and therefore all  factors which contribute to losses  (and thus efficien cy) will need to be  compensated for in the choice of r1  (r seti ) for that given output  requirement. thus each possible  inductor value (and series resistance)  and power supply volt age will result in  a different r seti  vs led current  curve. 10.4 switched led brightness the circuit in figure 10 is able to be  switched between two levels of led  brightness. by using switch sw1 on  the seti pin with a second current  setting resistor r2, actuation of the  switch changes the set current and  hence the brightness. other ideas might be suggested for  setting brightness: for example use of  a potentiometer in series with a fixed  resistor will o ffer continuously  variable light levels between a  minimum and maximum figure.

 2004 oct 15 12   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 fig.8  seti resistance against led current for both  amber and white leds (1.2 v, circuit figure 4). o ut put  curre nt  vs s e ti re sist or for o m5 4 4 8  wit h 1.2 v  supply 0 5 10 15 20 25 30 35 40 5 10 15 202530 354045 led current (ma) s e ti re sista nc e  (kohms) 100uh 1.6ohms amber 100uh 0.7ohms amber 220uh 1.6ohms amber 100uh 1.6ohms white 100uh 0.7ohms white 220uh 1.6ohms white fig.9  seti resistance against led current fo r a white led (2.4 v, circuit figure 4). o ut put  curre nt  vs s e ti re sist or for o m5 4 4 8  wit h 2 .4 v  supply 0 50 10 0 15 0 200 250 5 10 15202530354045 led current (ma) s e ti re sista nc e  (kohms) 100uh 1.6ohms white 100uh 0.7ohms white 220uh 1.6ohms white

 2004 oct 15 13   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 6## 6%% 3%4) /0 %. /- 2 k $"!4 # & , (  7 ,%$ white 6	 6batt 6 2 k 37 37open) ,%$ m! closed) ,%$ m! fig.10  OM5448 led drive circuit with switched light level using the r seti  input. 10.5 series and parallel led  connection earlier application circuits have  shown single led drive. however the  OM5448 is also suitable for driving  multiple leds in either series or  parallel connection. figure 11 shows  the OM5448 driving four leds in a  series/parallel combination. with parallel connection, current  sharing can be forced by including a  small series resistor with each led  (see figure 12), but in this circuit  below it has been found that the slope  of current vs voltage for the forward  biased led ensures sufficient  matching of the parallel leds for the  intended ap plication. 6## 6%% 3%4) /0 %. /- 2 k $"!4 # & , (  7 ,%$ ,%$ ,%$ ,%$ 6batt 6 fig.11  series and parallel led drive using the OM5448

 2004 oct 15 14   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 6## 6%% 3%4) /0 %. /- 2 k $"!4 # & , (  7 ,%$ 6batt 6 2  7 ,%$ 2  7 ,%$ 2  7 fig.12  parallel led drive using the OM5448 (with current sharing resistors). in figure 12 4.7 ohm resistors have  been used in series with each of the  three parallel leds to force current  sharing. at 20 ma the voltage drop  across th e resistors will be  approximately 100 mv. series led connection is shown in  figure 13. three series leds have  been shown, although a larger  number can be driven up to the  maximum voltage allowed on v op   (14 v). as the output voltage increases, the  output drive part of each cycle  becomes shorter, and the output drive  duty cycle falls.  this needs higher  peak currents in the inductor to  maintain a sufficient average led  load current. 6## 6%% 3%4) /0 %. /- 2 k $"!4 # & , (  7 ,%$ 6batt 6 ,%$ ,%$ fig.13  series led drive using the OM5448

 2004 oct 15 15   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 10.6 supply voltage sensitivity as the base drive to the output  transistor in the OM5448 is set by the  input current to th e seti pin, the  resulting led current is therefore  dependent on the voltage across the  seti resistor r1. the graph in figure 14 shows this  dependence for a 1.2 volt circuit  driving a white and an amber led  using the dc drive circuit of figure 4.  each circuit was set to 20 ma led  current at 1.2 v, and then the  variation of output current was plotted  as the supply voltage was changed.  of course a real battery supply will not  normally offer this wide variation in  operating voltage. a similar graph for a white led  operating at 2.4 volts is shown in the  following graph, figure 16. this graph  also includes a curve for a circuit in  which the voltage sensitivity is  compensated with a simple external  circuit. fig.14  variation of output current against supply voltage. supply voltage vs average output current 0.0 5.0 10 . 0 15 . 0 20.0 25.0 30.0 35.0 40.0 45.0 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 supply volt age ( volt s) led current  ( ma) whit e led current , 1.2v supply, 5k4 seti resist or amber led current , 1.2v supply, 9k38 seti resist or 10.7 compensation of output  drive current against supply  voltage variation it is possible to use a simple active  circuit external to the OM5448  connected to the seti pin to  compensate for the variation in supply  voltage. the compensating circuit is shown in  figure 15, giving the resulting graph in  figure 16 in which the compensated  and uncompensated led current  against supply voltage is compared  for a white led set up for 20ma led  current from a 2.4 volt supply. in this circuit a 1.2 volt reference is  generated by the two series forward  biased diode in d1a and d1b. this  then applied to the base of tr1. the  emitter of tr1 is connected to the  junction of r1 and r2 which form a  voltage divider from the supply  voltage. this is equivalent to the  divided voltage in series with a  resistor to the emi tter equal to the two  resistors in parallel. as the supply voltage varies, the input  current to seti is almost equal to the  current in this equivalent emitter  resistor. this has been designed to  track the variation in supply voltage  and compensate so that the load  current in the led remains constant  over the battery operating range. as can be seen from figure 16, from  2.2 to 3 volts the led current is nearly  constant.

 2004 oct 15 16   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 6## 6%% 3%4) /0 %. /- $"!4 # & , (  7 6batt 6 ,%$ white 6	 $a "!6 $b "!6 2 k 2 k 2 k 42 "#" fig.15  simple stabilization circuit for le d current variation aga inst supply voltage. fig.16  led curr ent against supply vo ltage, showing stabilized and uncomp ensated curves  (fig 15 & 4).

 2004 oct 15 17   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 10.8 led drive temperature  sensitivity the variation of led current with  temperature is shown in figure 17. the increase in led current with  increasing temperature provides  compensation for any reduction in  light output, and the ability to see the  led light in hotter environments, as  well as tracking the lower output  provided by cold batteries. fig.17  led current against temperature. white led, circuit figure 4. temperature vs output current 0.0 5.0 10 . 0 15 . 0 20.0 25.0 30.0 35.0 40.0 -50-250 255075100125150 temperature (deg c) led current (ma) whit e led current , 2.4v supply whit e led current , 1.2v supply

 2004 oct 15 18   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 10.9 voltage boost power supply the OM5448 is suit able for providing  a boosted higher voltage power  supply from single or double cell  battery circuits. the most simple  boost power supply circuit is that  shown in figure 18. the circuit is the same as the dc led  drive circuit of figure 4, except that the  led has been replaced by a zener  diode. the disadvantage of this circuit  is that if the load current varies over a  wide range, the current carried in the  zener is wasted energy at times of low  load. a regulated supply would be  much better if the load on the battery  was only a little more than that  needed by the load. such a regulating  circuit is shown in figure 19. these circuits are limited to an output  voltage of a little more than 12 volts,  otherwise the maximum voltage  permitted on pin op  will be exceeded. 6## 6%% 3%4) /0 %. /- 6batt 6 , ( 2 k :$ ":8 # $ "!4 # & 6out 6 fig.18  voltage boost power supply circuit using the OM5448. 6## 6%% 3%4) /0 %. /- 6batt 6 , ( 2 k 2 k 42 "# :$ ":8 #6 2 k $ "!4 # & 6out 6 fig.19  regulated boost power supply circuit using the OM5448.

 2004 oct 15 19   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 10.10 regulated boost power  supply in the circuit of the regulated boost  power supply in figure 19 the OM5448  provides drive to the output regulating  circuit until the zener diode begins to  conduct. when the zener diode  conducts, and suffici ent current flows  through r3 to provide sufficient  voltage to start to turn on transistor  tr1, the collector of tr1 will start to  pull the enable pin en low, turning off  the OM5448. in this way the OM5448 only runs  when needed to provide output  current, and its input current demands  will track the load. this is a much  more efficient circuit than the circuit of  figure 18 which is not load regulated. as in figure 18, the output voltage is  limited to 14 volts peak on pin op  (about 12 volts regulated output  voltage). 6## 6%% 3%4) /0 %. /- 2 k , (  7 6batt 6 $a $b $"!3 # # $a $b # # $a $b # # # #to#n& $to$"!6 & 6 6out 6 $# :$ ":8 # fig.20  voltage multiplier boost power supply circuit using the OM5448. 10.11 voltage multiplier power  supply the voltage output of the OM5448  can be multiplied  to offer larger  voltages greater than the maximum  voltage allowed on pin op. an  example of such an application circuit  is shown in figure 20. this example circuit is not regulated,  and uses the zener zd1 to clamp the  output pin to a safe voltage. 10.12 regulated voltage multiplier  power supply with a few additional components the  circuit in figure 20 can be given a  voltage regulated output voltage. zener diode zd1 is  still needed to  prevent excessive voltage on pin op,  and a second zener provides  feedback of the output voltage to the  enable pin en to switch off the  OM5448 when the voltage out  reaches its required value. while small signal diodes are shown  in the voltage multiplier circuit,  performance may be improved if  schottky diodes are used, minimising  forward voltage drop.

 2004 oct 15 20   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 6## 6%% 3%4) /0 %. /- , (  7 2 k 2 k 42 "# :$ ":8 # 2 k $a $b # # $a $b # # $a $b # # # #to#n& $to$"!6 & 6 6out 6 $# :$ ":8 # 6batt 6 $"!3 $b # # $a fig.21  regulated voltage multiplier boost power supply circuit using the OM5448. 10.13 negative regulated power  supply the circuit shown in figure 22 shows  how the OM5448 can generate a  regulated -5 volt supply from a single  cell battery. the pulsed signal on op  is level shifted in a capacitor, and  rectified to provide the negative  output voltage. this output voltage is  monitored, and once it has reached  the set negative level the enable pin  en is pulled low, disabling the  OM5448, and preventing further  charging until the voltage has fallen  back below the set negative  magnitude. 10.14 use of pin  seti as a control  input as has been seen in the example  circuit above, the current flowing into  the seti pin can be varied to give an  adjustable output from the OM5448.  this can be done mechanically by  switching in other resistances, by use  of a continuously variable  potentiometer, or via electronic  feedback to control the output power  by electronic means. 10.15 use of enable (pin en) as a  control input in addition to being able to vary the  output power via the seti pin, the  enable input is also used in the circuit  above to disable the OM5448, and to  use this control in put to limit the  power needs of the circuit.

 2004 oct 15 21   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 6## 6%% 3%4) /0 %. /- 6batt 6 , ( 2 k 2 k 42 "# :$ ":8 #6 6out n6 :$ ":8 # # & #n& $a "!6  $b "!6  fig.22  negative regulated power supply from single cell supply using the OM5448.
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 2004 oct 15 23   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 12 soldering 12.1 introduction there is no soldering method that is  ideal for all ic packages. wave  soldering is often preferred when  through-hole and surface mounted  components are mixed on one  printed-circuit board. however, wave  soldering is not always suitable for  surface mounted ics, or for  printed-circuits with high population  densities. in these situations reflow  soldering is often used. this text gives a very brief insight to a  complex technology. a more in-depth  account of soldering ics can be found  in philips?  ?ic package data book?   (order code 9398 652 90011). 12.2 dip 12.2.1 s oldering   by   dipping   or   by   wave the maximum permissible  temperature of the solder is 260  c;  solder at this temperature must not be  in contact with the joint for more than  5 seconds. the total contact time of  successive solder waves must not  exceed 5 seconds. the device may be mounted up to the  seating plane, but the temperature of  the plastic body must not exceed the  specified maximum storage  temperature (t stg max ). if the  printed-circuit board has been  pre-heated, forced cooling may be  necessary immediately after  soldering to keep the temperature  within the permissible limit. 12.2.2 r epairing   soldered   joints apply a low voltage soldering iron  (less than 24 v) to the lead(s) of the  package, below the seating plane or  not more than 2 mm above it. if the  temperature of the soldering iron bit is  less than 300  c it may remain in  contact for up to 10 seconds. if the bit  temperature is between  300 and 400  c, contact may be up to  5 seconds. 12.3 so 12.3.1 r eflow   soldering reflow soldering techniques are  suitable for all so packages. reflow soldering requires solder  paste (a suspension of fine solder  particles, flux and binding agent) to be  applied to the printed-circuit board by  screen printing, stencilling or  pressure-syringe dispensing before  package placement. several techniques exist for  reflowing; for example, thermal  conduction by heated belt. dwell  times vary between  50 and 300 seconds depending on  heating method. typical reflow  temperatures range from  215to250  c. preheating is necessary to dry the  paste and evaporate the binding  agent. preheating duration:  45 minutes at 45  c. 12.3.2 w ave   soldering wave soldering techniques can be  used for all so packages if the  following conditions are observed: ? a double-wave (a turbulent wave  with high upward pressure followed  by a smooth laminar wave)  soldering technique should be  used. ? the longitudinal axis of the  package footprint must be parallel  to the solder flow. ? the package footprint must  incorporate solder thieves at the  downstream end. during placement and before  soldering, the package must be fixed  with a droplet of adhesive. the  adhesive can be applied by screen  printing, pin transfer or syringe  dispensing. the package can be  soldered after the adhesive is cured. maximum permiss ible solder  temperature is 260  c, and maximum  duration of package immersion in  solder is 10 seconds, if cooled to less  than 150  c within 6 seconds. typical  dwell time is 4 seconds at 250  c. a mildly-activated flux will eliminate  the need for removal of corrosive  residues in most applications. 12.3.3 r epairing   soldered   joints fix the component by first soldering  two diagonally- opposite end leads.  use only a low voltage soldering iron  (less than 24 v) applied to the flat part  of the lead. contac t time must be  limited to 10 seconds at up to 300  c.  when using a dedicated tool, all other  leads can be soldered in one  operation within 2 to 5 seconds  between 270 and 320  c.
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 2004 oct 15 27   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 13 definitions 14 ies information postal address: integrated electronic solutions po box 2226 port adelaide sa 5015 australia street address: integrated electronic solutions 1 butler drive hendon sa 5014 australia telephone: +61 8 8348 5200 facsimile: +61 8 8243 1048 world wide web: www.integratedelectronicsolutions.com email: ies@ies.sa.com.au data sheet status engineering sample  information this contains draft information describing an engineering sample provided to  demonstrate possible function and feasib ility.engineering samples have no guarantee  that they will perform as  described in all details. objective specification this data sheet contains target or goal specifications for product development.  engineering samples have no g uarantee that they will func tion as described in all  details. preliminary specification this data sheet contains preliminary data; supplementary data may be published later.  products to this data may not yet have be en fully tested, and their performance fully  documented. product specification this data sheet contains final product specifications. limiting values limiting values given are in accordance with the absolute maximum rating system (iec 134). stress above one or  more of the limiting values may cause permanent damage to the device. these are stress ratings only and operation  of the device at these or at any other conditions above thos e given in the characteristics sections of the specification  is not implied. exposure  to limiting values for extended per iods may affect device reliability. application information where application information is given, it is advisory and does not form part of the specification.

 2004 oct 15 28   integrated electronic solutions, he ndon, south australia data sheet low voltage led driver and boost  converter OM5448 15 disclaimer integrated electronic solutions pty. ltd. (ies) reserves the right to make changes to both its products and product data  without notice. ies makes no warranty, represent ation or guarantee regarding  the suitability of its products  for any particular purpose,  nor does ies assume any liability arising out of the use or application of any ies product. ies specifically disclaims any  and all liability, including without limitat ion incidental or consequential damages. typical performance figures, where quoted may depend on the application and therefore must be validated by the  customer in each particular ap plication. it is the re sponsibility of customers to ensure th at any designs using ies products  comply with good practice,  applicable stan dards and appr ovals. ies accepts no res ponsibility for incorrect or  non-compliant use of its products, failure to meet appropriate standards and approvals in the application of ies products,  or for the correct engineering choice of other connec ted components, layout and operation of ies products. any customer purchasing or using ies product(s) for an unintended or unauthorised application shall indemnify and hold  ies and its officers, employee s, related compan ies, affiliates and dist ributors harmless against all claims, costs,  damages, expenses, and reasonable legal fees arising out of, directly or indirectly, any claim of loss, personal injury or  death associated with such unintended or unauthorised use, even if such claim alleges that ies was negligent regarding  the design or manufacture of the relevant product(s). life support applications: products of integrated electronic solutions pty. ltd. (ies) are not designed for use in life support appliances, devices or  systems, where malfunct ion can result  in personal injury . customers using or selling i es products for  use in such  applications do so at their own risk and agree to fully indemnify ies for any damages resulting from such improper use  or sale.
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