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		  Datasheet File OCR Text:


		    al5809   document number: ds36625 rev. 5 - 2   1 of  16   www.diodes.com   december 2016  ? diodes incorporated     al5809   60v two terminal constant current led driver    power di   description  the al5809 is a constant current linear led driver and  it provides a  cost-effective  two  pin  solution.  it  has  an   excellent  temperature  stability of  20 ppm/c  and  the current accuracy 5% regulated over a  wide  voltage  and  temperature  range.  the al58 09  comes  in  various  fixed  output  current  versions  removing  the  need  for  extern al  current  setting  resistors  creating  a  simple  solution  for  the  linear  driving  of  leds.  it  supports  both  the  high-side  and  low-side  driving  of  l ed  chains.    the al58 09  turns on when the voltage between in and out swings  from  2 .5 v  up to  60v  enabling  it  drive  long  led  chains.  the  floating  ground,  60 v voltage rating between input and output pins designed  to withstand the high peak voltage incurred in offline appli cations.  the  al5809  is  available  in  either  thermally  robust  package  powerdi123 or sod-123 package.   features  ?   2.5v to 60v operating voltage between two terminals  ?   robust power package up  to  1.2w   for   power di ? - 123   ?   -40c to +125c temperature range  ?   5% led current tolerance over-temperature  ?   15ma, 20ma, 25ma ,  30ma, 40ma, 50ma, 60ma, 90ma,  100ma, 120ma, and 150ma available in power di 123  package   ?   15 ma, 20ma, 25ma, 30ma, 40ma  and  50ma available in sod- 123  package ,  other current options available by request   ?   constant current with low temperature drift and high po wer  supply rejection ratio  ?   totally lead- fr ee & fully rohs compliant (notes 1 & 2)  ?   halogen and antimony free. green device (note 3)       pin assignments    in out xx y w  x 1 2 al5809      applications  ?   offline led lam ps   ?   led power supplies  ?   white goods   ?   led signs  ?   instrumentation illumination                 note s:   1. no purposely added lead. fully eu directive 2002/95/ec (rohs) & 2 011/65/eu (rohs 2) compliant.  2. see http://www.diodes.com/quality/lead_free.html for more information ab out diodes incorporateds definitions of ha logen- and antimony-free, "green"  and lead-free.  3. halogen- and antimony- free "green products are defined as those which contain    al5809   document number: ds36625 rev. 5 - 2   2 of  16   www.diodes.com   december 2016  ? diodes incorporated     al5809   typical applications circuit   vin low side led string in out xx y w  x 1 2 al5809   vin high side led string in out xx y w  x 1 2 al5809     pin descriptions     pin   name  pin   number  (power di 123)   function  in   1  led current input terminal.   for low side led string application, connect the led cathode  terminal to the   in   terminal. for high side led  string application, connect the led  anode   terminal to the  out   terminal.   out  2  led current output terminal .    for low side led string applicatio n, connect the led anode terminal to the out  terminal. for high side led  string application, connect the led cath ode terminal to the out  terminal.    functional block diagram        

   al5809   document number: ds36625 rev. 5 - 2   3 of  16   www.diodes.com   december 2016  ? diodes incorporated     al5809   absolute maximum ratings     symbol  parameters  ratings  unit  v ino ut    in   voltage relative to   out   p in   -0.3 to +80  v  i inout   led  current from   in   to   out    180  ma   esd hbm  human body model esd protection  4  kv   esd mm  machine model esd protection  400   v  t j   operating junction temperature  -40 to +1 75   c   t st   storage temperature  -55 to +1 50   c   caution:  stresses  greater  than  the  'absolute  maximum  ratings'  specified   above,  may  cause  permanent  damage  to  the  device.  these  are  stress  ratings  only;    functional operation of the device at these or any other conditions excee ding those indicated in this specification is not implied. device reliability may   be    affected by exposure to absolute maximum rating conditions for extend ed periods of time .       semiconductor  devices  are  esd  sensitive  and  may  be  damaged  by  e xposure  to  esd  events.  suitable  esd  precautions  should  be  taken   when    handling and transporting these devices.                                                                                                                   

   al5809   document number: ds36625 rev. 5 - 2   4 of  16   www.diodes.com   december 2016  ? diodes incorporated     al5809   package thermal data      package   jc   thermal resistance  junction- to -c ase    ja    thermal resistance  junction- to -ambient  p dis   t a   =  +25c, t j   =  +125c   power di 123   27.15c/w  148.61c/w (note 4)  0. 68w  power di 123   17.81c/w  81.39c/w (note 5)  1. 24w  sod- 123   69.56c/w  278.42c/w (note 6)  0. 36w    recommended operating conditions         symbol  parameter  min  max  unit  v ino ut    in   voltage r ange  relative to   out   p in   2 .5   60   v  i ino ut   led  current (note 7)  15  150   ma   t a   operatin g  ambient temperature r ange  (note 8)  - 40   +125  c       electrical characteristics  (v inout  =  3.5v) (note 9)      symbol  parameter  conditions  min  typ  max  unit  v inout   in -out supply voltage  -  t a   =  -40c to +125c  2 .5   -  60   v  i inout   i inout  current accuracy  (5% for over temperature)    al5809-15s1-7  al5809-15p1-7  t a   =  -40c to +125c  14. 25  15   15.75  ma   al5809- 20 s1 -7  al5809- 20 p1 -7  t a   =  -40c to +125c  19   20   21   al5809-25s1-7  AL5809-25P1-7  t a   =  -40c to +125c  23.75    25   26 .25  al5809- 30 s1 -7  al5809- 30 p1 -7  t a   =  -40c to +125c  28.5    30   31.5  al5809- 40 s1-7  al5809- 40 p1 -7  t a   =  -40c to +125c  38     40   42   al5809- 50 s1 -7  al5809- 50 p1 -7  t a   =  -40c to +125c  47.5  50   52.5  al5809- 60 p1 -7  t a   =  -40c to +125c  57   60   63   al5809- 90 p1 -7  t a   =  -40c to +125c  85.5  90   94.5  al5809- 100 p1 -7  t a   =  -40c to +125c  95   100   105   al5809- 120 p1-7  t a   =  -40c to +125c  114   120   126   al5809- 150 p1 -7  t a   =  -40c to +125c  142.5  150   157.5  i line   i ino ut  current line regulation  v ino ut   =  2.5v to 60v   (note 10)      t a   =  +25c  -  1  -  %  v min   minimum power up voltage  increase v ino ut   (n ote 11 )    t a   =  - 40 c  to +125c  -  1.5  -  v  t on_min   minimum on pulse width  (note 12, 13)  -  500   -  -  s   t off_min   minimum off pulse width  (note 12, 13)  -  500   -  -  s   t shdn   thermal shutdown   junction temperature   (note 14)  -  -  +165  -  c  t hys   thermal shutdown hysteresis  -  -  -  +30  -  c  note s:   4. test condition for power di -123 :  device mounted on 25.4mm x 25.4mm  fr -4 pcb ( 10 mm x  10 mm  1oz copper, minimum recommended pad layout on   top layer and thermal vias to bottom layer ground plane). for bet ter thermal performance, larger copper pad for heat-sink is needed.     5. when mounted on 50.8mm x 50.8mm getek pcb with 25.4mm x 25.4 mm copper pads.  6. test condition for sod-123: device mounted on fr-4 pcb with 50 .8mm x 50.8 mm  2oz copper, minimum recommended pad layout on top layer and  thermal vias to bottom layer with maximum area ground plane. for bette r thermal performance, larger copper pad for heat-sink is needed .  7. the led operating current is determined by the al5809 current option in dex xxx, al5809- xxx s/p1- 7.   8. the maximum led current is also limited by ambient temperature and  power dissipation such that junction temperature should be kept less than or  equal  to +125c.   9. all voltages unless otherwise stated are measured with respe ct to out pin.  10 . measured  by  the percentage degree of led current variation when v inout  varies from 2.5v to 60v each current option .    11. apply the power linearly to the chip until the device starts to turn on .  12. t on _min  time includes the delay and the rise time needed for i out  to reach 90% of its final value. t off_min  time is the time needed for i out  to drop below         10 % of its final value .    13. this parameter only guaranteed by design, not tested in produ ction.  14 .  ambient temperature at which otp is triggered may vary depending o n application, pcb layout and material used. 

   al5809   document number: ds36625 rev. 5 - 2   5 of  16   www.diodes.com   december 2016  ? diodes incorporated     al5809     application information      description  the  al5809  is  a  constant  current  linear  led  driver  and  ca n  be  placed  in  series  with  leds  as  a  high  side  or  a  low  side  co nstant  current  regulator .  the  al5809  offers  various  current  settings  from  15 ma  up  to  150ma  and  different  current  settings  available  u pon  request  (contact  diodes local sales office at http://www.diodes.com).     the al5809 contains a low-dropout regulator which provides  power to the internal current regulation control block. a  fixed preset led current  setting resistor sets the reference current of the cu rrent regulation block. the led current setting resistor va ries with each variant of the al5809.  an accurate current mirror within the current regulation con trol block increases the reference current to the preset  led current of the al5809.    simple led string  the al5809 can be placed in series with leds as a low side /high side constant current regulator. the number of the  leds can vary from one  to  as  m any   as   can  be  supported  by  the  input  supply  voltage.  the  designer   needs  to  calculate  the  maximum  voltage  between  in   and  out  by  taking the maximum input voltage minus the voltage across the  led string (figures 1  &  2 ).      vin low side led string in out xx y w  x 1 2 al5809     figure 1 low side led string tapping                       vin high side led string in out xx y w  x 1 2 al5809   figure 2 high side led string tapping           the al58 09  can also be used on the high side of the leds, see figure  2 . t he minimum system input voltage can be calculated by:             v in(min)   =  v led_chain   +  2.5v    where v led_chain  is the led chain voltage.    the led current can be increased by connecting two or mor e al5809 in parallel in figure 3 .    vin in out xx y w  x in out xx y w  x . . . al5809 al5809 2 2 1 1 al5809 al5809 vin in out xx y w  x in out xx y w  x . . . 1 1 2 2   (a)  low side configuration                                          (b) high side configuration    figure 3 higher led current by parallel configuration of al5809 

   al5809   document number: ds36625 rev. 5 - 2   6 of  16   www.diodes.com   december 2016  ? diodes incorporated     al5809     application information  (continued)     pwm dimming  the al58 09  can be used to provide led current dimming driving the ou t pin via the mosfet switch to ground (figure 4a) applying a pwm   signal with a frequency range between 100hz and  200 hz . the out pin current is then effectively switched on and o ff to modulate the output led  current. the dimming effect can be achieved by varying the p wm signal duty cycle.      vin pwm_dim (zxmn6a11z) in out xx y w  x 1 2 al5809   a)   pwm dimming by external mosfet  in out xx y w  x vin on/off  switch al5809 2 1   b)   pwm dimming by power supply vin on/off    figure 4 pwm dimming       recommended pwm frequency and dimming range      pwm frequency (hz)  duty cycle (%)  min  max  100   5  95  200   10   90     test conditions (figure 4a): pwm frequency 100hz C 200hz square wave ,  0-4v gate voltage, vin = 6v, 1 led, al5809-30ma     use the following formula to calculate the min and max duty  cycle:     min. duty cycle (%)  =  (t on_min )    / (time period of the pwm signal)  max. duty cycle (%) = 100% - ((t off _min ) / (time period of the pwm signal))      notes: t on_min  = 0.5ms  (m in . value) ,  and  t o ff _min  = 0.5ms  (m in . value)  are  listed in the electrical characteristics table on page 4.

   al5809   document number: ds36625 rev. 5 - 2   7 of  16   www.diodes.com   december 2016  ? diodes incorporated     al5809     application information  (continued)     dimming curves          figure 5 pwm dimming 30ma vs. duty cycle       figure 6 area zoom in within duty cycle  30 % of figure 5        recommended minimum on/off pulse width           figure 7 minimum on pulse width (t on_min )      figure 8 minimum off pulse width (t off_min ) 

   al5809   document number: ds36625 rev. 5 - 2   8 of  16   www.diodes.com   december 2016  ? diodes incorporated     al5809     application information  (c ont .)     power dissipation  the maximum ambient temperature range of the al5809 is de termined by its power dissipation and thermal impedance of  the pcb onto which it  is mounted. its junction temperature must be kept equal to  or less than +125c.   th e power dissipated is determined by the led current ver sion that has been selected (15, 20, 25 30, 40, 50, 60 , 90, 100, 120 or 150ma) and  the difference between the input voltage and led chain vo ltage.    v inout  * i led     in a typical 12v system, the input voltage can vary betw een 11.4v and 12.6v. the recommended minimum v inout  voltage of 2.5v enables the  al5809 to drive 2 led in series from the 12v rail (assumin g v led     al5809   document number: ds36625 rev. 5 - 2   9 of  16   www.diodes.com   december 2016  ? diodes incorporated     al5809     application information  (c ont .)         figure  12  power dissipation vs. ambient temperature       figure  13  power dissipation vs. junction temperature            

   al5809   document number: ds36625 rev. 5 - 2   10  of  16   www.diodes.com   december 2016  ? diodes incorporated     al5809   typical performance characteristics  (15ma, 20ma, 25ma, 30ma, 40ma, 50ma powerdi options)   0 10 20 30 40 50 60 0 5 10 15 20 25 30 led current [ma] v inout [v] 15ma 20ma 25ma 30ma 40ma 50ma t a =25     figure 14 led current vs. vinout  0 10 20 30 40 50 60 0 0.5 1 1.5 2 2.5 3 led current [ma] v inout [v] 15ma 20ma 25ma 30ma 40ma 50ma ta = 25c       figure 15 startup minimum operating voltage  0 10 20 30 40 50 60 - 40 - 25 - 10 5 20 35 50 65 80 95 110 125 led current [ma] temperature [ ? c] 15ma 20ma 25ma 30ma 40ma 50ma     figure 16 led current vs. ambient temperature  - 10 -8 -6 -4 -2 0 2 4 6 8 10 0 5 10 15 20 25 30 35 40 45 50 55 60 led current accuracy  [%] v inout [v] 15ma_25c 15ma_125c 15ma_- 40c       figure 17  led current accuracy (%) vs. vinout across  temp er ature                figure 18 thsd of 20ma current option    figure 19 thsd of 40ma current option       -   5   0   5   10   15   20   25   100   105   110   115   120   125   130   135   140   145   150   155   160   led current [ma]   ambient temp er ature [ ? c]   t_shut down   t_recovery   vinout=3.5v  20ma   -   5   0   5   10   15   20   25   30   35   40   45   100   105   110   115   120   125   130   135   140   145   150   155   160   led current [ma]   ambient temperature [ ? c]   t_recovery   t_shut down   vinout= 3.5v,  40ma 

   al5809   document number: ds36625 rev. 5 - 2   11  of  16   www.diodes.com   december 2016  ? diodes incorporated     al5809   typical performance characteristics  (continued) (60ma, 90ma, 150ma powerdi options)       figure  20  led current vs. vinout  0 20 40 60 80 100 120 140 160 0 0.5 1 1.5 2 2.5 3 led current [ma] v inout [v] 60ma 90ma 150ma t a =25 ? c   figure  21  startup minimum operating voltage  vinout=3.5 temperature[ ?c]   figure 22 led current across temperature  figure 23 led current accuracy (%) vs. vinout across   temperature          figure 24 thsd of 60ma current option    figure 25 thsd of 150ma current option         -   20   0   20   40   60   80   100   120   140   160   100   110   120   130   140   150   160   led current [ma]   teperature [?c]   t_recovery   t_shut down   vinout=3.5v   150ma   -   10   0   10   20   30   40   50   60   70   100   110   120   130   140   150   160   led current [ma]   abiet tepature [?c]   t_shut down   t_recovery   vinout=3.5v  60ma  0   20   40   60   80   100   120   140   160   0   5   10   15   20   25   30   led current [ma]   v   inout   [v]   60ma   90ma   150ma           t a =25?c c 

   al5809   document number: ds36625 rev. 5 - 2   12  of  16   www.diodes.com   december 2016  ? diodes incorporated     al5809   ordering information           part number  led current   opion  package  code  packaging  7 tape and reel   quantity  part number suffix    al5809-15p1-7  15ma  p1   powerdi123  3,000/ tape & reel  -7    al5809-15s1-7  s1   sod- 123   3,000/ tape & reel  -7    al5809-20p1-7  20ma  p1   powerdi123  3,000/ tape & reel  -7    al5809-20s1-7  s1   sod- 123   3,000/ tape & reel  -7    AL5809-25P1-7  25ma  p1   powerdi123  3,000/ tape & reel  -7    al5809-25s1-7  s1   sod- 123   3,000/ tape & reel  -7    al5809-30p1-7  30ma  p1   powerdi123  3,000/ tape & reel  -7    al5809-30s1-7  s1   sod- 123   3,000/ tape & reel  -7    al5809-40p1-7  40ma  p1   powerdi123  3,000/ tape & reel  -7    al5809-40s1-7  s1   sod- 123   3,000/ tape & reel  -7    al5809-50p1-7  50ma  p1   powerdi123  3,000/ tape & reel  -7    al5809-50s1-7  s1   sod- 123   3,000/ tape & reel  -7    al5809-60p1-7  60ma  p1   powerdi123  3,000/ tape & reel  -7    al5809-90p1-7  90ma  p1   powerdi1 23   3,000/ tape & reel  -7    al5809-100p1-7  100ma  p1   powerdi123  3,000/ tape & reel  -7    al5809-120p1-7  120ma  p1   powerdi123  3,000/ tape & reel  -7    al5809-150p1-7  150ma  p1   powerdi123  3,000/ tape & reel  -7                                          

   al5809   document number: ds36625 rev. 5 - 2   13  of  16   www.diodes.com   december 2016  ? diodes incorporated     al5809   marking information        part number  package  identification code  al5809- 15 p1 -7  powerdi123  c1  al5809-20p1-7  powerdi123  c2   al5809- 25 p1 -7  powerdi123  ca  al5809-30p1-7  powerdi123  c3   al5809-40p1-7  powerdi123  c4   al5809-50p1-7  powerdi123  c5   al5809-60p1-7  p ower di123  c6   a l5809 -90p1-7  powerdi123  c7   al5809-100p1-7  powerdi123  cb  al5809-120p1-7  powerdi123  c8   al5809-150p1-7  powerdi123  c9   al5809- 15 s1 -7  sod- 123   d1  al5809-20s1-7  sod- 123   d2   al5809-25 s1 -7  sod- 123   da  al5809-30s1-7  sod- 123   d3   al5809-40s1-7  sod- 123   d4   al5809-50s1-7  sod- 123   d5       package outline dimensions    please see http://www.diodes.com/package-outlines.html   for the latest version.    powerdi123 (type b)    powerdi123  type b  dim  min  max  typ  a  3.50  3.90  3.70  b  2.60  3.00  2.80  c  1.63  1.93  1.78  d  0.93  1.00  0.98  e  0.85  1.25  1.00  h  0.15  0.25  0.20  l  0.50  0.80  0.65  all dimensions in mm      l e c a b d h e

   al5809   document number: ds36625 rev. 5 - 2   14  of  16   www.diodes.com   december 2016  ? diodes incorporated     al5809     package outline dimensions  (continued)  please see http://www.diodes.com/package-outlines.html   for the latest version.    sod 123       c he e b d   all 7 all r0.100 a l a a1 all r0.10 all 7 sod123   dim  min  max  typ   a   1.00  1.35  1.05  a1   0.00  0.10  0.05  b   0.52  0.62  0.57  c   0.10  0.15  0.11  d   1.40  1.70  1.55  e   2.55  2.85  2.65  he   3.55  3.85  3.65  l   0.25  0.40  0.30  a   0o  8o  --   all dimensions in mm         suggested pad layout   please see http://www.diodes.com/package-outlines.html   for the latest version.    powerdi123 (type b)    x y x1 g   dimensions  value   (in mm)  g  2.000  x  1.050  x1   4.100  y  1.500       sod 123            y x x1   dimensions  value (in mm)  x  0.900  x1   4.050  y  0.950        

   al5809   document number: ds36625 rev. 5 - 2   15  of  16   www.diodes.com   december 2016  ? diodes incorporated     al5809     taping orientation    the taping orientation of the other package type can be fou nd on our website at http://www.diodes.com/datasheets/a p02007.pdf.     power di 123 (type b)         sod 123                                  

   al5809   document number: ds36625 rev. 5 - 2   16  of  16   www.diodes.com   december 2016  ? diodes incorporated     al5809        important notice    diodes  incorporated  makes  no  warranty  of  any  kind,  expres s  or  implied,  with  regards  to  this  document,  including, but not limited to, the implied warranties of me rchantability and fitness for a particular purpose  (and their equivalents under the laws of any jurisdiction).       diodes  incorporated  and  its  subsidiaries  reserve  the  right  to   make  modifications,  enhancements,  improvements,  correct ions  or  other  changes  without  further  notice  to  this  document  and  any  produ ct  described  herein.  diodes  incorporated  does  not  assume  any  liability  arising  out  of  the  application  or  use  of  this  document  or  any  product  des cribed  herein;  neither  does  diodes  incorporated  convey  a ny  license  under  its  patent  or  trademark rights, nor the rights of others. any custome r or user of this document or products described here in in such applications shall assume  all risks of such use and will agree to hold diodes incorpo rated and all the companies whose products are repres ented on diodes incorporated  website, harmless against all damages.      diodes incorporated does not warrant or accept any lia bility whatsoever in respect of any products purchased  through unauthorized sales channel.  should customers purchase or use diodes incorporated prod ucts for any unintended or unauthorized application, cus tomers shall indemnify and  hold  diodes  incorporated  and  its  representatives  harmless  against  all  claims,  damages,  expenses,  and  attorney  fees   arising  out  of,  directly  or  indirectly, any claim of personal injury or death associated wit h such unintended or unauthorized application.    products described herein may be covered by one or more  united states, international or foreign patents pending. pro duct names and markings  noted herein may also be covered by one or more unite d states, international or foreign trademarks.    this document is written in english but may be translated in to multiple languages for reference. only the english vers ion of  this document is the  final and determinative format released by diodes incorporat ed.    life support    diodes incorporated products are specifically not auth orized for use as critical components in life support dev ices or systems without the express  written approval of the chief executive officer of diodes i ncorporated. as used herein:    a.   life support devices or systems are devices or sy stems which:      1. are intended to implant into the body, or    2.  support  or  sustain  life  and  whose  failure  to  perfor m  when  properly  used  in  accordance  with  instructions  for  u se  provided  in  the         labeling can be reasonably expected to result in signi ficant injury to the user.    b.   a critical component is any component in a life sup port device or system whose failure to perform can be  reasonably expected to cause the          failure of the life support device or to affect i ts safety or effectiveness.    customers represent that they have all necessary exp ertise in the safety and regulatory ramifications of their lif e support devices or systems, and  acknowledge and agree that they are solely responsible for  all legal, regulatory and safety-related requirements concer ning their products and any  use  of  diodes  incorporated  products  in  such  safety-criti cal,  life  support  devices  or  systems,  notwithstanding  any   devices-  or  systems-related  information  or  support  that  may  be  provided  by  diodes  incorpo rated.  further,  customers  must  fully  indemnify  diodes  incor porated  and  its  representatives against any damages arising out of the u se of diodes incorporated products in such safety-critic al, life support devices or systems.    copyright ? 2016, diodes incorporated    www.diodes.com      
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