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		   hr1000a    resonant half-bridge controller        hr1000a rev. 1.01  www.monolithicpower.com  1   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  the future of analog ic technology description  the hr1000a is a controller designed specifically  for the resonant half-bridge topology. it provides  two drive-signal channels that output  complementary signals at a 50% duty cycle. an  internal fixed dead-time of 350ns between the  two complementary gate signals guarantees  zero-voltage switching during the transient and  enables high-frequency operation.   the integrated bootstrap diode simplifies the  external driving circuit for the high-side switch. it  can withstand up to 600v with immunity against  high dv/dt noise.  modulating the switching frequency regulates the  topology output voltage. a programmable  oscillator can set both the maximum and  minimum switching frequencies.   the ic starts up at the programmed maximum  switching frequency and gradually slows until the  control loop takes over to prevent excessive  inrush current  the ic can be forced to enter a controlled burst- mode operation at light-load to minimize the  power consumption and tighten output regulation.  protections features?including latched shutdown,  auto-recovery, brown-out protection, and over- temperature protection?improve converter  design safety without engendering additional  circuit complexity.  the ic provide 1.5a/2a source/sink capability for  both high-side and low-side gate drivers.  the hr1000a is available in a so-16 package.  features  ?  50% duty cycle, variable frequency  control for resonant half-bridge converter  ?   600v high-side gate driver with integrated  bootstrap diode and high dv/dt immunity  ?   1.5a/2a source/sink capability for both  high-side and low-side gate drivers  ?  high-accuracy oscillator  ?   operates at up to 600khz   ?  two-level over-current protection:  frequency-shift and latched shutdown with  programmable duration time  ?   remote on/off control and brown-out  protection through the bo pin  ?   latched-disable input for easy protections  implementation   ?   interfaces with pfc controller  ?   programmable burst-mode operation at  light-load  ?   non-linear soft-start for monotonic output  voltage rise  ?  so-16 package  applications  ?   lcd and pdp tvs  ?   desktop pcs and servers  ?  telecom smps  ?   ac-dc adapter, open-frame smps  ?   video game consoles  ?   electronic lighting ballast    all mps parts are lead-free and adhere to the rohs directive. for mps green  status, please visit mps website under quality assurance. ?mps? and ?the  future of analog ic technology? are registered trademarks of monolithi c   power systems, inc. 

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  2   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  typical application block diagram    

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  3   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  ordering information  part number*   package   top marking   HR1000AGS soic16 hr1000a  * for tape & reel, add suffix ?z (e.g. HR1000AGS?z).  package reference   ss timer ct fset bst hg sw n.c. 1 2 3 4 16 15 14 13 vcc lg gnd pfc 12 11 10 9 burst cs bo latch 5 6 7 8 top view   absolute maximum ratings   (1)   symbol pin parameter  value  unit  v bst   16  floating supply voltage  -1 to 618  v  v sw   14  floating ground voltage  -3 to v bst -18 v  dv sw /dt  14  floating ground max. slew rate  50  v/ns  vcc  12  ic supply voltage (i cc  hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  4   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  electrical characteristics  t j =25c, vcc=13v, c hg =c lg =1nf; ct=470pf, r fset =12k ? , unless otherwise specified.  parameter symbol min typ max unit  ic supply voltage (vcc)   vcc operating range    8.9    15.5  v  vcc high threshold, ic switch-on  v cch  10.3  11 11.7 v  vcc low threshold, ic switch-off  v ccl  7.5 8.2 8.9 v  hysteresis v hys   2.5  v  vcc clamp current during fault condition (vcc=16v,  latch=2v)  i clamp    6  ma  vcc clamp voltage during fault condition (vcc>16v or  v latch >1.85v or v cs >1.5v or v timer >3.5v or v bo 5.5v or otp)  v clamp   15.3  v  ic supply current (vcc)   start-up current (before the device turns on,  vcc=vcc h -0.2v)  i start-up   250 300 a  quiescent current (device on, v burst =1v) i q   1.5 2 ma  operating current (device on, v burst =v fset ) i op   3 5 ma  residual consumption  (vcc>16v or vcc1.85v or v cs >1.5v or v timer >3.5v or v bo 5.5v or otp)  i r   350 400 a  high-side floating-gate-driver supply (bst, sw)   bst pin leakage current (v bst =600v) i lkbst     10 a  sw pin leakage current (v sw =582v) i lksw     10 a  input bias current (v cs =0 to v cslatch ) i cs     1 a  leading-edge blanking   t leb   250  ns  frequency shift threshold  v csx  0.75 0.8 0.85 v  latch-off threshold  v cslatch  1.41  1.5 1.59 v  line voltage sensing (bo)   threshold voltage   v th  1.2 1.25 1.3 v  clamp level  v clamp  5.1  5.5 5.8 v  current hysteresis (vcc>5v, v bo =0.3v) i hyst  9 12 15 a  latch function (latch)   input bias current (v latch =0 to v th ) i latch     1 a  latch threshold   v th  1.75 1.85 1.95 v  oscillator         output duty cycle  d  48  50  52  %  oscillation frequency  f osc     600 khz  dead-time t d  300 350 400 ns  ct peak value  v cfp   3.8  v  ct valley value  v cfv   0.9  v  voltage reference at fset pin  v ref  1.92  2 2.08 v  pfc function (pfc)   low saturation level (i pfc =1ma, v latch =2v) v l     0.2 v  soft start function (ss)   discharge resistance (v cs >v csx ) r  120   ?   standby function (burst)   disable threshold   v th  1.18 1.23 1.28 v  hysteresis v hys   100  mv 

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  5   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  electrical characteristics   (continued)   t j =25c, vcc=13v, c hg =c lg =1nf; ct=470pf, r fset =12k ? , unless otherwise specified.  parameter   symbol   min   typ   max   unit delayed shutdown (timer)   charge current (v timer =1v, v cs =0.85v) i charge  80  130  180 a  threshold for forced operation at maximum  frequency  v th1  1.88 2 2.08 v  shut down threshold  v th2  3.3 3.5 3.7 v  restart threshold  v th3  0.25 0.3 0.35 v  low-side gate driver (lg, referenced to gnd)   peak source current   i sourcepk  1.5      a  peak sink current   i sinkpk  2     a  sourcing resistor  r source   4   ?   sinking resistor  r sink   2   ?   fall time  t f   20  ns  rise time   t r   20  ns  uvlo saturation (vcc=0 to vcc h , i sink =2ma)    1.1 v  high side gate driver (hg, referenced to sw)   peak source current   i sourcepk  1.5      a  peak sink current   i sinkpk  2     a  sourcing resistor  r source   4   ?   sinking resistor  r sink   2   ?   fall time  t f   20  ns  rise time   t r   20  ns  thermal shutdown   thermal shutdown threshold      150    c  thermal shutdown recovery threshold      120    c 

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  6   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  typical performanc e characteristics  performance waveforms are generated using the evaluation board built with design example on  page 20. vac=230v, v out =19v, i out =4.7a, t a =25c, unless otherwise noted.  0.01 0.1 1 10 100 0 5 10 15 20 0.1 1.0 10.0 -50 0 50 100 150 icc (ma) operating @50khz residual quiescent start-up -50 0 50 100 150 -50 0 50 100 150 0.5 1.0 1.5 2.0 -50 0 50 100 150 ocp threshold (v) -50 0 50 100 150 1.6 1.7 1.8 1.9 2.0 -50 0 50 100 150 0.9 0.95 1 1.05 1.1 -50 0 50 100 150 0 1 2 3 4 5 6 -50 0 50 100 150 temperature (c) bo threshold (v) clamp enable current sense threshold  vs. t j   5 8 11 14 17 20 4 5 6 7 8 9 10 11 12 14.9 15.0 15.1 15.2 15.3 15.4 15.5 15.6 15.7 15.8 rising falling vcc falling vcc rising

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  7   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  typical performanc e characteristics  (continued)   performance waveforms are generated using the evaluation board built with design example on  page 20. vac=230v, v out =19v, i out =4.7a, t a =25c, unless otherwise noted.   reference voltage vs. t j   standby threshold vs. t j current mirror ratio vs. t j ocp delay threshold vs. t j   delay shutdown charge  current vs. t j 0.8 0.9 1 1.1 1.2 -50 0 50 100 150 1 10 100 1000 1 10 100 fsw (khz) 220pf 330pf 470pf 680pf 1nf 2.2nf 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 -50 0 50 100 150 ct voltage (v) peak value valley value 0.98 0.99 1.00 1.01 1.02 1.03 1.04 -50 0 50 100 150 1.7 1.8 1.9 2.0 2.1 2.2 2.3 -50 0 50 100 150 reference voltage (v) current mirror ratio (v) 1.15 1.20 1.25 1.30 1.35 1.40 1.45 -50 0 50 100 150 standby threshold (v) restart disable -50 0 50 100 150 temperature (c) 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 -50 0 50 100 150 temperature (c) delay shutdown threshold (v) shut down restart force to max fsw 80 100 120 140 160 180 oscillator frequency vs.  frequency-set resistance  

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  8   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  typical performanc e characteristics  (continued)   performance waveforms are generated using the evaluation board built with design example on  page 20. vac=230v, v out =19v, i out =4.7a, t a =25c, unless otherwise noted.   efficiency v sw 100v/div. v lg 10v/div. i r 1a/div. v sw 100v/div. v lg 10v/div. i r 1a/div. steady state v out  = 19v, i out  = 4.7a steady state v out  = 19v, i out  = 0a v out_ripple /ac 100mv/div. v out_ripple /ac 100mv/div. steady state v out  = 19v, i out  = 4.7a steady state v out  = 19v, i out  = 0a v lg 5v/div. v out 10v/div. i r 2a/div. start-up v out  = 19v, i out  = 0a v lg 5v/div. v out 10v/div. i r 2a/div. v lg 5v/div. v out 10v/div. i r 2a/div. v lg 5v/div. v out 10v/div. i r 2a/div. start-up v out  = 19v, i out  = 4.7a shutdown v out  = 19v, i out  = 0a shutdown v out  = 19v, i out  = 4.7a i out  (a) 70 75 80 85 90 95 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  9   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  typical performanc e characteristics  (continued)   performance waveforms are generated using the evaluation board built with design example on  page 20. vac=230v, v out =19v, i out =4.7a, t a =25c, unless otherwise noted.   v lg 10v/div. v out 10v/div. i r 2a/div. v lg 10v/div. v out 10v/div. i r 2a/div. v lg 10v/div. v out 10v/div. i r 2a/div. scp entry v out  = 19v, i out  = 0a scp entry v out  = 19v, i out  = 4.7a scp then power-on v out  = 19v

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  10   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  pin functions  pin #  name  description  1   ss   soft-start. connect an external capacitor with this pin to gnd and a resistor to fset pin to  set the maximum oscillator frequency and the ti me constant for the frequency shift during  start-up. an internal switch discharges the  capacitor when the chip turns off (vcc < uvlo,  vcc > 16v, bo < 1.25v or > 5.5v, latch >  1.85v, cs >1.5v, timer > 2v, thermal  shutdown) to guarantee soft-start when the cu rrent sense pin voltage exceeds 0.8v, and as  long as it stays above 0.75v.  2   timer   period between over-current and shutdown. connect a capacitor and a resistor from this  pin to gnd to set both the maximum duration from an over-current condition before the ic  stops switching, and the delay before the ic  resumes switching. each time the cs pin  voltage exceeds 0.8v, an internal 130a source ch arges the capacitor; an external resistor  slowly discharges this capacitor. if the pi n voltage reaches 2v, the soft-start capacitor  discharges completely, pushing the switchi ng frequency to its maximum value; the 130a  source remains on. when the voltage exceeds 3. 5v the ic stops switching and the internal  current source turns off so that the pin vo ltage decays. the ic enters soft-started when the  voltage drops below 0.3v. this allows the conver ter to work intermittently with very low  average input power under short-circuit conditions.  3   ct   time-set. an internal current source programm ed by the external network connected to pin  4 charges and discharges a capacitor connected to gnd. determines the converter?s switching frequency.  4   fset   switching frequency set. provides a precise 2v  reference. a resistor connected from this  pin to gnd defines a current that sets t he minimum oscillator frequency. connect the  phototransistor of an opto-coupler to this pin  through a resistor to close the feedback loop  that modulates the oscillator frequency to r egulate the converter output voltage. the value  of this resistor will set the maximum operati ng frequency. an r-c se ries connected from  this pin to gnd sets frequency shift at star t-up to prevent excessive energy inrush (soft- start).  5   burst   burst-mode operation threshold. the pin se nses some voltage related to the feedback  control, which is compared to an internal re ference (1.25v). if the voltage on the pin is  lower than the reference, the ic enters an idle  state and reduces its quiescent current. the  chip resumes switching when the voltage exceed s the reference by 50mv. soft-start is not  invoked. this function enables burst-mode operation when the load falls below a programmed level, determined by connecting an a ppropriate resistor to the opto-coupler to  pin fset (see block diagram). tie the pin to fset if burst-mode is not used.  6   cs   primary-current sense. uses a  sense resistor or a capacitive divider to sense the primary  current. the voltage signal requires an averaging filter because this input is not intended  for cycle-by-cycle control. as  the voltage exceeds a 0.8v thre shold (with 50mv hysteresis),  the soft-start capacitor on pin 1 discharges inte rnally: the frequency increases, limiting the  power throughput. under an output short circuit, th is normally results in a nearly-constant  peak-primary current. a timer set on pin 2 limits t he duration of this condition. if the current  continues to build up despite the frequency increase, a second comparator referenced at  1.5v latches the device off and brings its co nsumption up to about pre-start-up levels. the  information is latched, requiring cycling t he ic supply voltage to restart: the latch is  removed as the vcc voltage drops below the uv lo threshold. tie the pin to gnd if the  function is not used. 

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  11   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  pin functions   (continued)   pin #  name  description  7   bo    input voltage sense. connect to the high-volt age input bus through the tap of a resistor  divider to perform either ac or dc (in syst ems with pfc) brownout protection. a voltage  below 1.25v shuts down (without latching) the  ic, lowers its consumption and discharges  the soft-start capacitor. the ic operati on resumes (with soft-start) when the voltage  exceeds 1.25v. the comparator has current hyst eresis: an internal 12a current source is  on as long as the applied voltage is below 1. 25v, and is off if this value is exceeded.  bypass the pin with a capacitor to gnd to reduce noise pick-up.  a n internal zener diode  top-limits the pin voltage. activating the zener  diode causes the ic to shut down (without  latching). bias the pin between 1.25v  and 5.5v if the function is not used.   8   latch   ic latch. connects internally to a comparat or that?when the pin voltage exceeds 1.85v? shuts the ic down and brings its consumptio n to near pre-start-up levels. the latch is  removed as the vcc voltage goes below the uvlo  threshold. tie the pin to gnd if the  function is not used.   9   pfc   interface to the front-end pfc. this pin? normally high?stops the pfc controller for  protection purposes or during burst-mode opera tion. it goes low when the ic shuts down  from the following conditions: vcc > 16v, la tch > 1.85v, cs > 1.5v, bo > 5.5v, thermal  shutdown and burst < 1.25v. the pin also  goes low when the voltage on timer  exceeds 2v, and goes back open as the voltage fa lls below 0.3v. during uvlo, it is open.  leave the pin unconnected if not used.   10   gnd   ground. current return for both the low-side gate -driver current and the ic bias current. tie  all bias component ground connections to a trace to this pin. keep separate from any  pulsed current return.  11   lg   low-side gate driver. the driver is capable  of a minimum 0.5a source and a minimum 1a  sink-peak current to drive the lower mosfet of  the half-bridge leg. the pin is actively  pulled to gnd during uvlo.  12   vcc   supply voltage. supplies both the ic signal  and the low-side gate driver. sometimes a  small bypass capacitor (e.g., 0.1f) can help pr ovide a clean bias voltage for the ic signal.  13   n.c.   high-voltage spacer. not internally conne cted?isolates the high-voltage pin and eases compliance with safety regulations (creepage-distance) on the pcb.  14   sw   high-side switch source. current return fo r the high-side gate-drive current. requires  careful layout to avoid large spikes below ground.  15   hg   high-side floating gate-driver. capable of  minimum 0.5a source and minimum 1a sink- peak current to drive the upper mosfet of the half-bridge leg. an internal resistor  connected to pin 14 (sw) ensures that  the pin does not floating during uvlo.  16   bst   high-side gate driver for floating voltage s upply. connect a bootstrap capacitor between  this pin and pin 14 (sw)?fed by an internal boot strap diode driven in-phase with the low- side gate-drive.  

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  12   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  block diagram    figure 1: functional block diagram 

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  13   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  functional description  oscillator  the charge/discharge time of the ct capacitor  determines the oscillator frequency. the  voltage on the ct capacitor fluctuates between  the peak threshold and valley threshold to form  a triangle waveform. figure 2 shows the  detailed waveform during steady state.    figure 2: ct waveform and gate signal  the network connecting the fset pin  charges/discharges the current on the ct  capacitor, as figure 3 shows. the source  current of the fset pin controls the current   source-1 (i s-1 ) to charge the ct capacitor. here,  the current mirror ratio inside the hr1000a is  1a/a. when a switching cycle starts, i s-1   charges the ct capacitor until the voltage  triggers the peak threshold voltage. then the  discharge current source (i s-2 ) with twice the  source current of the fset pin turns on.  therefore, the ct capacitor discharges with the  source current of the fset pin. when the  voltage on the ct capacitor drops to the valley  threshold voltage, the i s-2  turns off and then a  new switching cycle is enabled.   based on the block diagram shown in figure 3,  the fset rc network functions as described:  1. rf min  from the fset pin to gnd sets the  maximum resistance of external rc network  when the phototransistor is blocked,  therefore setting the fset minimum source  current, which sets the minimum switching  frequency;   figure 3: oscillator block diagram   

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  14   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  2.  under normal operation, the phototransistor  modulates the current flow through rf max  to  modulate the frequency for output voltage  regulation. when the phototransistor is  saturated, the current flow through rf max  is  at its maximum, setting the frequency at its  maximum   3.  a series rc circuit connected between fset  and gnd determines the frequency shift at  start-up. (please see the soft-start section  for details.)  based on the previous principles, the following  equations describe the minimum and maximum  frequency:  min min 1 f 3ctrf = ??   max min max 1 f 3 ct (rf || rf ) = ??   typically, the ct capacitance is between 0.1nf  and 1nf, so the values of rf min  and rf max  are:   min min 1 rf 3ctf = ??   min max max min rf rf f 1 f = ?   for the ct capacitance selection, here is a note  for low temperature and high switching  frequency application: when the temperature is  low, the source current capability of fset pin  drops a little due to the property of internal  transistor circuit, which means there might be  not big enough current to charge/discharge the  large ct capacitor. so a small ct cap  ( hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  15   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.    figure 5: bust-mode operation set-up for wide  input voltage range  r b1  and r b2  from figure 5 correct against the  wide input voltage range. select both resistors  based on experimental results. note that the  total resistance of r b1  and r b2  should be much  bigger than r h  to minimize the effect on the bo  pin voltage.  during burst-mode operation, when the load is  lower than p burst , the switching frequency is  clamped at the maximum frequency. then the  output voltage must rise over the set value,  which would increase the current flowing  through the  opto-coupler. therefore, the  voltage on rf max  must rise due to the increased  opto-transistor current. the burst pin voltage  would then drop below 1.25v, triggering the  gate signal off state. until the output voltage  falls below the setting value, the current flow  through opto-coupler then decreases, causing  the burst pin voltage to rise. when the voltage  exceeds 1.25v+100mv, the ic restarts to  generate the gate signal. the ic will continue to  operate in this mode under no-load or light-load  to decrease average power consumption.  pfc-disable function  many applications require a pfc function,  making a pre-regulator widely before a resonant  circuit common. under some conditions?e.g.  no-load or light load, ocp, ovp?require  disabling the pfc.    figure 6: pfc disable block diagram  the hr1000a provide pfc disabling. pull the  pfc pin low for one of following conditions:   ?  gate-off during burst-mode  (burst1.5v); input over-voltage  (bo>5.5v);  ?   latch pin high (latch>1.85v);  ?  timer pin voltage exceeding 2v  without dropping to 0.3v; and  ?   over-temperature protection triggering.  shutdown the pfc to reduce power  consumption or to protect the system. figure 7  shows the typical application circuit between  the hr1000a and the pfc controller  (mp44010/1 is a pfc controller).    figure 7: communication circuit between  hr1000a and pfc controller  if this function is not used, pfc pin can float. 

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  16   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  soft-start operation  for the resonant half-bridge converter, the  power delivered is inversely proportional to the  switching frequency. to achieve soft-start, start  the switching frequency with a high value until  the value is controlled by the closed loop.  the converter + hr1000a can easily achieve  soft-start using an external rc series circuit as  shown in figure 8.    figure 8: soft-start block  when start-up begins, the ss voltage is 0v, so  the soft-start resistor (r ss ) is in parallel to rf min :  rf ming  and r ss  determine the initial frequency as:  start min ss 1 f 3 ct (rf ||r ) = ??   during start-up, the c ss  charges until its voltage  reaches the reference?2v, and the current flow  through r ss  drops to zero. this period takes  about 5(r ss c ss ). during this period, the  switching frequency changes following an  exponential curve: the c ss  charge initially  decays relatively quickly but the rate  progressively slows.  after this period ends, the output voltage is not  still close to the setting value, so the feedback  loop will take over start-up.  with soft-start, the input current increases  gradually until the output voltage reaches the  setting point with little overshoot.  select the soft-start rc network as per the  equations below:  min ss start min rf r f 1 f = ?   -3 ss ss 310 c r ? =   select an initial frequency, f start , at least 4f min .  select c ss  as a trade-off between the desired  soft-start operation and the ocp speed (see  the next section for details).  current sensing  figure 9 shows the current sense block  diagram.    figure 9: current sensing block diagram  there are two levels over-current protection.   the first level occurs when the cs voltage  exceeds 0.8v, the comparator triggers the  control logic to output a high-level control signal  that turns on the transistor connecting ss and  gnd. then the c ss  voltage drop results a sharp  increase in oscillator frequency, and therefore  reduces the energy transferred to the output.  when the cs pin voltage drops back to  0.79v,the converter resumes normal operation  with the help of the 10mv hysteresis.   generally, the cs pin voltage continues to rise  during a short circuit. the second level over- current protection triggers when the cs pin  voltage rises to 1.5v. then the ic is latched at  very low consumption (residual consumption in  ec table).  for two-level protection, a very large c ss  slows  the discharge to the point that the transformer  and the resonant inductor saturate and  damages the secondary diode. 

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  17   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.    figure 10: current sensing with a sense  resistor  there are two types of current sensing methods:  one uses a sense resistor in series with the low- side mosfet; the other uses a lossless  current-sensing network. the first method is  simple but causes some unnecessary power  consumption.  calculate the sense resistor using the following  equation:  crpk s i 4 r =   where i crpk  is the desired peak current through  the primary mosfet for the resonant capacitor  at low input voltage and full load.   since the circuit require an rc filter between  the sensing resistor and cs pin, select an rc  time constant at around 10/f min .     figure 11: current sensing with lossless  network  to design the lossless current sensing network,  consider these two conditions:  1.  r1 is smaller than several hundred ohms.  the sensing network acts as a capacitive  current divider. use the equations below:  cr c1 100    ? =?+ crpk 0.8  cr r2 (1 ) ic1   2.  r1 is ~10k ? . the sensing network acts to  divide the ripple voltage on cr. design for  this condition as per the equations below:  cr c1 100    + ? =? 22 c1 crpk cr r1 x 0.8  r2 ix   calculating the reactance of c1 and cr at the  frequency where the maximum peak resonant  current occurs. empirically, the r2 and c2 time  constant is about 10/f min .  depending on the circuit, consider the  calculated value as a cut value that requires  adjustments based on experimental results to  meet the design target.  the ocp can limit the energy transferred from  the primary to the secondary during over-load  or short-circuit period. however, excessive  power consumption due to high continuous  currents can damage the secondary-side  windings and the rectifiers. the hr1000a  provides additional protection to reduce the  average power consumption during ocp: when  ocp triggers, the converter enters a hiccup-like  protection mode that operates intermittently.   set the maximum over-load or short circuit  operating time (t oc ) by selecting appropriate  c timer  and r timer . during the first ocp level  when the cs voltage exceeds 0.8v, an internal  130a current source turns on to charge c timer .  when the voltage on c timer  reaches 2v, the c ss   voltage drops below the ocp comparator  output. this forces the switching frequency to  equal f start  to minimize the transferred energy.  t oc  is the time for the voltage on c timer  to rise 

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  18   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  from 0v to 2v. however, there is no simple  relationship between t oc  and c timer . select c timer  based on experimental results (based on  experiments: c timer  may increase operating time  by 100ms).  after the voltage on c timer  rises to 2v, the  130ua current source continues to charge it  until the voltage reaches the shutdown  threshold (3.5v). this period is approximately:   4 op timer t10t =?    vcc ss i cr cs timer vout pfc 2v 0.3v 2v 3.5v normal  operation over load /  short circuit shutdown soft-start pmin t t t t t t t 0.8v t oc t op t stop t ss   figure 12: delayed shutdown and soft-start time  sequence  during this period, the switching frequency  remains at f start  to limit the energy transferred.  when the shutdown threshold triggers, the gate  drive turns off and the 130a current source  shuts down. then r timer  slowly discharges c timer .  this procedure lasts until the c timer  voltage  drops below 0.3v, then the ic restarts. this  time period is:  off timer timer timer timer 3.5 t=r c ln 2.5r c 0.3 ??  ?   figure 12 shows the operation?s time sequence.   latch operation    figure 13: latch function block  the hr1000a provides a simple latch-off  function through the latch pin. applying an  external voltage >1.85v causes the ic to enter  a latched shutdown. after ic is latched, its  consumption drops, as shown by the residual  current in the ec table. resetting the ic  requires dropping the vcc voltage below the  uvlo threshold.   input voltage sensing  the hr1000a can stop when the input voltage  drops below a specified value, and then  restarted when the input voltage goes back to  normal. this function guarantees that the  resonant half-bridge converter always operates  within the specified input voltage range. the ic  senses voltage on bo through the tap of a  resistor divider connected to the rectified ac  voltage or the pfc output.  figure 14 shows the line-sensing internal block  diagram.  hr1000a 7 12  a 1.25v vinok r l r h bo hv input bus 5.5v shutdown    figure 14: input voltage sensing block  

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  19   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  the internal 12a current source turns on when  the bo voltage drops below 1.25v, and turns  off when the bo voltage exceeds 1.25v. when  the bo voltage drops below 1.25v, the ic shuts  down the gate drive, and consumes very little  power as per the residual current in the ec  table. calculate the input-voltage resistor  divider with the desired on (vin on ) and off  (vin off ) input voltage as below:  on off h 6 vin -vin r 12 10 ? = ?   lh off 1.25 rr vin 1.25 =? ?   for additional protection, when the bo voltage  exceeds the internal 5.5v clamp voltage, the ic  will shutdown. when the bo voltage is between  1.25v and 5.5v, the ic will restart.  high-side gate driver  the external bst capacitor provides energy to  the high-side gate driver. an integrated  bootstrap diode charges this capacitor through  vcc. this diode simplifies the external driving  circuit for the high-side switch, allowing the bst  capacitor to charge when the low side mosfet  is on.   to provide enough gate driver energy and  considering the bst capacitor charge time, use  a 100nf-to-1  f capacitor for the bst capacitor.    figure 15: high-side gate driver  low-side gate drive  the lg pin provides the gate driver signal for  the low-side mosfet. the maximum absolute  rating table shows that the maximum lg pin  voltage is 16v. under some conditions, a large  voltage spike occurs on the lg pin due to  oscillations from the long gate-driver wire, the  mosfet parasitic capacitance, and the small  gate-driver resistor. this voltage spike is  dangerous to the lg pin, so add a 15v zener  diode close to the lg and gnd pins.     figure 16: low-side gate driver 

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  20   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  design example  a 90w adatptor is designed with beow  specifications:   input ac voltage  90-265vac  output voltage  19v  output current  4.7a  figure 17 shows the detailed application  schematic. the typical performance and circuit  waveforms have been shown in the typical  performance characteristics section.         figure 17: design example for 19v/4.7a output 

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  21   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  flow chart  start vcc capacitor is charged  through pull-up resistor   n vcc>10.5v soft start y normal operation switching frequency  is modulated by i fset monitor bo monitor thermal monitor cs monitor latch bo>4.7v  or  bo1.5v n cs>0.8v y 1. latch off the  switching pulse 2. soft start  capacitor fully discharged 3. pfc pin pulled  low 1. stop the  switching pulse 2. soft start  capacitor fully  discharged timer>2v n y 1. increase the  switching  frequency 2. soft start  capacitor  begin to  discharge  3. timer  capacitor is  charged by an  internal 150ua  current source 1. switching  frequency is  pushed to  maximum value 2. soft start  capacitor fully  discharge  3. timer  capacitor is  charged by an  internal 150ua  current source 4 pfc pin pulled  low n timer>3.5v y 1. stop the  switching pulse 2. soft start  capacitor fully discharged 3. timer  capacitor  discharged by  external resistor 4. pfc pin pulled  low timer10 oc 1.3v y n 1. resume the  switching pulse 2. pfc pin pulled  high 1.25v1.85v n y 1. latch off the  switching pulse 2. soft start  capacitor fully discharged 3. pfc pin pulled  low vcc12v n y latched  shutdown ocp otp brown-out uvlo burst  mode ocp

 hr1000a ? resonant half-bridge controller    hr1000a rev. 1.01  www.monolithicpower.com  22   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  typical waveforms  vcc lg/hg soft  start pfc latch cs timer bo burst soft  start ocp ocp latch  shutdown brown- out otp burst  mode 12v 8v 1.85v 1.5v 0.8v 0.3v 2v 3.5v 1.25v unplug from  main input over temperature 

 hr1000a ? resonant half-bridge controller    notice:  the information in this document is subject to change wi thout notice. please contact m ps for current specifications.  users should warrant and guarantee that  third party intellectual property rights ar e not infringed upon when integrating mps  products into any application. mps will not assume  any legal responsibility for any said applications.  hr1000a rev. 1.01  www.monolithicpower.com  23   8/30/2012  mps proprietary information. patent protec ted. unauthorized photocopy and duplication prohibited.    ? 2012 mps. all rights reserved.  package information  soic16  0.016(0.41) 0.050(1.27) 0 o -8 o detail "a" 0.010(0.25) 0.020(0.50) x 45 o see detail "a" 0.0075(0.19) 0.0098(0.25) 0.150 (3.80) 0.157 (4.00) pin 1 id 0.050(1.27) bsc 0.013(0.33) 0.020(0.51) seating plane 0.004(0.10) 0.010(0.25) 0.386(  9.80) 0.394(10.00) 0.053(1.35) 0.069(1.75) top view front view 0.228 (5.80) 0.244 (6.20) side view 1 8 16 9 recommended land pattern 0.213 (5.40) 0.063 (1.60) 0.050(1.27) 0.024(0.61) note:   1) control dimension is in inches.  dimension in       bracket is in millimeters.   2) package length does not include mold flash,       protrusions or gate burrs.   3) package width does not include interlead flash       or protrusions.   4) lead coplanarity (bottom of leads after forming)       shall be 0.004" inches max.   5) drawing conforms to jedec ms-012, variation ac.   6) drawing is not to scale. 0.010(0.25) bsc gauge plane  
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