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		  mp7720    20w class d mono    single ended audio amplifer      mp7720 rev. 2.1  www.monolithicpower.com   1   1/22/2010  mps proprietary information. unaut horized photocopy and duplication prohibited.    ? 2010 mps. all rights reserved.  the future of analog ic technology description  the mp7720 is a mono 20w class d audio  amplifier. it is one of mps? second generation  of fully integrated audio amplifiers which  dramatically reduces solution size by integrating  the following:  180m ?  power mosfets   startup / shutdown pop elimination   short circuit protection circuits  mute / standby  the mp7720 utilizes a single ended output  structure capable of delivering 20w into 4 ?   speakers. mps class d audio amplifiers exhibit  the high fidelity of a class a/b amplifier at  efficiencies greater than 90%. the circuit is  based on the mps? proprietary variable  frequency topology that delivers excellent  psrr, fast response time and operates on a  single power supply.  evaluation board reference  board number  dimensions  ev0030  2.4?x x 3.5?y x 1.2?z  features  ?   20w output at v dd  = 24v into a 4 ?  load   ?   thd+n = 0.04% at 1w, 8 ?   ?   93% efficiency at 20w  ?   low noise (190v typical)   ?   switching frequency up to 1mhz   ?   9.5v to 24v operation from a single supply   ?   integrated startup and shutdown pop  elimination circuit   ?  thermal protection   ?  integrated 180m ?  switches   ?   mute/standby modes (sleep)   ?   available in tiny 8-pin soic and pdip packages  applications  ?   surround sound dvd systems  ?  televisions  ?  flat panel monitors  ?  multimedia computers  ?   home stereo systems  ?mps? and ?the future of analog ic technology? are registered trademarks of  monolithic power systems, inc.  aam (analog adaptive modulation) is a trademark of monolithic power  systems, inc.    typical application  + audio input off on v dd mp7720 sw bs pgnd vdd pin en nin agnd 8 6 5 7 1 4 2 3   20 10 1 0.1 0.01 thd+n (%) 0.1 1 10 30 power (w) thd+n vs power (24v, 1khz)

 mp7720 ? 20w class d mono single ended audio amplifier    mp7720 rev. 2.1  www.monolithicpower.com   2   1/22/2010  mps proprietary information. unaut horized photocopy and duplication prohibited.    ? 2010 mps. all rights reserved.  package reference   pin nin agnd en pgnd sw vdd bs 1 2 3 4 8 7 6 5 top view   part number*  package  temperature  mp7720ds soic8  ?40  c to +85  c MP7720DP pdip8  ?40  c to +85  c *  for tape & reel, add suffix ?z (eg. mp7720ds?z)  for lead free, add suffix ?lf (eg. mp7720ds?lf?z)  absolute maxi mum ratings  (1)   supply voltage v dd ...................................... 26v  bs voltage.................. v sw   ?   0.3v to v sw   +   6.5v  enable voltage v en ........................ ?0.3v to +6v  v sw , v pin , v nin ........................... ?1v to v dd   +   1v  agnd to pgnd .......................... ?0.3v to +0.3v  junction temperature............................... 150  c   lead temperature ....................................260  c  storage temperature ..............?65  c to +150  c  recommended operating conditions  (2)   supply voltage v dd .......................... 9.5v to 24v  operating temperature t a .........?40  c to +85  c  thermal resistance  (3)    ja   jc   soic8.................................... 105 ..... 40...  c/w  pdip8 ..................................... 95 ...... 55...  c/w  notes:  1) exceeding these ratings  may damage the device.  2)  the device is not guaranteed to function outside of its  operating conditions.  3)  measured on approximately 1? square of 1 oz copper.    electrical characteristics  v dd  = 24v, v en  = 5v, t a  = +25  c, unless otherwise noted.  parameters symbol condition min typ max units  supply current  standby current    v en  = 0v    1  5   a  quiescent current         1.5  3.0  ma  output drivers  sw on resistance    sourcing and sinking    0.18    ?   short circuit current     sourcing and sinking    5.0    a  inputs  pin, nin input common mode  voltage range     0  v dd   2  v dd  ? 1.5 v  pin, nin input current    v pin  = v nin  = 12v    1  5   a   v en  rising    1.4  2.0  v  en enable threshold voltage   v en  falling  0.4  1.2    v  en enable input current    v en  = 5v    1     a  thermal shutdown  thermal shutdown trip point    t j  rising   150    c  thermal shutdown hysteresis        30     c 

 mp7720 ? 20w class d mono single ended audio amplifier    mp7720 rev. 2.1  www.monolithicpower.com   3   1/22/2010  mps proprietary information. unaut horized photocopy and duplication prohibited.    ? 2010 mps. all rights reserved.  operating specifications  circuit of figure 1, v dd  = 24v, v en  = 5v, t a  = +25  c, unless otherwise noted.  parameters symbol condition min typ max units  standby current    v en  = 0v    130    a  quiescent current         13    ma    f = 1khz, thd+n = 10%,  4 ?  load   20    w  power output    f = 1khz, thd+n = 10%,  8 ?  load   10    w    p out  = 1w, f = 1khz, 4 ?   load   0.08    %  thd+ noise    p out  = 1w, f = 1khz, 8 ?   load   0.04    %    f = 1khz, p out  = 1w, 4 ?   load   90    %  efficiency    f = 1khz, p out  = 1w, 8 ?   load   95    %  maximum power bandwidth        20    khz  dynamic range        93    db  noise floor    a-weighted    190    v  power supply rejection    f = 1khz    60    db    pin functions  pin #  name  description  1 pin  amplifier positive input. pin is the positive side  of the differential input to the amplifier. use a  resistive voltage divider to set the voltage at pin to v dd /2. see figure 1.  2 nin  amplifier negative input. nin is the negative side of  the differential input to the amplifier. drive  the input signal and close the feedbac k loop at nin. see figure 1.  3  agnd  analog ground. connect agnd to pgnd at a single point.  4  en  enable input. drive en high to turn  on the amplifier, low to turn it off.  5 bs  high-side mosfet bootstrap input. a capaci tor from bs to sw supplies the gate drive  current to the internal high-side mosfet. conne ct a 0.1f capacitor from sw to bs. place a  6.2v zener diode from bs to sw to prevent  overstressing of the internal circuitry.  6 vdd  power supply input. vdd is the drain of t he high-side mosfet switch, and supplies the  power to the output stage and the mp7720 internal  control circuitry. in addition to the main  bulk capacitor, bypass vdd to pgnd with a 1f x7r capacitor placed close to pins 6 and 8.  7 sw  switched power output. sw is the output of  the mp7720. connect the lc filter between sw  and the output coupling capacitor. see figure 1.   8  pgnd  power ground. connect pgnd to agnd at a single point. 

 mp7720 ? 20w class d mono single ended audio amplifier    mp7720 rev. 2.1  www.monolithicpower.com   4   1/22/2010  mps proprietary information. unaut horized photocopy and duplication prohibited.    ? 2010 mps. all rights reserved.  typical performanc e characteristics  25 20 15 10 5 0 p out  (w) 5 101520253035 v dd  ( v ) p out  vs v dd 100 90 80 70 60 50 40 30 20 10 0 efficiency (%) 0 5 10 15 20 25 30 output power (w) efficiency vs p out +4 +2 0 -2 -4 -6 -8 -10 amplitude (dbr) 20 10k 40k 1k 100 frequency (hz) frequency response (ref=2vrms, a v =8.2) 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 amplitude (dbr) 100 1k 10k frequency (hz) 0 -20 -40 -60 -80 -100 -120 -140 amplitude (dbv) 20 100 1k 10k frequency (hz) thd+n (%) frequency (hz) 100 10 1 0.1 0.01 thd+n (%) 20 100 1k 10k frequency (hz) thd+n (%) p out  (w) 20 10 1 0.1 0.01 20 10 1 0.1 0.01 thd+n (%) 0.1 1 10 30 0.1 1 10 30 p out  (w) f=1khz f=10khz f=10khz f=100hz f=100hz f=1khz 100 10 1 0.1 0.01 20 100 1k 10k

 mp7720 ? 20w class d mono single ended audio amplifier    mp7720 rev. 2.1  www.monolithicpower.com   5   1/22/2010  mps proprietary information. unaut horized photocopy and duplication prohibited.    ? 2010 mps. all rights reserved.  operation the mp7720 is a single-ended class d audio  amplifier. it uses the monolithic power systems  patented analog adaptive modulation tm  to  convert the audio input signal into pulses.  these pulses drive an internal high-current  output stage and, when filtered through an  external inductor-capacitor filter, reproduce the  input signal across the load. because of the  switching class d output stage, power  dissipation in the amplifier is drastically reduced  when compared to class a, b or a/b amplifiers  while maintaining high fidelity and low distortion.  the amplifier uses a differential input to the  modulator. pin is the positive input and nin is  the negative input. the common mode voltage  of the input is set to half the dc power supply  input voltage (v dd /2) through the resistive  voltage divider formed by r2 and r3. the input  capacitor c1 couples the ac signal at the input.  the amplifier voltage gain is set by the  combination of r1 and r4 and is calculated by  the equation:  1 r 4 r av ? =   the output driver stage uses two 180m ?   n-channel mosfets to deliver the pulses to  the lc output filter which in turn drives the load.  to fully enhance the high-side mosfet, the  gate is driven to a voltage higher than the  source by the bootstrap capacitor between sw  and bs. while the output is driven low, the  bootstrap capacitor is charged from v dd  through  an internal circuit on the mp7720. the gate of  the high-side mosfet is driven high from the  voltage at bs, forcing the mosfet gate to a  voltage higher than v dd  and allowing the  mosfet to fully turn on, reducing power loss in  the amplifier.  pop elimination  the capacitor c9 passes only ac currents to  the load. to insure that the amplifier passes low  frequency signals, the time constant of  c9*r load  needs to be long. however, when en  is asserted, the capacitor charges over a long  period and in a normal amplifier can result in a  turn on and/or turn off ?pop.? the mp7720  includes integrated circuitry that eliminates the  turn on and turn off pop associated with the  charging of the ac coupling capacitor.  short circuit/overload protection  the mp7720 has internal overload and short  circuit protection. the currents in both the high- side and low-side mosfets are measured and  if the current exceeds the 5.0a short circuit  current limit, both mosfets are turned off. the  mp7720 then restarts with the same power up  sequence that is used for normal starting to  prevent a pop from occurring after a short  circuit condition is removed.  mute/enable function  the mp7720 en input is an active high enable  control. to enable the mp7720, drive en with a  2.0v or greater voltage. to disable the amplifier,  drive it below 0.4v. while the mp7720 is  disabled, the vdd operating current is less than  5a and the output driver mosfets are turned  off. the mp7720 requires approximately 500ms  from the time that en is asserted (driven high)  to when the amplifier begins normal operation. 

 mp7720 ? 20w class d mono single ended audio amplifier    mp7720 rev. 2.1  www.monolithicpower.com   6   1/22/2010  mps proprietary information. unaut horized photocopy and duplication prohibited.    ? 2010 mps. all rights reserved.  application information component selection  the mp7720 uses a minimum number of  external components to complete a class d  audio amplifier. the circuit of figure 1 is  optimized for a 24v power supply and a 1.5v  rms maximum input signal. this circuit should  be suitable for most applications. however, if  this circuit is not suitable, use the following  sections to determine how to customize the  amplifier for a particular application.  setting the voltage gain  the maximum output voltage swing is limited by  the power supply. to achieve the maximum  power out of the mp7720 amplifier, set the gain  such that the maximum input signal results in  the maximum output voltage swing.  the maximum output voltage swing is v dd /2.  for a given input signal voltage, where v in (pk)  is the peak input voltage, the maximum voltage  gain is:  ) pk ( v 2 v ) max ( a in dd v  =   this voltage gain setting results in the peak  output voltage approaching it?s maximum for  the maximum input signal. in some cases the  amplifier is allowed to overdrive slightly,  allowing the thd to increase at high power  levels, and so a higher gain than a v  (max) is  required.  setting the switching frequency  the idle switching frequency is a function of v dd ,  the capacitor c3 and the feedback resistor r4.  lower switching frequencies result in more  inductor ripple, causing more quiescent output  voltage ripple and increasing the output noise  and distortion. higher switching frequencies  result in more power loss. the optimum  quiescent switching frequency is approximately  600khz to 700khz. refer to the operating  specifications for recommended values.  table 1?switching frequency vs. integrating  capacitor and feedback resistor (see figure 1)  gain   (v/v) gain  (db) r 4  (k ? ) r 1  (k ? )   c 3  f sw   v dd   (v) 3.9 11.8 39 10 6.8nf 660khz 12  8.2 18.3 82 10 3.3nf 660khz 12  8.3 18.4 39 4.7 6.8nf 660khz 12  12.0 21.6 120 10 2.2nf 610khz 12  17.4 24.8 82 4.7 3.3nf 660khz 12  25.5 28.1 120 4.7 2.2nf 610khz 12  5.6 15.0 56 10 8.2nf 670khz 24  8.2 18.3 82 10 5.6nf 720khz 24  11.9 21.5 56 4.7 8.2nf 670khz 24  12.0 21.6 120 10 4.7nf 620khz 24  17.4 24.8 82 4.7 5.6nf 720khz 24  25.5 28.1 120 4.7 4.7nf 620khz 24  33.0 30.4 330 10 1.8nf 700khz 24  choosing the lc filter  the inductor-capacitor (lc) filter converts the  pulse train at sw to the output voltage that  drives the speaker. typical values for the lc  filter are shown in figure 1, 10h inductor and  0.47f capacitor.   the characteristic frequency of the lc filter  needs to be high enough to allow high  frequency audio to the output, yet needs to be  low enough to filter out high frequency products  of the pulses from sw. the characteristic  frequency of the lc filter is:  () 2 1 0 lc 2 1 f  =   the voltage ripple at the output is approximated  by the equation:  ? ? ? ? ? ? ? ?  ? sw 0 dd ripple f f v v  

 mp7720 ? 20w class d mono single ended audio amplifier    mp7720 rev. 2.1  www.monolithicpower.com   7   1/22/2010  mps proprietary information. unaut horized photocopy and duplication prohibited.    ? 2010 mps. all rights reserved.  the quality factor (q) of the lc filter is important.  if this is too low, output noise will increase, if this  is too high, then peaking may occur at high  signal frequencies reducing the passband  flatness. the circuit q is set by the load  resistance (speaker resistance, typically 4 ?  or  8 ? ). the q is calculated as:  r l f 2 r l q 0 0    =   =    0  is the characteristic frequency in radians per  second and f 0  is in hz. use an lc filter with q  between 0.7 and 1.  the actual output ripple and noise is greatly  affected by the type of inductor and capacitor  used in the lc filter. use a film capacitor and an  inductor with sufficient power handling capability  to supply the output current to the load. the  inductor should exhibit soft saturation  characteristics. if the inductor exhibits hard  saturation, it should operate well below the  saturation current. gapped ferrite, mpp,  powdered iron, or similar type toroidal cores are  recommended. if open or shielded bobbin ferrite  cores are used for multi-channel designs, make  sure that the start windings of each inductor line  up (all starts going toward sw pin, or all starts  going toward the output) to prevent crosstalk or  other channel-to-channel interference.  output coupling capacitor  the output ac coupling capacitor c9 serves to  block dc voltages and thus passes only the  amplified ac signal from the lc filter to the load.  the combination of the coupling capacitor, c9  and the load resistance results in a first-order  high-pass filter. the value of c9 should be  selected such that the required minimum  frequency is still allowed to pass. the output  corner frequency (-3db point), f out , can be  calculated as:  9 c r 2 1 f load out     =   set the output corner frequency (f out ) at or  below the minimum required frequency.  the output coupling capacitor carries the full  load current, so a capacitor should be chosen  such that its ripple current rating is greater than  the maximum load current. low esr aluminum  electrolytic capacitors are recommended.  input coupling capacitor  the input coupling capacitor c1 is used to pass  only the ac signal at the input. in a typical  system application, the source input signal is  typically centered around the circuit ground,  while the mp7720 input is at half the power  supply voltage (v dd /2). the input coupling  capacitor transmits the ac signal from the  source to the mp7720 while blocking the dc  voltage. choose an input coupling capacitor  such that the corner frequency (f in ) is less than  the passband frequency. the corner frequency  is calculated as:  1 c 1 r 2 1 f in     =   power source  for maximum output power, the amplifier circuit  requires a regulated external power source to  supply the power to the amplifier. the higher  the power supply voltage, the more power can  be delivered to a given load resistance,  however if the power source voltage exceeds  the maximum operating voltage of 24v, the  mp7720 may sustain damage. the power  supply rejection of the mp7720 is excellent  (typically 60db), however noise at the power  supply can get to the output, so care must be  taken to minimize power supply noise within the  pass-band frequencies. bypass the power  supply with a large capacitor (typically  aluminum electrolytic) along with a smaller 1f  ceramic capacitor at the mp7720 v dd  supply  pins.  circuit layout  the circuit layout is critical for optimum  performance and low output distortion and  noise. place the following components as close  to the mp7720 as possible:  power supply bypass, c5   c5 carries the transient current for the switching  input stage. to prevent overstressing of the  mp7720 and excessive noise at the output,  place the power supply bypass capacitor as  close to pins 6 (vdd) and 8 (pgnd) as  possible. 

 mp7720 ? 20w class d mono single ended audio amplifier    mp7720 rev. 2.1  www.monolithicpower.com   8   1/22/2010  mps proprietary information. unaut horized photocopy and duplication prohibited.    ? 2010 mps. all rights reserved.  output catch diode, d1   d1 carries the current over the dead-time while  both mosfet switches are off. place d1  between pins 7 (sw) and 8 (pgnd) to prevent  the voltage at sw from swinging excessively  below ground.  input modulator capacitor, c3   c3 is used to set the amplifier switching  frequency and is typically on the order of a few  nanofarads. place c3 as close to the differential  input pins (1 and 2) as possible to reduce  distortion and noise.  reference bypass capacitor, c2   c2 filters the ? v dd  reference voltage at the  pin input (pin 1). place c2 as close to pin as  possible to improve power supply rejection and  reduce distortion and noise at the output.  use two separate ground planes, analog  ground (agnd) and power ground (pgnd),  and connect the two grounds together at a  single point to prevent noise injection into the  amplifier input to reduce distortion. power  components (c5, d1, c6 and c8) connect to  the power ground. the quiet analog  components (c2, c3, r2, and the input source  ground) connect to the analog ground.  place the input and feedback resistors r1 and  r4 as close to the nin input as possible. make  sure that any traces carrying the switching node  (sw) voltage are separated far from any input  signal traces. if multiple amplifiers are used on  a single board, make sure that each channel is  physically separated to prevent crosstalk. if it is  required to run the sw trace near the input,  shield the input with a ground plane between  the traces. make sure that all inductors used on  a single circuit board have the same orientation.  if multiple channels are used on a single board,  make sure that the power supply is routed from  the source to each channel individually, not  serially. this prevents channel-to-channel  coupling through the power supply input.  high v dd  operation  when operating at higher supply voltages,  special care must be taken to ensure that the  v dd  level does not exceed the absolute  maximum supply rating of the ic.  power supply  pumping is of significant concern when  operating near the maximum supply voltage.   supply pumping is an effect where the v dd   voltage is ?pumped up? to a higher potential  when charge from the output dc blocking  capacitor is transferred to the power supply rail  during switch transitions.  the simplest way to  handle excess pumping is to increase the size  of the v dd  main bulk capacitance such that the  extra charge will be absorbed by the increased  capacitance, with minimal supply increase.   one way to eliminate supply pumping  altogether is to use a different output  configuration circuit.  figure 2 shows such an  alternate configuration for connecting the  speaker load.  with this configuration, one side  of the speaker load is connected directly to the  output of the lc filter, while the other side is  connected to the mid-point of a series  capacitor-divider (c26, c28).  both the lc filter  point and the mid point of the capacitor divider  will be at a dc bias level of ? v dd , so the net  dc across the speaker is 0v dc .  with the  speaker connected in this fashion, there is no  series capacitor to cause supply pumping, and  supply pumping is virtually eliminated.  if the  output is connected in this way, however,  additional circuitry may be required to protect  the speaker from damage in the event of a  short circuit.  because both sides of the  speaker will be typically biased at ? v dd , a  short-circuit to gnd on the negative side of the  speaker load will result in a large dc current  through the load.  for example, if v dd =24v and  r l =4 ? , there will be 12/4=3a of dc current  through the load.  this current will be sustained  by the output fet stage of the ic as it will not  trigger the internal over-current protection  sense circuitry.  a simple external sense circuit  will be required for those applications which  may experience an externally applied short  circuit under normal use.  an example of such a  circuit is also shown in figure 2. 

 mp7720 ? 20w class d mono single ended audio amplifier    mp7720 rev. 2.1  www.monolithicpower.com   9   1/22/2010  mps proprietary information. unaut horized photocopy and duplication prohibited.    ? 2010 mps. all rights reserved.  electro-magnetic interference (emi)  considerations  due to the switching nature of the class d  amplifier, care must be taken to minimize the  effects of electromagnetic interference from the  amplifier. however, with proper component  selection and careful attention to circuit layout,  the effects of the emi due to the amplifier  switching can be minimized.  the power inductors are a potential source of  radiated emissions. for the best emi  performance, use toroidal inductors, since the  magnetic field is well contained inside the core.  however toroidal inductors can be expensive to  wind. for a more economical solution, use  shielded gapped ferrite or shielded ferrite  bobbin core inductors. these inductors typically  do not contain the field as well toroidal  inductors, but usually can achieve a better  balance of good emi performance with low cost.  the size of high-current loops that carry rapidly  changing currents needs to be minimized. to  do this, make sure that the v dd  bypass  capacitor (c5) is as close to the mp7720 as  possible.  nodes that carry rapidly changing voltage, such  as sw, need to be made as small as possible.  if sensitive traces run near a trace connected to  sw, place a ground shield between the traces. 

 mp7720 ? 20w class d mono single ended audio amplifier    mp7720 rev. 2.1  www.monolithicpower.com   10   1/22/2010  mps proprietary information. unaut horized photocopy and duplication prohibited.    ? 2010 mps. all rights reserved.  typical application circuits  + audio input off on v dd 9.5v to 24v mp7720 sw bs pgnd vdd pin en nin agnd mp7720_f01 + c10 390pf d2 6.2v d1 1a 30v c4 10pf c3 5.6nf 8 6 5 7 1 4 2 3   figure 1?20w mono typical application circuit    + + en out1 q4 2n3904 q3 2n3904   figure 2?alternate configuration for high v dd  applications     

 mp7720 ? 20w class d mono single ended audio amplifier    mp7720 rev. 2.1  www.monolithicpower.com   11   1/22/2010  mps proprietary information. unaut horized photocopy and duplication prohibited.    ? 2010 mps. all rights reserved.  package information  soic8 

 mp7720 ? 20w class d mono single ended audio amplifier    notice:  the information in this document is subject to change wi thout notice. users should warra nt and guarantee that third  party intellectual property rights are not infringed upon w hen integrating mps products into  any application. mps will not  assume any legal responsibility for any said applications.  mp7720 rev. 2.1  www.monolithicpower.com   12   1/22/2010  mps proprietary information. unaut horized photocopy and duplication prohibited.    ? 2010 mps. all rights reserved.  pdip8  note:   1) control dimension is in inches.   dimension in bracket is in millimeters.   2) package length and width do no t include mold flash, or protrusions.   3) drawing conforms to  jedec ms-001, variation ba.   4) drawing is not to scale.  0.008(0.20) 0.014(0.36) 0.240(6.10) 0.260(6.60) pin 1 id 0.050(1.27) 0.065(1.65) 0.367(9.32) 0.387(9.83) top view front view side view 1 4 85 0.300(7.62) 0.325(8.26) 0.320(  8.13) 0.400(10.16) 0.125(3.18) 0.145(3.68) 0.120(3.05) 0.140(3.56) 0.015(0.38) 0.021(0.53) 0.100(2.54) bsc 0.015(0.38) 0.035(0.89)    
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