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		  Datasheet File OCR Text:


		  fn6783 rev.1.00 page 1 of 21 may 5, 2016 fn6783 rev.1.00 may 5, 2016 D2-41051, d2-41151 intelligent digital amplifier p wm controller and audio processo r   datasheet the  D2-41051  and  d2-41151  (d2-41x51-qr) devices are  complete system-on-chip (soc) audio processor and class-d  amplifier controllers, offering a powerful yet very cost effective  audio solution for high volume consumer products, including  digital tv systems, pc multimedia speakers, and portable  device docking stations. this  4th generation digital audio  engine (dae-4)? device combines extensive integrated dsp  processing and configurable audio processing algorithms, for  complete audio system control. the d2-41x51-qr devices are  built upon the proven technolo gy present in d2audio's d2- 814xx, d2-914xx, and d2-926xx families of class-d controller  ics, while providing an optimized feature set for high volume  and cost-critical products.  the d2audio d2-41x51-qr devices offer the optimum balance  of functionality and lowest system material cost, especially in  an soc system architectures with i 2 s audio output. all audio  processing and amplifier control is handled by the  d2-41x51-qr, and its ease of integration to the existing  system processor handles all system control functions. related literature ? d2-41x51-qr technical reference ? dae-4 evaluation board guides features ? all digital class-d amplifier controller with integrated digital  signal processing (dsp) ? fully programmable audio signal path parameters ? up to 5 channels of digital signal processing (dsp) ? includes equalizers, filters, mixers and other common  audio processing blocks ? audio enhancement algorithms included ?i 2 s and s/pdif? digital audio stereo inputs ?i 2 c host control port ? asynchronous sample rate converters, sample rates from  32khz up to 192khz ? supports 2.0, 2.1 or bi-amp am plifier outputs with discrete  or integrated power stages applications ? pc/multimedia speakers ? digital tv audio systems ? portable device docking stations ? powered speaker systems typical application driver  d2-41x51-qr dae-4? pwm controller and audio processor pwm output drive fets output filter pwm0 pwm1 driver fets output filter pwm2 pwm3 output filter pwm6 output filter pwm7 stereo line out or headphone out 5 channel  pwm  engine 24 bit  digital  signal  processor 2 channel  sample  rate  converter digital  audio  interface s/pdif  digital  i/o  interface soc system  controller(s) i 2 s i 2 c control i 2 c s/pdif  buffer s/pdif  buffer optical/ coax in optical/ coax out (optional) (optional) d2audio ? soundsuite? 3 rd  party enhancements (srs wow/hd ? ) d2audio ? audio  canvas?  processing driver fets output filter pwm5 pwm4 left right subwoofer

 D2-41051, d2-41151 fn6783 rev.1.00 page 2 of 21 may 5, 2016 ordering information part number ( notes 3 ,  4 ) audio processing feature  set support ( note 2 ) part marking temp range  (c) tape and reel (units) package (rohs compliant) pkg. dwg. # D2-41051-qr d2audio? soundsuite? D2-41051-qr -10 to +85 - 48 ld qfn l48.7x7 D2-41051-qr-tk ( note 1 ) d2audio? soundsuite? D2-41051-qr -10 to +85 1k 48 ld qfn l48.7x7 d2-41151-qr d2audio? soundsuite? dts?(srs) wow/hd? d2-41151-qr -10 to +85 - 48 ld qfn l48.7x7 d2-41151-qr-tk ( note 1 ) d2audio? soundsuite? dts?(srs) wow/hd? d2-41151-qr -10 to +85 1k 48 ld qfn l48.7x7 notes: 1. please refer to  tb347  for details on reel specifications. 2. the d2-41x51 family supports audio processing algorithms for  the d2audio soundsuite?, and dts?(srs) wow/hd? audio enhancement  features.  algorithm support of these enhancements  is device-dependent. refer to specific part number for desired feature support. 3. these intersil pb-free plastic packaged products employ spec ial pb-free material sets, molding compounds/die attach materials , and 100% matte  tin plate plus anneal (e3 termination finish , which is rohs compliant and compatible wi th both snpb and pb-free soldering opera tions). intersil pb- free products are msl classified at pb-free peak reflow temperat ures that meet or exceed the  pb-free requirements of ipc/jedec  j std-020. 4. for moisture sensitivity level (msl), please see device information page for  D2-41051   and  d2- 41151 . for more information on msl please see  techbrief  tb363 .

 D2-41051, d2-41151 fn6783 rev.1.00 page 3 of 21 may 5, 2016 table of contents typical application  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 ordering information  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 absolute maximum ratings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 thermal information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 recommended operating conditions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 electrical specifications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 serial audio interface port timing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 two-wire (i 2 c) interface port timing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  7 spi? master mode interface port timing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 spi? slave mode interface port timing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 pin configuration. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 D2-41051, d2-41151 pin descriptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 output configurations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 programmable audio processing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 typical performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 audio enhancement processing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 functional description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 serial audio digital input  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 s/pdif digital audio i/o. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 sample rate converter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 dsp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 audio processing and signal flow  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 audio enhancement feature processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 pwm audio outputs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 i/o control pins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 timers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 i 2 c 2-wire control interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 serial peripheral interface (spi)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 control register summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 temperature sensing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 overcurrent sensing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 power supply synchronization. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 error reporting. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 power sequencing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 clock and pll. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 reset and device initialization. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 boot modes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 output mode configurations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 configuration modes assignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 revision history. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 about intersil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 trademarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 disclaimer for dts?(srs) technology license required notice: .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  20 package outline drawing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21

 D2-41051, d2-41151 fn6783 rev.1.00 page 4 of 21 may 5, 2016 specifications absolute maximum ratings ( note 7 ) thermal information supply voltage rvdd, pwmvdd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -0.3v to 4.0v cvdd, pllvdd  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -0.3v to 2.4v input voltage any input but xtali  . . . . . . . . . . . . . . . . . . . . . . . . .  -0.3v to rvdd + 0.3v xtali  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -0.3v to pllvdd + 0.3v input current, any pin but supplies . . . . . . . . . . . . . . . . . . . . . . . . . . 10ma thermal resistance (typical) ? ja   (c/w) ? jc   (c/w) 48 ld qfn ( notes 5 ,  6 )  . . . . . . . . . . . . . . . .  27 2 temperature range (operating). . . . . . . . . . . . . . . . . . . . . . .  0c to +70c maximum storage temperature. . . . . . . . . . . . . . . . . . . .  -55c to +150c pb-free reflow profile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  see  tb493 caution: do not operate at or near the maximum ratings listed for extended periods of time. exposure to such conditions may adv ersely impact product reliability and result in failures not covered by warranty. notes: 5. ? ja  is measured in free air with the componen t mounted on a high effective thermal conduc tivity test board with ?direct attach? fe atures. see tech  brief  tb379 . 6. for  ? jc , the ?case temp? location is the center of  the exposed metal pad on the package underside. 7. absolute maximum parameters are not tested in production. recommended operating conditions t a  = +25c, cvdd = pllvdd = 1.8v 5%, rvdd = pwmvdd = 3.3v 10%. all grounds  at 0.0v. all voltages referenced to ground. pll at 294.912mhz, os c at 24.576mhz, core running at 147.456mhz with typical audio  data traffic. symbol parameter min typ max unit cvdd core supply pins 1.7 1.8 1.9 v active current - 300 - ma power-down current ( note 8 )-6-ma rvdd and pwmvdd digital i/o and pwm pad ring supply pins 3.0 3.3 3.6 v active current - 10 - ma power-down current ( note 8 ) - 0.01 - ma pllvdd analog supply pins (pll) 1.7 1.8 1.9 v active current - 10 - ma power-down current ( note 8 )-5-ma note: 8. power down is with device in reset and clocks stopped electrical specifications t a  = +25c, cvdd = pllvdd = 1.8v 5%, rvdd = pwmvdd = 3.3v 10%. all grounds at 0.0v. all voltages  referenced to ground. pll at 294.912mhz, osc at 24.576mhz, co re running at 147.456mhz with typical audio data traffic.  symbol parameter min typ max unit v ih digital input high logic level ( note 9 )2--v v il digital input low logic level ( note 9 )--0.8v v oh high level output drive voltage ( note 10 ) (i out  = -pad drive) rvdd - 0.4 - - v v ol low level output drive voltage ( note 10 ) (i out  = +pad drive) - - 0.4 v v ihx high level input drive voltage xtali pin 0.7 - pllvdd v v ilx low level input drive voltage xtali pin - - 0.3 v i in input leakage current ( note 11 )--10a c in input capacitance -9-pf c out output capacitance -9-pf trst nreset pulse width -10-ns

 D2-41051, d2-41151 fn6783 rev.1.00 page 5 of 21 may 5, 2016 crystal oscillator xo crystal frequency (fundamental mode crystal) 20 24.576 25 mhz dt duty cycle 40 - 60 % tstart start-up time (start-up time is oscillator enab led (with valid supply) to stable oscillation) - 5 20 ms pll fvco vco frequency 240 294.912 300 mhz pll lock time from any input change - 3 - ms 1.8v power on reset ven reset enabled voltage level 0.95 1.10 1.30 v tdis por minimum output pulse width - 5 - s 1.8v brownout detection detect level 1.4 1.5 1.7 v tbod1 pulse width rejection - 100 - ns to1 minimum output pulse width - 20 - ns 3.3v (cvdd) brownout detection detect level 2.4 2.7 2.9 v tbod3 pulse width rejection - 100 - ns to3 minimum output pulse width - 20 - ns notes: 9. all input pins except xtali 10. all digital output pins. drive strength for each digital pin is in the  ? D2-41051, d2-41151 pin descriptions ? on page 10 . 11. input leakage applies to all pins except xtalo electrical specifications t a  = +25c, cvdd = pllvdd = 1.8v 5%, rvdd = pwmvdd = 3.3v 10%. all grounds at 0.0v. all voltages  referenced to ground. pll at 294.912mhz, osc at 24.576mhz, co re running at 147.456mhz with typical audio data traffic.   (continued) symbol parameter min typ max unit

 D2-41051, d2-41151 fn6783 rev.1.00 page 6 of 21 may 5, 2016 serial audio interface port timing t a  = +25c, cvdd = pllvdd = 1.8v 5%, rvdd = pwmvdd = 3.3v 10%, xtali = 24.576  mhz, nessi clock polarity = 1. all grounds at  0.0v. all voltages referenced to ground. symbol description min typ max unit t c sclk sclk frequency - (sclk) - - 12.5 mhz t w sclk sclk pulse width (high and low) - (sclk) 40 - - ns t s lrclk lrckr set-up to sclk rising - (lrck) 20 - - ns t h lrclk lrckr hold from sc lk rising - (lrck) 20 - - ns t s sdi sdin set-up to sclk rising - (sdin) 20 - - ns t h sdi sdin hold from sclk rising - (sdin) 20 - - ns t c sclk lrck sclk sdin t h lrclk t s lrclk t s sdi t h sdi t w sclk t w sclk figure 1. serial audio interface port timing

 D2-41051, d2-41151 fn6783 rev.1.00 page 7 of 21 may 5, 2016   two-wire (i 2 c) interface port timing t a  = +25c, cvdd = pllvdd = 1.8v 5%, rvdd = pwmvdd = 3.3v 10%. all grounds at  0.0v. all voltages referenced to ground. symbol description min typ max unit fscl scl frequency --100khz t buf bus free time between transmissions  4.7 - - s t wlow sclx scl clock low  4.7 - - s t whigh sclx scl clock high  4.0 - - s t s sta set-up time for a (repeated) start 4.7 - - s t h sta start condition hold time 4.0 - - s t h sdax sda hold from scl falling (see  note 12 ) - 1 - sys clk t s sdax sda set-up time to scl rising  250 - - ns t d sdax sda output delay time from scl falling - - 3.5 s t r rise time of both sda and scl (see  note 13 ) - - 1 s t f fall time of both sda and scl (see  note 13 ) - - 300 ns t s sto set-up time for a stop condition 4.7 - - s notes: 12. data is clocked in as valid on next xtali rising edge after scl goes low. 13. limits established by characteri zation and not production tested. t wlow sclx sclx sdax  (input) t s sta t h stax t r t f t s sdax t h sdax t s sto t buf sdax  (output) t d sdax t whigh sclx figure 2. i 2 c interface timing

 D2-41051, d2-41151 fn6783 rev.1.00 page 8 of 21 may 5, 2016   spi? master mode interface port timing t a  = +25c, cvdd = pllvdd = 1.8v 5%, rvdd = pwmvdd = 3.3v 10%. all  grounds at 0.0v. all voltag es referenced to ground. symbol description min max unit t v mosi valid from clock edge - 8 ns t s miso set-up to clock edge 10 - ns t h miso hold from clock edge 1 system clock + 2ns t wi nss minimum width 3 system clocks + 2ns spi? slave mode interface port timing t a  = +25c, cvdd = pllvdd = 1.8v 5%, rvdd = pwmvdd = 3.3v 10%. all grounds  at 0.0v. all voltages referenced to ground. symbol description min max unit t v miso valid from clock edge 3 system clocks + 2ns t s mosi set-up to clock edge 10 - ns t h mosi hold from clock edge 1 system clock + 2ns t wi nss minimum width 3 system clocks + 2ns sck(cpha = 1, cpol = 0) mosi nss sck(cpha = 0, cpol = 0) miso(cpha = 0) t v t v t h t s t wi figure 3. spi timing

 D2-41051, d2-41151 fn6783 rev.1.00 page 9 of 21 may 5, 2016 pin configuration D2-41051, d2-41151 (48 ld qfn) top view 1 2 3 4 5 6 7 8 9 10 11 12 36 35 34 33 32 31 30 29 28 27 26 25 sclk sdin lrck mclk cvdd cgnd rgnd rvdd tempref/sck nmute/tio1 vo l1/miso temp1/mosi pwmvdd pwm0 pwm1 pwm2 pwm3 pwmgnd pwmvdd pwm4 pwm5 pwm6 pwm7 pwmgnd 48 47 46 45 44 43 42 41 40 39 38 37 scl sda tempcom/tio0 nrese t nrstout cvdd cgnd vo l0/nss pllavdd xtalo xtali pllagnd

 D2-41051, d2-41151 fn6783 rev.1.00 page 10 of 21 may 5, 2016 D2-41051, d2-41151 pin descriptions  pin  pin name ( notes 14 ,  16 )type voltage  level (v) drive strength (ma) ( note 15 )description 1sclk i3.3 -i 2 s serial audio bit clock (sclk) input. input has hysteresis.  2sdin i3.3 -i 2 s serial audio data (sdin) input. input has hysteresis. 3lrck i3.3 -i 2 s serial audio left/right (lrck) input. input has hysteresis. 4mclk o3.3 16i 2 s serial audio master clock output for external adc/dac components, drives  low on reset. output is an 8ma driver.  5 cvdd p 3.3 - core power, +1.8vdc. used in the chip internal dsp, logic and interfaces.  6cgnd p3.3 -core ground 7 rgnd p 3.3 - digital pad ring ground. internally connected to pwmgnd. 8 rvdd p 3.3 - digital pad ring power, 3.3v. this 3. 3v supply is used for all the digital i/o pad  drivers and receivers, except for the anal og pads. there are 2 of these pins and  both are required to be connected.  internally connected to pwmvdd. 9 tempref/ sck i/o 3.3 4 reference pin for temperature monitor  and spi clock. at deassertion of device  reset, pin operates as spi clock. upon  internal d2-41x51-qr firmware execution,  pin becomes temperature monitor reference. 10 nmute/ tio1 o 3.3 16 mute signal output. low active: mute co ndition drives pin low. output is a 16ma  driver. initializes as input on reset, then becomes output upon internal firmware  execution. 11 vol1/ miso i/o 3.3 4 volume control pulse input and spi master- input/slave-output data signal. at  deassertion of device reset, pin operates as spi master input or slave output. then  upon internal d2-41x51-qr firmware execution, pin becomes input for monitoring  up/down phase pulses from volume control. (1 of 2 volume input pins.) 12 temp1/ mosi i/o 3.3 4 temperature monitor pin and spi master-output/slave-input data signal. at  deassertion of device reset, pin operates as spi master output or slave input. then  upon internal d2-41x51-qr firmware execution, pin becomes input for monitoring  temperature. 13 spdifrx i 3.3 - s/pdif digital audio data input 14 spdiftx o 3.3 8 s/pdif digital audio data output this  pin is the s/pdif audio output and drives an  8ma, 3.3v stereo output up to 192khz. pin floats on reset. 15 test i 3.3 - hardware test mode control. for factory use only. must be tied low. 16 irqa i 3.3 - interrupt request port a. one of 2 irq  pins, tied to logic (3.3v) high or to ground.  high/low logic status establishes boot mode selection upon deassertion of reset  (nreset) cycle. 17 irqb i 3.3 - interrupt request port b. one of 2 irq  pins, tied to logic (3.3v) high or to ground.  high/low logic status establishes boot mode selection upon deassertion of reset  (nreset) cycle. 18 rgnd p 3.3 - digital pad ring ground. internally connected to pwmgnd. 19 rvdd p 3.3 - digital pad ring power, 3.3v. this 3.3v supply is used for all the digital i/o pad  drivers and receivers, except for the anal og pads. there are 2 of these pins and  both are required to be connected.  internally connected to pwmvdd. 20 nerror/ cfg0 i/o 3.3 4 output configuration selection input,  and nerror output. upon device reset, pin  operates as input, using application-installed pull-up or pull-down connection to  pin to specify one of 4 amplifier conf igurations. upon internal d2-41x51-qr  firmware execution, pin becomes output, providing active-low output drive when  amplifier protection monitoring detects an error condition.

 D2-41051, d2-41151 fn6783 rev.1.00 page 11 of 21 may 5, 2016 21 pssync/ cfg1 i/o 3.3 4 output configuration selection input, and power supply sync output. upon device  reset, pin operates as input, using ap plication-installed pull-up or pull-down  connection to pin to specify one of 4  amplifier configurations. upon internal  d2-41x51-qr firmware execution, pin be comes output, providing synchronizing  signal to on-board power supply circuits. 22 protect0 i/o 3.3 4 pwm protection input. input has hy steresis. protection monitoring functionality of  pin is controlled by internal d2-41x51-q r firmware, and dependent on which of the  4 amplifier configurations is enabled. 23 protect1 i/o 3.3 4 pwm protection input. input has hy steresis. protection monitoring functionality of  pin is controlled by internal d2-41x51-q r firmware, and dependent on which of the  4 amplifier configurations is enabled. 24 protect2 i/o 3.3 4 pwm protection input. input has hy steresis. protection monitoring functionality of  pin is controlled by internal d2-41x51-q r firmware, and dependent on which of the  4 amplifier configurations is enabled. 25 pwmgnd p 3.3 - pwm output pin ground. internally connected to rgnd. 26 pwm7 i/o 3.3 8 or 16 pwm output. output is 8ma or 16ma, depending on output mode configuration  setting. pin floats on reset. 27 pwm6 i/o 3.3 8 or 16 pwm output. output is 8ma or 16ma, depending on output mode configuration  setting. pin floats on reset. 28 pwm5 i/o 3.3 8 or 16 pwm output. output is 8ma or 16ma, depending on output mode configuration  setting. pin floats on reset. 29 pwm4 i/o 3.3 8 or 16 pwm output. output is 8ma or 16ma, depending on output mode configuration  setting. pin floats on reset. 30 pwmvdd p 3.3 - pwm output pin power. this 3.3v supp ly is used for the pwm pad drivers. internally  connected to rvdd. 31 pwmgnd p 3.3 - pwm output pin ground. internally connected to rgnd. 32 pwm3 i/o 3.3 8 or 16 pwm output. output is 8ma or 16ma, depending on output mode configuration  setting. pin floats on reset. 33 pwm2 i/o 3.3 8 or 16 pwm output. output is 8ma or 16ma, depending on output mode configuration  setting. pin floats on reset. 34 pwm1 i/o 3.3 8 or 16 pwm output. output is 8ma or 16ma, depending on output mode configuration  setting. pin floats on reset. 35 pwm0 i/o 3.3 8 or 16 pwm output. output is 8ma or 16ma, depending on output mode configuration  setting. pin floats on reset. 36 pwmvdd p 3.3 - pwm output pin power. this 3.3v supp ly is used for the pwm pad drivers. internally  connected to rvdd. 37 pllgnd p 1.8 - pll analog ground 38 xtali p 1.8 -  crystal oscillator analog input port.  39 xtalo p 1.8 -  crystal oscillator analog output port. this output drives the crystal and xtalo does  not have a drive strength specification. 40 pllvdd p 1.8 - pll analog power, 1.8v 41 vol0/ nss i/o 3.3 4 volume control pulse input and spi slave select. at deassertion of device reset, pin  operates as spi slave select input. then upon internal d2-41x51-qr firmware  execution, pin becomes input for monitoring up/down phase pulses from volume  control. (1 of 2 volume input pins.) 42 cgnd p 3.3 - core ground D2-41051, d2-41151 pin descriptions   (continued) pin  pin name ( notes 14 ,  16 )type voltage  level (v) drive strength (ma) ( note 15 )description

 D2-41051, d2-41151 fn6783 rev.1.00 page 12 of 21 may 5, 2016 overview the d2-41x51-qr devices are integrated system-on-chip (soc)  audio processor and class d amplifier pwm controller. they  include complete digital audio input selection, signal routing,  complete audio processing, and  selectable pwm output options  for driving multiple output power stage configurations. stereo i 2 s  and stereo s/pdif digital input support, plus i 2 c and 2-wire spi  control interfaces enable integrat ion compatibility with existing  system architectures and solutions. the audio path includes a  stereo sample rate converter (src) plus device-specific audio  enhancement processing algorithms.  output configurations a 5-channel pwm engine with appl ication-selected configuration  settings provides output paths for combinations of output  channels. application dependent co nfiguration selection includes  pwm controller outputs for driving stereo speaker, 2.1 speaker,  and stereo bi-amp speaker soluti ons, as well as stereo line,  headphone outputs, or subwoofer  line outputs. depending on  configuration settings, full-bridge, half-bridge and bridge-tied- load (btl) output stage topologies, with either discrete or  integrated output st ages are supported.  programmable audio processing programmable parameter settings for audio processing include  volume control, path routing and mixing, high/low pass filtering,  multi-band equalizers, compressors, and loudness. these  parameters can be adjusted using the d2audio? canvas ii?  software during design and development, or can be set through  the device?s control interface within production amplifier  products. typical performance final system performance is largely determined by the amplifier  configuration, its choice of  output power stages and  components, and overall system design. typical performance  capability of amplifier power outputs varies from less than 10  watts to systems over 150 watts. system audio performance  includes 20hz to 20khz frequenc y response, snr of greater than  100db, and thd+n performance typically below 0.1%. audio enhancement processing the d2-41x51-qr devices include d2audio? soundsuite?  (within the D2-41051 device) and dts?(srs) wow/hd? (within  the d2-41151 device) audio enhancement algorithms. these  functions are integrated within the firmware of each device, and  are part of the standard audio signal flow. functional description figure 4  shows a block diagram of the d2-41x51-qr devices, and  serves as a reference for many of the items in the following  descriptions. additional information, including detailed  programming and parameter data, communication detail, and  amplifier design implementation is described in the  d2-41x51-qr technical referenc e document, available from  intersil corporation.  43 cvdd p 3.3 - core power, +1.8vdc. used in the chip internal dsp, logic and interfaces.  44 nrstout o 3.3 16 - od active low output. pin drives lo w from 3.3v brownout detector or 1.8v brownout  detector going active. this output should be used to initiate a system reset to the  nreset pin upon brownout event detection. 45 nreset i 3.3 - active low reset input with hysteresis. low level activates system level reset,  initializing all internal logic and program operations. system latches boot mode  selection on the irq input pins on the rising edge. 46 tempcom/ tio0 i/o 3.3 16 temperature monitor common i/o pin. 47 sda i/o 3.3 8 - od two-wire serial data port, open drain driver with 8ma drive strength. bidirectional  signal used by both the master and slave controllers for data transport. pin floats  on reset.  48 scl i/o 3.3 8 - od two-wire serial clock port, open  drain driver with 8ma driv e strength. bidirectional  signal is used by both the master and  slave controllers for clock signaling. pin  floats on reset. notes: 14. unless otherwise specified, all pin names are active high. th ose that are active low have an ?n? prefix, such as nreset.  15. od means pad has open drain driver. 16. all power and ground pins of same names are to be tied together to all other pins of their same name. (i.e., rvdd pins to be  tied together, rgnd pins  tied together, cvdd pins tied together, cgnd pins to be tied  together, pwmvdd pins tied together , pwmgnd pins tied together, et c.) D2-41051, d2-41151 pin descriptions   (continued) pin  pin name ( notes 14 ,  16 )type voltage  level (v) drive strength (ma) ( note 15 )description

 D2-41051, d2-41151 fn6783 rev.1.00 page 13 of 21 may 5, 2016 serial audio digital input the d2-41x51-qr devices include one serial audio interface (sai)  port accommodating two channels of digital audio input. this sai  port supports the i 2 s digital audio industry standard, and can carry  up to 24-bit linear pcm audio words. the sai input port operates in  slave mode only. the digital audio input from the sai input port  routes directly through the sample rate converters (src). either  this i 2 s digital input or the s/pdif digital input may be selected  as the audio path source.  s/pdif digital audio i/o the d2-41x51-qr contains one iec60958 compliant s/pdif  digital receiver input and one iec60958 compatible s/pdif  digital transmitter.  the s/pdif receiver input includes an input transition detector,  digital pll clock recovery, and a decoder to separate the audio  data. the receiver meets the jitter tolerance specified in  iec60958-4.  the s/pdif transmitter complies  with the consumer applications  defined in iec60958-3. the transmitter supports 24-bit audio  data, but does not support user data and channel status.  compressed digital formats are not decoded within the  d2-41x51-qr devices. but a bit-exact pass-through mode from  the spdifrx input to the spdiftx output is supported, allowing  for designs that require that  the iec61937-compliant original  compressed audio input bitstream be made available at the  product?s s/pdif output.  sample rate converter the d2-41x51-qr devices include a 2-channel asynchronous  sample rate converter (src). this src is used to convert audio  data input sampled at one input sample rate, to a fixed 48khz  output sample rate, aligning as ynchronous input audio streams  to a single rate for system processing. audio data presented to  the src can be from either the sai or s/pdif input sources, with  an input sample rate from 16khz to 192khz.  in addition to converting the input sample rate to the output  sample rate, input clock jitter and sampling jitter are attenuated  by the src. dsp a 24-bit fixed-point digital signal processor (dsp) controls the  majority of audio processing and  system control functions within  the d2-41x51-qr devices.  audio path signal routing, prog rammable-paramet er processing  blocks, and control logic are defined within the device?s internal  firmware. signal flows through the device are buffered and  processed through hardware specif ic-function blocks, such as the  sample rate converter.  audio processing  and signal flow the audio processing within the d2-41x51-qr devices is defined  by the internal rom firmware, and executed by the dsp. this  firmware defines the audio flow  architecture and the processing  blocks used in that definition.  figure 5 on page 16  shows the  signal flow for the d2-41x51 -qr devices. general audio  processing functions within  this architecture include: ?matrix mixers ?routers ? compressors and limiters ?tone controls ? multi-band equalizers (fully parametric and shelving) ? high-pass and low-pass crossover filters ? volume and level controls ? loudness compensation ? input signal selection signal flow and total system definition is defined by the internal  device firmware, but each of these blocks are programmable,  allowing for adjustment of all of their parameters.  signal flow and details of each  of these audio processing blocks  are shown in  figure 5 . programming details, register  identification, and parameter calculations are included in the  d2-41x51-qr technical reference document.

 fn6783 rev.1.00 page 14 of 21 may 5, 2016 D2-41051, d2-41151 linear  interpolator pwm correction noise shaper quantizer output drive spdifrx spdiftx serial audio  interface port (i 2 s data type  receiver) spi, i/o pll sample rate converters input  selection mixers,  routers input  processing control,  initialization D2-41051, d2-41151 dae-4? ? tone controls ? multi-band equalizers ? high/low-pass  crossovers ? loudness ? compressors/limiters ? individual channel  control ? volume control enhancement audio processing algorithms  (part-number dependent) 24-bit fixed-point digital signal processor  with 56-bit mac (signal processing and configuration blocks defined by device rom firmware) s/pdif digital audio  receiver,  transmitter sclk sdin lrck mclk nreset nrstout test irqa irqb xtali xtalo 2-wire (i 2 c- compatible) sda scl timers, i/o tempref/ sck temp1/ mosi vol1/ miso vol0/ nss tempcom/ tio0 nmute/ tio1 pllvdd pllgnd pwmvdd pwmgnd rvdd rgnd cvdd cgnd 2 2 2 2 2 2 power supply protect inputs protect0 protect1 protect2 config, i/o pssync/ cfg1 nerror/ cfg0 pwm0 pwm1 pwm2 pwm3 pwm4 pwm5 pwm6 pwm7 5 channel pulse width  modulator engine ? d2audio soundsuite? ? srs wow/hd ? audio processing firmware (rom) figure 4. D2-41051, d2-41151 functional block diagram

 D2-41051, d2-41151 fn6783 rev.1.00 page 15 of 21 may 5, 2016 audio enhancement feature processing additional enhancement audio  processing al gorithms are  included within specific part number options of the  d2-41x51-qr devices. these specific enhancements are: ? d2audio? soundsuite? (wid esound?, deepbass?, audio  align?, and clearvoice?) audio processing (with the D2-41051 device) ? dts?srs wow/hd? (with the d2-41151 device) each of these enhancements are  unique only to the particular  part number, and each enhancement has its own set of  programmable parameters to control operation. the location of  these enhancements within the signal flow is shown in  figure 5  on page 16 . pwm audio outputs the d2-41x51-qr devices incorporate five pwm output channels  that are mapped to eight pwm output pins. each of the pwm  channels and their pins are used for driving output power stages,  and/or for line level outputs, depending on the selected  configuration mode.  the outputs support multiple pw m amplifier output topologies.  these supported topologies include half-bridge n+n or n+p, and  full-bridge n+n or n+p using 2-level modulation with 2 or  4-quadrant control. the channel and function assignment of the  eight output pins as well as th e associated output topology is  established by the output mode configuration settings. refer to  ? output mode configurations ? on page 18  for description and  selection of these output config urations, and their associated  mapping of the pwm output pins. also refer to the d2-41x51-qr  technical reference document for additional operation of the  outputs. using a simple passive filter, the pwm outputs will drive line-level  outputs at a nominal 1v rms . headphone outputs or line-level  outputs that require a 2v rms  or higher output level are  implemented using an active filter. i/o control pins several device pins are used as specific-function inputs and  outputs and are used to control  amplifier and device operation.  some pins are multiple-purpose, where their functions are  different depending on the device operating state. functions of  these pins are defined in the pin definition list, and additional  descriptions are included within the functional block descriptions  elsewhere in this document. these pins are implemented within  the device hardware as general purpose inputs/outputs.  however, their operation is not programmable, and their specific  function is defined by the d2-41x51-qr internal firmware. timers there are two independent timers used for device and system  control. one timer is used for internal references, and the other is  used for the temperature sensing control. there are two i/o pins  associated with the timers, and  these pin functions are defined  by the device firmware. timer 0 is used for the timing-related  executions of the temperature monitoring algorithm. its pin  (tio0) is used as an input an d output for that temperature  monitoring operation. timer 1 is us ed for internal functions of the  device. its pin (tio1) is not used  for this timing operation, and is  defined by device firmware as the nmute i/o pin. timer  operation is established internally by firmware and not  programmable. i 2 c 2-wire control interface the d2-41x51-qr devices include a 2-wire i 2 c compatible  interface for communicating with an external controller.  this interface is usable with ei ther an external microcontroller  interface, or for communication to eeproms, or other  compatible peripheral chips. the i 2 c interface is multi-master  capable, operates as independent master and slave, and  supports normal and fast mode operation.  serial peripheral interface (spi) the serial peripheral interface (s pi) is an alternate serial input  port that provides an interface  for loading parameter data from  an optional eeprom or flash de vice during boot-up operation.  the four spi interface pins are all shared. this interface functions  only as an input port for extern al boot operation and does not  operate as an interactive control  port. during a reset condition,  initiating the boot-up process,  the four pins (tempref/sck,  temp1/mosi, vol1/miso, vol0/nss) operate as the spi port.  as soon as the boot-up process is completed and the device  begins executing its firmware program, these pins are no longer  used for spi functions, and operate as assigned by the firmware. control register summary the control register interface is used for an external controller to  adjust the amplifier?s programm able settings and adjustments  within its signal flow. these parameters for each of the signal  processing blocks are accessed  through a register programming  interface, and each parameters is defined with its specific  register address. audio input selection (i 2 s input or s/pdif  receiver input) and output elements (pwm amplifier and line  outputs, and s/pdif transmitte r) are controlled through their  register parameters.  all of these control register functions are defined in the  application programming interface  (api) specification within the  d2-41x51-qr technical reference document. 

 fn6783 rev.1.00 page 16 of 21 may 5, 2016 D2-41051, d2-41151 pwm pin  outputs 2x2 mixer tone 1 5 band eq 1 compressor 1 pwm channel 0 pwm channel 1 pwm channel 2 pwm channel 3 digita l input  select s/pdif digital  input 2x1 mixer speaker eq 1 4x4 router licensed audio processing algorithm *(see note) s/pdif pwm channel 4 2 src i 2 s digital  input compressor 2 tone 2 5 band eq 2 speaker eq 2 hp 1 lp 1 hp 2 lp 2 hp 3 lp 3 hp 4 lp 4 hp 5 lp 5 3 band eq 1 3 band eq 1 3 band eq 1 3 band eq 1 master volume control loudness 1 loudness 2 loudness 3 loudness 4 loudness 5 limiter 1 limiter 2 limiter 3 limiter 4 limiter 5 volume 1 volume 2 volume 3 volume 4 volume 5 crossovers 5 4 3 2 1 5 4 3 2 1 * note:  device-dependent licensed audio processing algorithm  supporting d2audio soundsuite?, or srs wow/hd ? . refer to device  ordering information for part number specifying each  algorithm. pwm  channel  pin mapping and drive pwm pin 0 pwm pin 1 pwm pin 2 pwm pin 3 pwm pin 4 pwm pin 5 pwm pin 6 pwm pin 7 figure 5. D2-41051, d2-41151 audio signal flow

 D2-41051, d2-41151 fn6783 rev.1.00 page 17 of 21 may 5, 2016 temperature sensing the temperature sensing algorithm  utilizes external hardware on  the amplifier?s design to moni tor system temperature. this  external hardware includes a ne gative temperature coefficient  (ntc) resistor located physically  on the design in an areas that  require monitoring.  this operation uses three of  the i/o pins (tempref/sck,  temp1/mosi, and tempcom/tio1).  these pins have shared  functions. during device initialization, these pins operate as part  of the spi interface, but after the firmware is executing, the spi  functionality turns off and these pins are dedicated to the  temperature monitoring function. overcurrent sensing overcurrent sensing is accomplished with current threshold  detectors connected in the power supply used at each power  stage output of the amplifier design.  design of these detectors is described in the d2-41x51-qr  technical reference document, but their purpose is to generate a  pulse or logic level upon detection of high current, where this  logic level is connected to one of the three protection input  (protect[0:2]) pins.  these protection input pins are primarily intended for protecting the  pwm powered output stages. they are activated by either a pulse or  level driven into the pin. firmware within the d2-41x51-qr devices  monitors the internal hardware connected to these pins, and adjusts  or disables the pwm output drive, depending on the conditions  monitored on these protection input pins.  the number of powered outputs in a design depends on which  one of the four configurations  is defined. the configuration  settings, established upon device  reset through the configuration  pins, also determines which of  the protection inputs are used. power supply synchronization the pssync/cfg1 pin provides a power supply synchronization  signal for switching power supplies. firmware configures this pin  to the frequency and duty cycle needed by the system switching  regulator. this synchronization  allows switching supplies used  with the device to operate wi thout generating in-band audio  interference signals that could be  possible if the switching power  supply is not locked to the amplifier switching. this pssync/cfg1 pin is a shared  pin. during device reset and  initialization, it operates as one of two configuration input pins,  where its high or low logic state is used to set the amplifier  configuration mode. after completion of reset and when the  device firmware begins operating, this pin becomes the pssync  output.  error reporting internal monitoring of system an d device operation uses an i/o  pin (nerror/cfg1) as an output to signal an external system  controller of a channel shutdown er ror condition. this output may  be used to turn on a simple indicator.  the error output is also used to  signal an external microcontroller  that the i 2 c bus may be busy. when the error output is low during  system initialization, the i 2 c bus is busy as a master device. this error output is active low and only becomes used as an  output after the device firmware has initialized and began  running. this same pin is shared  as an input. during a reset  condition, this pin operates as an input, and is one of two input  pins that are used to define the configuration mode. a resistor  pull-up or pull-down on this pi n establishes this mode input  configuration state. after comp letion of the initialization  sequence, these resistors do not affect the error output  operation. power sequencing the cvdd and rvdd (including pwmvdd) power supplies should  be brought up together to avoid hi gh current transients that could  fold back a power supply regulator. the pllvdd may be brought  up separately. best practice would  be for all supplies to feed from  regulators with a common power source. typically this can be  achieved by using a single 5v  power source and regulating the  3.3v and 1.8v supplies from that 5v source. as noted in the pin  specifications of this document, all voltages of the same names  must be tied together at the board level.  clock and pll clock is generated on-chip, using a fundamental-mode crystal  connected across the xtali and xtalo pins. xtalo is an output,  but is designed only to drive the crystal, and not connect to any  other circuit. xtali is an input, connecting to the other side of the  crystal. the clock generation contains a low jitter pll critical for low  noise pwm output and a precise master clock source for sample  rate conversion and the audio processing data paths. the clock  system is used throughout the device, and provides clock  generators for brown-out detection, system and power-on reset,  dsp, s/pdif transmitter, and the pwm engine. clock and pll hardware functions are controlled by internal  device firmware. they are not  programmable an d are optimized  for device and system operation. reset and device initialization the d2-41x51-qr devices must be reset to initialize and begin  proper operation. a system reset is  initiated by applying a low level  to the nreset input pin. external  hardware circuitry or a controller  within the amplifier system design must provide this reset signal  and connect to the nreset input to initiate the reset process.  device initialization then begins  after the nreset pin is released  from its low-active state.  the chip contains power rail sens ors and brownout detectors on  the 3.3v and 1.8v power supplies. a loss or droop of power from  either of these supplies will trigger their brownout detectors which  will assert the nrstout pin, driving  it low. this pin should connect  to the nreset input through hardware on the amplifier design, to  ensure a proper reset occurs if the power supply voltages drop  below their design specifications. refer to the d2-41x51-qr  technical reference document for connection recommendations.  at the deassertion of nreset, the chip will read the status of the  boot mode selection pins (irqa and irqb) and begin the boot  process, determined by the boot mode that is defined by these  pins? logic state. these device pins are strapped either high or  low on the system?s design (pcb), and it is the state of these pins 

 D2-41051, d2-41151 fn6783 rev.1.00 page 18 of 21 may 5, 2016 that is latched into, and defines boot mode operation. refer to  the  boot modes  section in this document for related descriptions.  refer to the d2-41x51-qr technical reference document for  details of connection and operation  of initialization and strapping  options. boot modes the d2-41x51-qr devices contain  internal firmware to operate  the part and run the amplifier system. parameter information  that is used by the programmable  settings can be written to the  device after it is operational  and running, and parameter data  can also be read at boot time,  allowing saved parameter settings  to be used in processing. the device is designed to boot in one of  four possible modes, allowing control and data to be provided  from these boot sources: ?i 2 c slave (to external microcontroller) ?i 2 c eeprom ? internal device rom only ? spi slave the specific boot mode is selected based on the state of the  irqb and irqa input pins at the  time of reset de-assertion. boot  modes are shown in  table 1 . the device initializes as defined by its boot mode. but it gets its  configuration and parameter data from the host device. this host  device can be either an external controller, or from an eeprom. if  a system uses both an external controller and an eeprom, the  eeprom will load first, and during  this time, the controller must  remain off the i 2 c bus.  output mode configurations the d2-41x51-qr devices support four amplifier output  configuration modes of powered output and line output  combinations. these four modes are shown in  table 2 . these configuration modes utilize  different combinations of the  five pwm output channels, and each mode maps the eight pwm  pins to their appropriate pw m channel path. this channel  content and mapping of the pins is shown in  table 3 on page 19 .  of the total eight pwm pins, not all pins are used with every  configuration mode. timing and  drive characteristics of each  pwm pin output are automatically programmed for correct  operation when those pins are connected to their designated  output stages.  in modes 2 and 3, the filtering for high and low pass crossovers is  applied to the audio signal flow  path, enabling the appropriate  high or low pass content to be properly filtered for the pwm  output channels.  the protect pin inputs are mapped to the pwm channels that are  used for the powered outputs. this protect pin mapping  assignment is shown in  table 3  for the different configurations.  configuration modes assignment the configuration mode is assigned when the d2-41x51-qr  device exits its reset state, when  at that time, the  logic status of  the pssync/cfg1 and nerror/cfg0 pins are latched into  internal device registers. during this initialization time, these  pins operate as logic inputs. after  completion of the initialization  and the internal firmware begins executing, these pins are re- assigned as outputs for their shared functions, and the internal  latched logic state that defines  the configuration mode remains  until the device is powered down or reset again. each mode  requires specific amplifier design hardware connection, and the  configuration pin logic levels are defined through pull-up or pull- down resistors installed on that  design?s board. these modes are  not programmable and are not intended to be changed for each  hardware design. table 1. boot mode settings boot mode irqb  pin irqa  pin master/s lave description 00 0i 2 c slave operates as i 2 c slave, boot at  address 0x88. an external 2-wire  i 2 c master provides the boot code. 10 1i 2 c master operates as 2-wire master; loads  boot code from rom on i 2 c port. 2 1 0 - internal rom boot/operation 3 1 1 spi slave spi slave. external spi master  provides boot code. table 2. d2-41x51-qr output configuration modes config mode name function 02.0 l/r 4-quadrant ? powered left and right outputs with  4-quadrant, full bridge drivers. ?no line-level outputs 12.0 l/r + l/r/sub line ? powered left and right outputs with  2-quadrant, full bridge drivers. ? single-ended stereo left + right line-level  outputs. ? dual-ended subwoofer line-level output 22.1 l/r/sub + l/r line ? powered left and right outputs with  2-quadrant half bridge drivers. ? powered subwoofer output with 2-quadrant,  full bridge driver. ? single-ended stereo left + right line-level  outputs. ? crossover filtering added to signal flow. 32.2 bi-amp ? powered left and right bi-amp outputs with  2-quadrant drivers. ? crossover filtering added to signal flow.

 D2-41051, d2-41151 fn6783 rev.1.00 page 19 of 21 may 5, 2016 table 3. pwm channel assignment and configuration details config mode config name pssync /cfg1 pin  logic  level nerror /cfg0 pin  logic  level pwm channel number pwm channel content pwm pins protect pin  assignment supported output topology audio function 02.0 l/r 4-quadrant 0 0 0 l-spkr 0-3 0 4-quadrant,  full bridge powered left 1 r-spkr 4-7 1 4-quadrant, full bridge powered right 2-- - - - 3-- - - - 4-- - - - 12.0 l/r + l/r/sub line 0 1 0 l-spkr 0, 1 0 2-quadrant,  full bridge powered left 1 r-spkr 2, 3 1 2-quadrant,  full bridge powered right 2 l-line 6 - line level line/headphone left 3 r-line 7 - line level line/headphone right 4 sub 4, 5 - line level line level sub 22.1 l/r/sub + l/r line 1 0 0 l spkr 0, 1 0 half bridge powered left 1 r spkr 2, 3 1 half bridge powered right 2 l line 6 - line level line/headphone left 3 r line 7 - line level line/headphone right 4sub4, 52 2-quadrant,  full bridge powered sub 32.2 bi-amp 1 1 0 l hi-freq 0, 1 0,1 half bridge powered left hf 1 l lo-freq 2, 3 1,0 half bridge powered left lf 2 r hi-freq 4, 5 2 half bridge powered right hf 3 r lo-freq 6, 7 2 half bridge powered right lf 4-- - - -

 fn6783 rev.1.00 page 20 of 21 may 5, 2016 D2-41051, d2-41151 intersil products are manufactured, assembled and  tested utilizing iso9001 quality systems as noted in the quality certifications found at  www.intersil.com/en/suppor t/qualandreliability.html intersil products are sold by description on ly. intersil may modify the circuit design an d/or specifications  of products at any  time without notice, provided that such  modification does not, in intersil's sole  judgment, affect the form, fit or function  of the product. accordingly, the reader is  cautioned to verify that datasheets are  current before placing orders. information fu rnished by intersil is believed to be accu rate and reliable. however, no responsib ility is assumed by intersil or its  subsidiaries for its use; nor for any infrin gements of patents or other rights of third parties which may result from its use.  no license is granted by implication or  otherwise under any patent or patent rights of intersil or its subsidiaries. for information regarding intersil corporation and its products, see  www.intersil.com for additional products, see  www.intersil.com/en/products.html ? copyright intersil americas llc 2009-2016. all rights reserved. all trademarks and registered  trademarks are the property  of their respective owners. about intersil intersil corporation is a leading provider of innovative power ma nagement and precision analog so lutions. the company's product s  address some of the largest markets within  the industrial and infrastr ucture, mobile computing and high-end consumer markets. for the most   updated datasheet, application notes, related documentatio n and related parts, please see the respective product  information page found at  www.intersil.com .  you may report errors or suggestions for improving this datasheet by visiting  www.intersil.com/ask . reliability reports are also av ailable from our website at  www.intersil.com/support . trademarks dae-4?, intelligent digital amplifier? and d2audio canvasii? , and d2audio soundsuite? are  trademarks, and d2?, d2a?,  d2audio? are registered trademarks of intersil corporation.  dts?(srs) and dt s?(srs) wow/hd? are registered trademarks of  dts?(srs) corporation. windows? is a regist ered trademark of microsoft  corporation. other product names are for identification  purposes and may be trademarks and/or register ed trademarks of their respective companies. disclaimer for dts?(srs) technology license required notice: notice of license requirement: supply of  this implementation of dts technology to dts product licensees directly or through a  distributor does not incur a royalty payment or convey a license,  exhaust dts? rights in the implementation, or imply a right u nder any  patent or any other industrial or intellectual property right of  dts to use, offer for sale, sell, or import such implementatio n in any  finished end-user or ready-to-use final product. a license from and royalty payment to dts is required prior to and for such us e. revision history the revision history provided is for in formational purposes only and is believ ed to be accurate, but not warranted.  please go to the web to make sure that you have the latest revision.  date revision change may 5, 2016 fn6783.1 updated entire datasheet applying intersil?s new standards. updated the ordering information table on page 2. updated note 5 on page 4.  added the disclaimer for dts?(srs) technology license required notice. added revision history section. replaced products verbiage to about intersil verbiage. updated pod to the latest revision changes are as follows: -corrected note 4 from: ?dimension b applies to...? to : ?dimension applies to...? 'b' leftover from when  dimensions were in table format. -enclosed notes #'s 4, 5 and 6 in a triangle.

 D2-41051, d2-41151 fn6783 rev.1.00 page 21 of 21 may 5, 2016 package outline drawing l48.7x7 48 lead quad flat no-lead plastic package rev 5, 4/10 located within the zone indicate d. the pin #1 indentifier may b e unless otherwise specified, t olerance :  decimal  0.05 tiebar shown (if present) i s a non-functional feature. the configuration of the pin #1  identifier is optional, but mus t be between  0.15mm and 0.30mm from the terminal tip. dimension applies to the metalliz ed terminal and is measured  dimensions in  (    )  for reference only. dimensioning and tolerancing c onform to amse y14.5m-1994. 6. either a mold or mark feature. 3. 5. 4. 2. dimensions are in millimeters. 1. notes: 7.00 b a 7.00 (4x) 0.15 index area pin 1 top view pin #1 index area 44x 0.50 4x  5.5 48 37 4. 30  0 . 15 1 36 25 48x  0 . 40 0 . 1 4 m 0.10 c ab 13 24 bottom view 12 5 0 . 2 ref 0 . 00 min. 0 . 05 max. detail "x" c 0 . 90  0 . 1 base plane see detail "x" c c 0.08 seating plane c 0.10 side view typical recommended land pattern 6 6 ( 6 . 80 typ ) (      4 . 30 ) ( 48x  0 . 60 ) ( 44x  0 . 5 ) ( 48x  0 . 23 ) 0.23 +0.07 / -0.05
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