S REALTEK

ALC233-VB
(PN: ALC233-VB2-CG)

4-CHANNEL HIGH DEFINITION AUDIO CODEC WITH
EMBEDDED CLASS-D SPEAKER AMPLIFIER

DATASHEET

Rev. 0.3

w R Realtek Semiconductor Corp.
No. 2, Innovation Road II, Hsinchu Science Park, Hsinchu 300, Taiwan
LM EALTEK Tel.: +886-3-578-0211. Fax: +886-3-577-6047

www.realtek.com



http://www.realtek.com/

ALC233-VB

Sif REALTEK e

COPYRIGHT

© 2013 Realtek Semiconductor Corp. All rights reserved. No part of this document may be reproduced,
transmitted, transcribed, stored in a retrieval system, or translated into any language in any form or by any
means without the written permission of Realtek Semiconductor Corp.

DISCLAIMER

Realtek provides this document ‘as is’, without warranty of any kind. Realtek may make improvements
and/or changes in this document or in the product described in this document at any time. This document
could include technical inaccuracies or typographical errors.

TRADEMARKS

Realtek is a trademark, of Realtek Semiconductor Corporation. Other names mentioned in this document
are trademarks/registered trademarks of their respective owners.

USING THIS DOCUMENT

This document is intended for the hardware and software engineer’s general information on the Realtek
ALC233-VB Audio Codec IC.

Though every effort has been made to ensure that this document is current and accurate, more information
may have become available subsequent to the production of this guide. In that event, please contact your
Realtek representative for additional information that may help in the development process.

REVISION HISTORY

Revision Release Date Summary
0.1 2013/08/28 First release.
0.2 2013/10/18 Modify ordering information and increase feature
0.3 2016/11/15 Increase a new ordering part number for tape and reel package
4-Channel High Definition Audio Codec ii Rev. 0.3

with Embedded Class-D Speaker Amplifier



ALC233-VB

Sif REALTEK e

Table of Contents

1. GENERAL DESCRIPTION ...ttt sttt b e bbbt st e e b s bt eb e s be e h e e e et e e bt e bt ekt e be e bt e e e b e b e sbenbenneeneas 1
2. FEATURES. ...ttt et bbbk e h e e s e e E e e bt A E e e h £ e H £ e R b oAb oo R e bt AR e e R £ e R e e R b e R ARt R e Rt e bt Rt e b et bbbt b nes 2
2.1. HARDWARE FEATURES ... .tittiuteuteitesteste st stee et sttt be bt se e e esaeseesb e s bt eh e e b e e s b e s e e aE e ke AR e e b £ e b e e s b e s b e b e b e e bt eb e e b e ehb e s e e s e nbeebe et e ene e 2
2.2. SOFTWARE FEATURES ... .cuttttittttatiettetteste st sttt she st ase e s e s e b skt e b £ e bt eh e e s e e e e bt eh e eb e AR e eh £ e b e e s b e R b e nh e b e e bt e b e e b e e hb e s e e b e nbesbenbeabeene s 3
3. SYSTEM APPLICATIONS . ... oottt ettt bt bbbt e s b e b e e b e b e e b e e b £ e b e e ab e b e eb e bt e bt eb e e bt e st et et e nbeebeebeenes 4
4. BLOCK DIAGRADM ..ottt bttt b e bt bbb £ h e e R b e b oo h ekt e b e e b £ e b e e h b e s e e b e bt nb e e b e e bt eh b et et et e eb e et e sbeebeenes 5
4.1. ANALOG INPUT/OUTPUT UNIT .ttt sttt sttt st st st bt teeseesee st e besaesbeesees s e s e e e ebesbeabeabeeseaseenbeneesbenbeseesrennes 6
4.2. JACK DETECTION RESISTOR IMATRIX ..ciiutttitttetit sttt ettt asteeesteeesteeestseesbeeebeeesbeeebeeesbeeebseesbeeabeeesbeeenbbeesbneenbbeesnneennreens 6
TR o VNS S ] AN AV I RSP PRP 7
5.1. PACKAGE AND VERSION IDENTIFICATION 1...tteuteutestestesteaseeseeseesteseessesseaseesesssessessessessesseesessessessessessessessssnsessessessessensens 8
5.1.1.  ENQINEEring SAMPIES: BL ...ttt b ek bbbt b e bbbkt b ettt bennes 8
5.1.2. ProduCtion VEISION: B2......ccui ittt ettt b e bt b s bbb e et et bt ke e bt e bt e bt enb e b e nbenbesbeebeene e 8
6. PIN DESCRIPTIONS ...ttt b bbbttt e bbb £ e b e e R b e s b e e b e ke AR e e b £ e b £ e Rb e b e eb e bt ebeeb e e b e enbebe st e nbesbeebeenes 9
6.1. DIGITAL IO PINS ...ttt e h ke h ettt et b bbb e Rt et eeh e ke S H e e b £ e b £ e Rt e s b e b e b e e b e eb e e bt en b e b e b e besbeebeene e 9
6.2. AANALOG /O PINS ..ttt bbbttt h bt bbbt e s e e e b ek A b e e b £ e E e e h b e A e e b e bt eb e e bt e b e eb b e s b et e besbenbeebeeneas 10
6.3. FILTER/REFERENCE/NOT CONNECTED PINS......iitiitiittitietieieie ettt ettt st bbbttt et bbbt bt e s e e e ne b e sbesneeneenes 11
6.4. POWER & GROUND PINS ...ttt etttk ettt et e et ss e ebe e st e bt e b e e s e e e s e e s be e she e eh e e b e e s e ennens e e nmeenbeenbeenneanneas 11
7.  HIGH DEFINITION AUDIO LINK PROTOCOL ...cciiiiiiiiitst sttt st st anaeeenae st saestesnesseanens 12
7.1. LLINIK SIGNALS ...ttt ettt ettt ettt este e bt e s e e eseesae ekt e ke e s be e s te e s e e ebe e eE e e oRe e et em s e eR e e eb e e bt e b e es ke esbeeh e e nbeesbeenbeebeenbeenbennee e 12
T L1 SIGNAL DEFINTTIONS ...ttt bbbt b e bbb bbb e e bbb e bt s bbbt et b st 13
712, SIGNAIING TOPOIOGY. ... eciiiteietiite ettt bbbt bbb bbb b ekt b e e bbb e bttt e st et b st 14
7.2. Y 1= @fa] V1= 1] [ ] USSR 15
7.2.1.  Outbound Frame-SiNGIE SDO .........ccoiiiiiiieiieiee ettt bbb bbbttt b sttt r et n st b 15
7.2.2.  Outbound Frame-IMUILIPIE SDOS ........ccouiiieiiiie et te e te et e esaa e s te e be e be e teasaesneesreeareenas 16
7.2.3.  INboUNd Frame-SiNGIE SDI.......cuviiiiieiie ettt et e et e b e s b e saa e s te e s be e te e teesaesnneareeaaeenas 17
7.2.4.  INboUNd Frame-MUIIPIE SDIS......cuiiieiic ettt te et e e e s e saa e s te e be e te e teaseeannesneeaaeenas 18
7.2.5. Variable SAMPIE RALES .........ccviiiiice e e st e e st e e te et e s e e at et e et e e re e te e ae e e e e areers 18
7.3. RESET AND INITIALIZATION ....tutiitteteesteesteete st ausesseesteeseesseassesseesbeesbeesbe e st amseesseah s e abe e b e asbe e beaseeeheesbeeabeebeenneenrenene e 21
T.3.1. LINK RESEL ...ttt bbbttt bt h bt h e bt et e st eH e S H e e E e e R £ e R e e R b e ke b e b bt b e e Rt e n b e e nh e b b eneenes 21
T.3.2.  COUBC RESEL ....veiie ettt ettt ettt st et e et e et eeat e e bt e e be e be e beesbeeteesheesbeeabeenbeeabeeabeebseebe e beesbeesbeenbeeaeeareeateearas 22
7.3.3.  Codec INItialization SEOUENCE ......c.oiui ittt bbb bbbt b bbbt s et b st b 23
7.4. VERB AND RESPONSE FORMAT ...ttt ettt ettt ettt ettt sttt sttt e ek e et e st e et e e bt eembe e e st b e e be e e beeebeeenbneeneeebnas 23
741, CommMANd VEID FOIMAL........cciiiiiiiiiie ettt ettt st e st e e e be e beeabeeabeeabesbaesbeesbeebeeseesneesreeabeennas 23
T4.2. RESPONSE FOIMAL......iiuiiiieiiteite sttt et bbbttt e bRt s bt e b e i e b e e er e e Rt e bt eb e e b e e e e e e nn e b b e e s 26
A O © o TU o] (=3 ¥ g Tod (o g I (=T ST 26
7.5. POWER IMANAGEMENT ...ttt ettt ettt ettt s e sseesbeesbeesbeesbe e et eae e eh s e eh e e ek £ e k£ 2R b e a5 b e eEEeebe e ehe e ebe e beembeemseeb b e nbeenbeenbeenbeanneas 27
8. SUPPORTED VERBS AND PARAMETERS ..ottt bbbttt e bbb 29
8.1. VERB-GET PARAMETERS (VERB IDZFOOH) ..ottt ettt sttt st b ettt be b st eneas 29
8.1.1. Parameter-Vendor ID (Verb ID=F00h, Parameter ID=00R) ..........cccceriririirininiiienie e 29
8.1.2.  Parameter-Revision ID (Verb ID=F00h, Parameter ID=02h) ..........ccccceriririiiiiiiene e 29
8.1.3.  Parameter-Subordinate Node Count (Verb ID=F00h, Parameter ID=04h).........cc.ccecertriinmierienerinieneiseneeeen, 30
8.1.4. Parameter-Function Group Type (Verb ID=F00h, Parameter ID=05h)........c..ccecermrirrirrivrirerierererennsenseeeeens 30
4-Channel High Definition Audio Codec iii Rev. 0.3

with Embedded Class-D Speaker Amplifier



W REAI_TEK ALC233-VB
=AML Datasheet
8.1.5. Parameter-Audio Function Capabilities (Verb ID=F00h, Parameter ID=08h)...........c.ccecvsrvrrvrrerrererinreseernnnns 30
8.1.6. Parameter-Audio Widget Capabilities (Verb ID=F00h, Parameter ID=09h) ..........ccccccecereririeneiireneireneenen, 31
8.1.7. Parameter-Supported PCM Size, Rates (Verb ID=F00h, Parameter ID=0AR)..........ccccccerertreneiinieneineneennen, 32
8.1.8. Parameter-Supported Stream Formats (Verb ID=F00h, Parameter ID=0Bh)...........ccccccererereneiirieneireneennen, 33
8.1.9. Parameter-Pin Capabilities (Verb ID=F00h, Parameter ID=0Ch).........ccccectrerriiniriinenieise e 33
8.1.10. Parameter-Amplifier Capabilities (Verb ID=FO00h, Input Amplifier Parameter ID=0Dh)...........cc.ccccvrvrurne. 34
8.1.11. Parameter-Amplifier Capabilities (Verb ID=F00h, Output Amplifier Parameter ID=12h) ............c.ccocerururne. 34
8.1.12. Parameter-Connect List Length (Verb ID=F00h, Parameter ID=0Eh).........c.cccccvvivriirirrirniereie e, 35
8.1.13. Parameter-Supported Power States (Verb ID=F00h, Parameter ID=0Fh)...........ccccecvrivrivrivereieninriesrsieenean, 35
8.1.14. Parameter-Processing Capabilities (Verb ID=F00h, Parameter ID=10h) ..........ccccsvvrvrirrieeriereneriesie e, 36
8.1.15. Parameter-GP1O Capabilities (Verb ID=F00h, Parameter ID=11h).........ccccceeeririiriiiieiieeriere e 36
8.1.16. Parameter-Volume Knob Capabilities (Verb ID=F00h, Parameter ID=13h) ..........c.ccecvrvvriverierernresrsnnnnnns 36
8.2. VERB-GET CONNECTION SELECT CONTROL (VERB IDZFOLH) ..ottt 37
8.3. VERB-SET CONNECTION SELECT (VERB IDZ70L1H) ...cviiiiiitirieiiitesie sttt sttt bbb nn e 37
8.4. VERB-GET CONNECTION LIST ENTRY (VERB IDZFO2H) ......ccviiitiiieiiitiiieietenie ettt 38
8.5. VERB-GET PROCESSING STATE (VERB IDZFO3H)....c.citiiiiiiiteriiiite ettt sttt st nn e 42
8.6. VERB-SET PROCESSING STATE (VERB IDZ703H) ....cutitiieiiitirieiiete sttt sttt sttt st nne et 42
8.7. VERB-GET COEFFICIENT INDEX (VERB IDZDH) ...c.viiiitiiiiiiiteiieiesie ettt sttt st st nn et 42
8.8. VERB-SET COEFFICIENT INDEX (WVERB IDT5H).....cviiiitiiiiiiite ittt sttt sttt b b 43
8.9. VERB-GET PROCESSING COEFFICIENT (VERB IDZCH) ... oiiii ettt sttt nne s 43
8.10.  VERB-SET PROCESSING COEFFICIENT (VERB IDZ4H) ... oottt sttt nas 43
8.11.  VERB-GET AMPLIFIER GAIN (VERB IDZBH) ...cciiiiiiiie sttt sttt e et sneenne e 44
8.12.  VERB-SET AMPLIFIER GAIN (VERB IDZ3H) ....ciiiiiieiiie ettt ste ettt teesaeasaeansesnaesta e ba e aeasteanaesnnesneenneennas 46
8.13.  VERB-GET CONVERTER FORMAT (VERB IDZAH) ....ccit it iie sttt ettt te st ste e s te e ste e te e st et e ta e taeteanaesnnesneenneennas 47
8.14.  VERB-SET CONVERTER FORMAT (VERB IDT2H) ...c.ciuiitiiiiiiiiiieiisieeeiest ettt bbbt 48
8.15.  VERB-GET POWER STATE (VERB IDTFO5H) .......citiuiitiitiiiitirteieiesie ettt ettt ettt 48
8.16.  VERB-SET POWER STATE (VERB IDZ705H) ...ttt sttt bbb 50
8.17.  VERB-GET CONVERTER STREAM, CHANNEL (VERB IDZFOBH) .....c.cccviviiiiiriiiiiinieieiesieeeie et 50
8.18.  VERB-SET CONVERTER STREAM, CHANNEL (VERB IDZ706H) ......cviuiriiiiiinieieiinieieesieeeie sttt 51
8.19.  VERB-GET PIN WIDGET CONTROL (VERB IDZFO7H).....c.eitiitiiitiriiieiist ettt 51
8.20.  VERB-SET PIN WIDGET CONTROL (VERB IDZ707H) ...ecviieiiitie ettt ettt sttt ettt ta et nne e sneenna e 52
8.21.  VERB-GET UNSOLICITED RESPONSE CONTROL (VERB IDZFO8H) ...c.vviiiiiiiie et 53
8.22. VERB-SET UNSOLICITED RESPONSE CONTROL (VERB IDZ708H) .......cciuiiieiie ettt 53
8.23.  VERB-GET PIN SENSE (VERB IDZFOOH) .....uiiiiiiie ittt ettt te e ste et e st e saa et e ba e e e sbeennesnnesnnenneennas 54
8.24.  VERB-EXECUTE PIN SENSE (VERB IDZ709H) ...c.iiiiiiiiie ettt ettt sttt et e ettt e st st taeteenaesnaeannenneenas 54
8.25.  VERB-GET CONFIGURATION DEFAULT (VERB ID=F1CH/F1IDH/FIEH/FLFH) .....cccoiiiiiiiiiiccecee e 54
8.26.  VERB-SET CONFIGURATION DEFAULT BYTES 0, 1, 2, 3 (VERB ID=71CH/71DH/TIEH/TIFH) c.ccoevveeriiiie e 55
8.27.  VERB-GET BEEP GENERATOR (VERB IDZFOAH) ....cuiitiiiitiitiiitirteieie sttt bbb bbb 56
8.28.  VERB-SET BEEP GENERATOR (VERB IDZ70AH) ....ciuiitiiiitiitiiitinieiete sttt sttt bbb 56
8.29.  VERB-GET GPIO DATA (VERB IDZ FLBH) ....cuiitiiiiiiiiiiiietest ettt bbb 57
8.30.  VERB-SET GPIO DATA (VERB ID= 715H) ...ttt ettt 57
8.31.  VERB-GET GPIO ENABLE MASK (VERB IDZFLOH)......ccviiiiiiiiiciteete ettt sttt sneesne e 58
8.32. VERB-SET GPIO ENABLE MASK (VERB IDZ7L16H)......ccuiiiiiiicitieite et ste st ste et sat et e st taeste e sneesne e 58
8.33.  VERB-GET GPIO DIRECTION (VERB IDZFL7H) ...cciiiiii ettt ettt snn e nne e 59
8.34.  VERB-SET GPIO DIRECTION (WVERB IDZ7L17H)....cuiiuiiiiiieie ettt bbbttt n bbbt eneas 59
8.35.  VERB-GET GPIO UNSOLICITED RESPONSE ENABLE MASK (VERB IDZ=FLOH) ....ooiiiiiiiiie e 60
8.36.  VERB-SET GPIO UNSOLICITED RESPONSE ENABLE MASK  (VERB ID=719H) ..coooiiiiiiiiierie e 60
8.37.  VERB-GET DIGITAL CONVERTER CONTROL 1 & CONTROL 2 & CONTROL 3 & CONTROL 4 (VERB ID= FODH, FOEH,
T T o ST 61
8.38.  VERB-SET DIGITAL CONVERTER CONTROL 1 & CONTROL 2 & CONTROL 3 & CONTROL 4 (VERB ID=70DH, 70EH,
CT = T TSSO 62
8.39.  VERB-GET SUBSYSTEM ID [31:0] (VERB ID=F20H/F2LH/D22H/F23H)......ccctriiriirieiirieieinienieese e 63
8.40.  VERB-SET SUBSYSTEM ID [31:0] (VERB ID=723H/722H/ 721H/720H FOR [31:24]/[23:16]//[15:8)/[7:0]) ..ccvvrverereene. 63
8.41.  VERB-GET/SET EAPD CONTROL (VERB ID=FOCH FOR GET, 70CH FOR SET) ...ccetitiieierienienieniesieaieseesieseeseesiesieeneas 65
4-Channel High Definition Audio Codec iv Rev. 0.3

with Embedded Class-D Speaker Amplifier



%4 REALTEK A ot
=AML Datasheet
8.42.  VERB-FUNCTION RESET (WVERB IDZ7FFH) ...cuiiiiiciciesic sttt sttt ettt st e st snenneanneneas 66
9.  ELECTRICAL CHARACTERISTICS ...ttt bbb bbbt bbbt b bbbt ettt ebnas 67
9.1. DC CHARACTERISTICS ...ttt ar skttt ettt r skt sb st a bbb e st eh Rt b b e b b e st et eb e Rt e bt e bbb e et e e nn e n e b en s 67
9.1.1.  ADSOIULE MAXIMUM RBIINGS ... ettt bbbt b e et b bbb s bbb bbb bt b r st b 67
0.1.2.  TRFESNOIA VOITAGE ...ttt bbb bbb bbb bbbt bbb bbb bbbt b et b st b 68
9.1.3.  SPDIF OULPUL CRATACLEIISTICS ... vttt ettt b e et b bbb bbb bbbt et n st b 68
9.1.4.  Digital Filter CRaraCeriSTICS .......euiiteieiiiteiiettite ettt bbbt b e bbbt b bbbt et n et nn s 69
9.2. AC CHARACTERISTICS .. t1ttesereseessese sttt e s st st s et e a8 s et 8 s e b b0 880 R b e e e E et R Rt e e Rt R et b et e n e e n e 69
9.2.1.  Link Reset and INitialization TIMING ......ccooeiiiiiiieiieeiese et e st resteese e e e seeseesresneeneanes 69
9.2.2.  Link Timing Parameters at the COUBC .........eiviiiiiiee ettt e e e sresresreenaenes 70
9.2.3.  SPDIF OULPUL TIMING...t.titeiiiieiiieieierisse et b e b et b e bRt e bt e bt nn bt n bt nen e 71
9.3. ANALOG PERFORMANCE .......otuttetteateseseasesesesseseessese e sese e st et es e s s s e s b st e a8 s s e b s e E Rt n bRt e R st b e Rt neenen e ran s 72
9.4. CLASS-D POWER AMPLIFIER PERFORMANCE ........ceuttitereitesesasesessasesessasesessasesessesesessssesessesesessesesessasessssesessssesensasenes 73
10. APPLICATION CIRCUITS L.ttt sttt ettt e s e s e s bt e sbe ekt e be e st e e seeaseesbeeebeenbeenbeenbeantennee e 73
11. MECHANICAL DIMENSIONS. ...ttt et te ettt b e st e et e e be e s teesaesmeesbeesbeenbeenbeenbenree e 74
11.1. MECHANICAL DIMENSIONS NOTES ....ctittiiteieesteseristeseseetesesessesesestesesessesessssesessssesessesesessasesessasesessasesessesessssasessasesenens 74
12. ORDERING INFORMATION ... ettt sttt ettt ettt e be e be e s be st eesbeesbeesbeeabeenbeenbeesbesbeesbeenbeenbenreeas 75
4-Channel High Definition Audio Codec % Rev. 0.3

with Embedded Class-D Speaker Amplifier



L 1574
VLM

ALC233-VB

REA LTEK Datasheet

List of Tables

YT T B I et VI 1@ B = N TSROSO 9
TABLE 2. ANALOG IO PINS ..ottt h bRt R R Rt R ettt n s 10
TABLE 3. FILTER/REFERENCE/NOT CONNECTED PINS ....viititiieiiitisteristesiesestesteesteseeesteseesessessesessessesessessesessessesessessesessesseseasenses 11
TABLE 4. POWER & GROUND PINS ......uiitiitiitiateaiiesiest ettt steste ettt see st sbeehs et e essesbesbesbeabeeb e e beeh b e s b e s e bt abeeb e e bt ent e s e e b e benbenbeeneeneas 11
TABLE D, LINK RESETH ...ttt b b bbbt h bbbt b AR b £ e b e e h b e s b e e e bt nb e eb e e bt enb e b e b et e nbenb e neeneas 13
TABLE 6. HDA SIGNAL DEFINITIONS. ..c.uttttttetteutestesseatesteasesteaseeseessessesseasesseastaseassessesseabeabeaseaseessesbe b e abeabeabeebeanse s eabenbesbeabeaneeneas 13
TABLE 7. DEFINED SAMPLE RATE AND TRANSMISSION RATE ......uiiitiiiiiiiiniie sttt ste ettt sttt sttt et be e sie e sbeesbeenbeenbesnbesaee e 19
TABLE 8. 48KHZ VARIABLE RATE OF DELIVERY TIMING ....uciitiiitiatiiteaiiesieesieesteesteateseesitesbeesbeesbeesbeebesseesaeesaeesbeebesnsesnnessnees 19
TABLEQ. 44.1KHZ VARIABLE RATE OF DELIVERY TIMING ...cuttiitiitiaitisiiesieesieesteestestestesisesbeesbeesbeesbe s besseesaeesaeesbeebeensesnnessne e 20
TABLE 10. 40-BIT COMMANDS IN 4-BIT VERB FORMAT ..ottt sttt ettt sttt be et sbe e sbeebe b enb e e e 23
TABLE 11. 40-BIT COMMANDS IN 12-BIT VERB FORMAT ....utiitiiitietiiiieiiesee st steeste et sae it e sbeesbeesbeesbe e besseesaeesaeesbeebeenbeensesaee e 23
TABLE 12, SUPPORTED COMMANDS .....cuttttteteesteesteasseasstasseaseesseesseassesssesssesseessessseessesassassesssssssesseessesssesssesnsssssssessseensesnsesssenseenes 24
TABLE 13. SUPPORTED PARAMETERS. ... tttttesteesteesteesttastaseeaseesseesseassesssesssesseesseessessseaassasseasssasessseessesssesssessnsssesssesssesnsesnsesssenseenns 25
TABLE 14. SOLICITED RESPONSE FORMAT .....utiitteitteteate ettt stee st este et essesssesteesbeesbeenbeaseamsess s e abeenbe e be e s be e s e e s meeaheesreeabeeneenneenrennee e 26
TABLE 15. UNSOLICITED RESPONSE FORMAT ... eeittittirtetttateesteesteete et seesseesteesseessessseamsessseaseesbeeseasseassesseesseeareeabeeneenneanrenneenes 26
TABLE 16. SYSTEM POWER STATE DEFINITIONS .....eittitiiititiesteestietee et sieesreeste s assesssesmeesseeneessesseessessmeesmeesneeneanneanrenneenes 28
TABLE 17. POWER CONTROLS ININID OLH ...ciiiiiiiieiitiit ettt ettt sttt b e sn e sre b e e neenneenrenne e 28
TABLE 18. POWERED DOWN CONDITIONS ....c.utiitteittettateasteateasteesteesueasseasaessesssesssesssesnsesssesssssssssseesseessesssssssssesssesssesssesnsesnsesseses 28
TABLE 19. VERB-GET PARAMETERS (VERB IDZFO0H) ...eciiitiieiiiteiieitst ettt sttt ettt eb s ene e 29
TABLE 20. PARAMETER-VENDOR ID (VERB ID=FO0H, PARAMETER ID=00H).......cciiiiriiiiririeisie e 29
TABLE 21. PARAMETER-REVISION ID (VERB ID=F0O0H, PARAMETER IDZ02H) .....ccueiiitiriiiiiirieisie et 29
TABLE 22. PARAMETER-SUBORDINATE NODE COUNT (VERB ID=F00H, PARAMETER ID=04H) .......ccccovriiiiriiiinieieene e 30
TABLE 23. PARAMETER-FUNCTION GROUP TYPE (VERB ID=F00H, PARAMETER ID=05H).......ccciiriiiiriiieneee e 30
TABLE 24. PARAMETER-AUDIO FUNCTION CAPABILITIES (VERB ID=FO00H, PARAMETER ID=08H)..........cccevrrirrrrerrrcirciesenn, 30
TABLE 25. PARAMETER-AUDIO WIDGET CAPABILITIES (VERB ID=F00H, PARAMETER ID=09H) .........ccosivrrirrrerrece e 31
TABLE 26. PARAMETER-SUPPORTED PCM SizE, RATES (VERB ID=F00H, PARAMETER ID=0AH) .......cccciiiiiriireecie e 32
TABLE 27. PARAMETER-SUPPORTED STREAM FORMATS (VERB ID=F00H, PARAMETER ID=0BH)........c.ccceviiirierreie e 33
TABLE 28. PARAMETER-PIN CAPABILITIES (VERB ID=FO0H, PARAMETER ID=0CH)......c.ccciiiiiieiieie e 33
TABLE 29. PARAMETER-AMPLIFIER CAPABILITIES (VERB ID=F00H, INPUT AMPLIFIER PARAMETER ID=0DH).........ccvevrnrene. 34
TABLE 30. PARAMETER-AMPLIFIER CAPABILITIES (VERB ID=F00H, OUTPUT AMPLIFIER PARAMETER ID=12H) ......cc0scerururnnn. 34
TABLE 31. PARAMETER-CONNECT LIST LENGTH (VERB ID=F00H, PARAMETER ID=0EH).......cccccsiiiiiriiiineiee e 35
TABLE 32. PARAMETER-SUPPORTED POWER STATES (VERB ID=F00H, PARAMETER ID=0FH) .......cccceceriiiiriiiirieneene e 35
TABLE 33. PARAMETER-PROCESSING CAPABILITIES (VERB ID=FO0H, PARAMETER ID=10H) ....cccoiiiiiiiniiiiienieecie e 36
TABLE 34. PARAMETER-GPIO CAPABILITIES (VERB ID=F00H, PARAMETER ID=11H)......ccciiiiiiiriiiienieece e 36
TABLE 35. PARAMETER-VOLUME KNOB CAPABILITIES (VERB ID=FO0H, PARAMETER ID=13H) .....ccceeiviiiieiieieece e 36
TABLE 36. VERB-GET CONNECTION SELECT CONTROL (VERB IDZFOLH) ....coiiiiiieiie e st 37
TABLE 37. VERB-SET CONNECTION SELECT (VERB IDZ70LH) ..oovieiiiiece ettt ettt sae e e nne e 37
TABLE 38. VERB-GET CONNECTION LIST ENTRY (VERB IDZFO2H).......cciiiieiie ettt snee e 38
TABLE 39. VERB-GET PROCESSING STATE (VERB IDZFO3H).....ccctiiiiiiice ettt ettt ae e e s 42
TABLE 40. VERB-SET PROCESSING STATE (VERB IDZT703H) ..c.vviitieiieieiie ettt et et et taeste e aeesaesae e e sneesneenneeneeensannee e 42
TABLE 41. VERB-GET COEFFICIENT INDEX (VERB IDZDH) ...cuviiiiiiiiiiitiieciesie sttt ettt s 42
TABLE 42. VERB-SET COEFFICIENT INDEX (WERB IDZB5H).....ciiiiiiiiieiiite ittt sttt bbb 43
TABLE 43. VERB-GET PROCESSING COEFFICIENT (WVERB IDTCH) ....ecuiitiieiiiie ettt sttt sttt 43
TABLE 44. VERB-SET PROCESSING COEFFICIENT (VERB IDZAH) ..ottt sttt sttt sttt 43
TABLE 45. VERB-GET AMPLIFIER GAIN (VERB IDZBH) ..ottt 44
TABLE 46. VERB-SET AMPLIFIER GAIN (VERB IDZ3H) .....ciiitiiieiiite ettt sttt sttt sb et ebesae et b e b e 46
TABLE 47. VERB-GET CONVERTER FORMAT (VERB IDZAH) .....iiiiiiiie ittt sttt st sttt snesn et b st eneas 47
TABLE 48. GET CONVERTER FORMAT SUPPORT .....utittiuttauttattaateestteteatesssesseesieesbesabeaaseassessseassassee st asseaseesseesseesseesbeaseansesnsesseenes 47
TABLE 49. VERB-SET CONVERTER FORMAT (VERB IDZ2H) ...ttt et st 48
TABLE 50. VERB-GET POWER STATE (VERB IDZFO5H) ...ttt sttt sttt sbe bbbt eneas 48
TABLE 51. VERB-SET POWER STATE (VERB IDZ705H) .....e ittt sttt sttt sttt et bbbt n et sbesbe e eneas 50
4-Channel High Definition Audio Codec Vi Rev. 0.3

with Embedded Class-D Speaker Amplifier



W REALTEK ALC233-VB
=AML Datasheet
TABLE52. VERB-GET CONVERTER STREAM, CHANNEL (VERB IDZFOBH) ....cviviiiiiieiitirieee et e 50
TABLE 53. VERB-SET CONVERTER STREAM, CHANNEL (VERB IDZT06H) .....cveiiiviiieiitirieisie ettt 51
TABLE 54. VERB-GET PIN WIDGET CONTROL (VERB IDZFO7H)....c.eiiiitiiieiiiteiieeste ettt 51
TABLE 55. VERB-SET PIN WIDGET CONTROL (VERB IDZ707H) ...vcveiiitiieiiite ettt ettt st sn bbb sne b 52
TABLE 56. VERB-GET UNSOLICITED RESPONSE CONTROL (VERB IDZFO8H) .....ccviiviiiiiiiiiiiiiricisie et 53
TABLE 57. VERB-SET UNSOLICITED RESPONSE CONTROL (VERB ID=708H) ....coviviiviiiiiirieieienieieie st 53
TABLE 58. VERB-GET PIN SENSE (VERB IDZFOGH) ....cuiiiiiitiiieiiite ettt eb et ene e 54
TABLE 59. VERB-EXECUTE PIN SENSE (VERB IDZ709H) ....ueiviiieiiiiitesieste e stee e ste et steste e et e e st e saesnesnassaenaesaessessesnessessensens 54
TABLE 60. VERB-GET CONFIGURATION DEFAULT (VERB ID=F1CH/FIDH/FLIEH/FLFH) ...ccovoiiiieiiicie et 55
TABLE 61. VERB-SET CONFIGURATION DEFAULT BYTES 0, 1, 2, 3 (VERB ID=71CH/71DH/TIEH/TIFH) c.cccoviieieiece e, 55
TABLE 62. VERB-GET BEEP GENERATOR (VERB IDZ FOAH).....ctiiiiiiiistiie ettt e et e st stesta e enaesaesnestesnesnesneaneas 56
TABLE 63. VERB-SET BEEP GENERATOR (VERB ID= 7OAH) ...uvciiiiiie it sie st te sttt te ettt et sbesta e e enaesaesaestesnennesneaneas 56
TABLE 64. VERB-GET GPIO DATA (VERB IDZ FLBH) ..iuiiiiiiiieieitese sttt ste st et sttt e e e e st e testestessaanaesaensesesnensesnnanens 57
TABLE 65. VERB-SET GPIO DATA (VERB ID= 7TL15H) ....cuiiiiitiiieiiitiiteieite ettt sttt sr bt nn et ebenne b sne b nnes 57
TABLE 66. VERB-GET GPIO ENABLE MASK (VERB ID= FLOH) .....cviiiitiiiiiiteiieieste ettt sttt 58
TABLE 67. VERB-SET GP1O ENABLE MASK (VERB IDZ7L0H) ....cuiitiiiitiriiiiiiesieeste sttt sttt sne e ene e 58
TABLE 68. VERB-GET GPIO DIRECTION (VERB IDTFL7H) . .cuiiiitiiieiiitirieiisie sttt sttt sttt bt sne b 59
TABLE 69. VERB-SET GPIO DIRECTION (VERB IDZ7L17H) ...cuiiiiiiitiiieiiiteieeieeie ettt sttt sne et ene e 59
TABLE 70. VERB-GET GPIO UNSOLICITED RESPONSE ENABLE MASK (VERB ID=FL19H) ..ot 60
TABLE 71. VERB-SET GPIO UNSOLICITED RESPONSE ENABLE MASK (VERB ID=719H) ......ccoviiieiieie e 60
TABLE 72. VERB-GET DIGITAL CONVERTER CONTROL 1 & CONTROL 2 (VERB ID=FODH, FOEH) ......ccceevvviiriiecrecie e 61
TABLE 73. VERB-SET DIGITAL CONVERTER CONTROL 1 & CONTROL 2 (VERB ID=70DH, 70EH) .....ccccocviierrieveeceee e 62
TABLE 74. VERB-GET SUBSYSTEM ID [31:0] (VERB ID=F20H/F21H/F22H/F23H) .....c.ccovtiieiieseese e ce et 63
TABLE 75. VERB-SET SUBSYSTEM ID [31:0] (VERB ID=723H/722H/721H/720H FOR [31:24]/[23:16]//[15:8)/[7:0]) ...ccvvevrnrne. 63
TABLE 76. VERB-GET EAPD CONTROL (VERB IDZFOCH) ....c.viiiitiiieiiiterieiesie ettt sttt sne e 65
TABLE 77. VERB-SET EAPD CONTROL (VERB IDZT0CH) ..ottt ettt sttt st 65
TABLE 78. VERB-FUNCTION RESET (VERB IDZTFFH) ...oueiiiitiiieiiite ittt ettt sn ettt nne b 66
TABLE 79. ABSOLUTE MAXIMUM RATINGS ....ceittiitteittiieaittateesteesttesteastessaesteesteestessteansesssesssesssesseessesstessssssssssesssesssesssesnsesssesseenes 67
TABLE 80. THRESHOLD VOLTAGE ....ccuttttttttuesteesteesteaseeasseaseesseasseasseasseassesssessssssesssessseansesssesssesssesseessesssessssssesssesssesssesnsesnsesssesseenes 68
TABLE 81. SPDIF OUTPUT CHARACTERISTICS .. .cettettauttasteateesttasttesteastessaessesstesssessseansesssesssssssssseessesssessssssesssesssesssesssesnsesssesseees 68
TABLE 82. DIGITAL FILTER CHARACTERISTICS ...cuttettauttauttattesteesteesteesesssesseesteesbeesseaaseasseasseaseeabeebeesseassesseesbeesbeesbeeneanneennenseenes 69
TABLE 83. LINKRESET AND INITIALIZATION TIMING.....ciiuttitiiitieitieteasteeitesiee st st st et sieesbeesbe e be e e s e e sseesbeesbeesbeeneenreennennee e 69
TABLE 84. LINK TIMING PARAMETERS AT THE CODEC .....uttitiiitietieiteiteeiie st sieesteesteaseassesseesseesbeesbeesbesseesseesbeesbeesseenneenneennessnenes 70
TABLE 85. SPDIF OUTPUT TIMING ...uttiutiittiitee st stee sttt ettt ste bt e bt assesssesseesheesbeeabe e s e e ae e ah e e ab e e abe e bt e s b e e s e e ahe e sbeesbeenbeenneenreanrennre e 71
TABLE 86. ANALOG PERFORMANCE .....ccuttittiiteeiteesteesteaseasteaseeateeaseesteassesssesseesheesbeeabeaaseeaseeh e e ab e e bt e bt e be e eeeReeaheesbeeabe e b e enneenrennee e 72
TABLE 87. CLASS-D POWER AMPLIFIER PERFORMANCE ........coittiitiattaitentiesieesitesteesteaseassesssesssessee st ebesssesseesseesseesseenneanneensessnenes 73
TABLE 88. ORDERING INFORMATION .....uttittiiteeiteesteesteaneeaseeaseasseesseesseasseassessesssessseesseanssanseassesssesssessesssesssesnssasesssesssesssesnseansenseees 75
4-Channel High Definition Audio Codec vii Rev. 0.3

with Embedded Class-D Speaker Amplifier



ALC233-VB
Sif REALTEK S

List of Figures

[ TeTU = I = e Yo S B 17X 2 YV TP RRP 5
FIGURE 2. ANALOG INPUT/OUTPUT UNIT.ccuiiitiiitieitiiieetiesteeiteeeteeetesveaatesbeeebeeebeebasbesssessassbessbesasesnsesasestsesbsesbassbeesbesssesssesaesaresnnas 6
FIGURE 3. JACK DETECTIONL CONNECTION EXAMPLE.......cciittiitieiitteeitteeieeeitteestreesssessteeesseeessseesssesssssssssesssseesseessssessssessssesssessnns 6
FIGURE 4. PIN ASSIGNMENTS ...ttiitteitteiiteesteesiteesiseeestesasseeassssaassesssssasssesssssesssesssssesssssssssesssesssssesssessssessesssssessessssessssessssessnsessnns 7
FIGURE 5. HDA LINK PROTOCOL ..cciutiiiteeiteeiieeste e siteesiteeseteesbesasbeeaseesateessseeatessssseeasassssseessesessssesseeesseesseeessseesseeessseessnessssenns 12
[ TeTU = T = T B 1LY 11N SRS UPRSRTIN 13
FIGURE 7.  SIGNALING TOPOLOGY .....uviiiiiitiiieiitteeeiitteeeaetteeesatteeeastaeaeaatssseaasaeessasseeeaastseesasassesasseseaasbseeeasseeesasbeeesasbreeeaasteeesansns 14
FIGURE 8. SDO OUTBOUND FRAME .....ccceitttiiiittite e iitteeeeette e e e ettee e e steeeeaataeeeeateeeesabaeeeaasbaeesabaesesaabeeeeastaeseasteeessabaeeeantreeeaasteeeeasens 15
FIGURE9. SDO STREAM TAG IS INDICATED INSYNC ... .ottt ettt e e et e e e e tte e e e eab e e e e et e e e eareeeeenees 15
FIGURE 10. STRIPED STREAM ON MULTIPLE SDOS .....ccciitiiiiiiiit ettt ettt ettt e e e ettt e e et e e e s ett e e e e atba e e e enbeeeeseabeeeeeabbeeeeanteeeeanens 16
FIGURE 11. SDI INBOUND STREAM .....utiiiiitiiieiitttee e iitteeeeetteeesetteeeesateeeeaetteeeeaabaeeesabseseaasbeeeeasbeeeesasbeseaasbseeeanbeeeesasbaeesasbreeeansteeeeansns 17
FIGURE 12. SDI STREAM TAG AND DATA .. .oii it ictiee ettt ettt e e sttt e e e st e e e s te e e e e s tte e e e aateeeesateeeaasbeeeeaseeeessabaeeeastreeeaseeeeennnns 17
FIGURE 13. CODEC TRANSMITS DATA OVER MULTIPLE SDIS....ciiiiiiie ettt ettt et s e e saaa e e e st e e e ennae e nnnes 18
FIGURE 14, LINK RESET TIMING....ceiiittteiiittteeiitteeesitteeeaitteeessusasessssssaeasssssesasesessssssssassssssssssssessssesssasssessanseseesassssssssseeesnsssessnnns 22
FIGURE 15. CODEC INITIALIZATION SEQUENCE ...uuuiiiiiiiiittttieeeeesiiitststeessssssassassessssssaasssssessssssassssssssssssasssssssssssssssisbrsssessessissrenes 23
FIGURE 16. RESUME FROM EXTERNAL EVENT (WAKE-UP EVENT) ..ottt ittt st te st e et sta e sneane s 27
FIGURE 17. LINK RESET AND INITIALIZATION TIMING ....uttiiiiiiieeeitiee e st e e e stee e e s itteeessttaeessntaeeessateeesasssesesnseseesnnseeesssseeessnssnsessnnns 69
FIGURE 18. LINK SIGNAL TIMING.....cittteiiitttteeittee et iteeeeeetteeesetteeessbaeeeaetseeesabeeeesisseseaastseesabassesabseseaastseeeanseseesasbeeesassreeeansreeesanees 70
FIGURE 19. OUTPUT TIMING......cuttteiittieeeeitieeeeetteeessttteeeaettesesastaeessbaeeeaasbeseaabaesesbseseaastseesansasseaabbeseaasbseeeanseseessbaeessnttesesnsreeessnnes 71
4-Channel High Definition Audio Codec viii Rev. 0.3

with Embedded Class-D Speaker Amplifier



ALC233-VB

Sif REALTEK e

1. General Description

The ALC233-VB is a High Definition Audio Codec that integrates a 4-channel DAC, 4-channel ADC,
and a stereo Class-D Speaker Amplifier with 2 watts per channel output power. Compared to the ALC269
series, the ALC233-VB provides extra low power consumption, not only for the speaker amplifier but
also when driving the headphone amplifier.

The 4-channel DAC supports two independent stereo or 2.1-channel sound outputs; the 4-channel ADC
integrates two stereo and independent analog sound inputs (multiple streaming). Incorporating Realtek
converter technology achieves a 97dB dynamic range playback quality and a 90dB dynamic range
recording quality. It meets WLP (Windows Logo Program) requirements for Windows systems.

ALC233-VB supports stereo digital microphone input with Realtek proprietary Acoustic Echo
Cancellation (AEC), Beam Forming (BF), and Noise Suppression (NS) technology, significantly
improving voice quality for PC VolIP applications.

As well as basic audio functions, the ALC233-VB supports one SPDIF output converter to connect a PC
to consumer electronic products such as digital decoders and speakers.

There are three integrated amplifiers: A linear headphone amplifier at port-E, another headphone
amplifier at port-1 remove the need for external DC blocking capacitors, eliminating pop noise caused by
these capacitors, and the third is an integrated stereo Class-D amplifier to directly drive speakers. The
Class-D amplifier is designed to drive speakers with as low as 4Q impedance. Its maximum output power
is 2W per channel at 5V power supply. The advantage of an integrated Class-D amplifier in the
ALC233-VB is high efficiency with lower power consumption.

The ALC233-VB supports Universal Audio Jack, where it not only operates with OMTP and Standard
Headsets, such as an iPhone Headset, but also as a Line-in/Microphone. The ALC233-VB detects OMTP
and Standard headsets with no extra MOSFET or analog switch required. The ALC233-VB provides a
‘Headset Push-Button Control” function; certain types of push button behavior on the headset line can be
detected, and control corresponding to individual push button behavior can be customized by the Realtek
audio driver according to customer’s requests.

4-Channel High Definition Audio Codec 1 Rev. 0.3
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2. Features

2.1. Hardware Features

B Meets Microsoft® WLP (Windows Logo Program) and Lync™ audio requirements for Windows
systems

B 97dB Signal-to-Noise Ratio (A-weighting) for DAC output
B 90dB Signal-to-Noise Ratio (A-weighting) for ADC input

B 4-channel DAC supports 16/20/24-bit PCM format for independent two stereo channel or 2.1 audio
playback

B 4-channel ADC supports 16/20/24-bit PCM format for independent two stereo channel audio inputs
B All DACs support 44.1k/48k/96k/192kHz sample rate

B All ADCs support 44.1k/48k/96k/192kHz sample rate

B SPDIF-OUT supports 16/20/24-bit format and 44.1/48/88.2/96/192kHz rate

B Supports MONO line level output

B Analog port-E (LINEZ2) supports input and output re-tasking

B Port-C (LINE1) and port-F (MIC2) are dedicated inputs with boost gain

B Supports external PCBEEP input and features built-in digital BEEP generator

B Software selectable 2.5V/3.2V/4.0V VREFOUT as bias voltage for analog microphone input
B Programmable +10/+20/+30dB boost gain for analog microphone input

B Supports stereo digital microphone input, and programmable boost gain and volume control
B Built-in headphone amplifiers for port-E (LINE2) and port-1 (HP-OUT)

B Headphone amplifier for port-1 does not require DC blocking capacitors

B Supports three jack detection pins each designed to detect up to 2 jacks, and SPDIF-OUT jack
detection

B Supports combo jack with stereo headphone output and mono microphone input on a 4-pole jack

B Combo jack detection without extra MOSFET needed

4-Channel High Definition Audio Codec 2 Rev. 0.3
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B Supports Headset Push-Button Control for combo jack

B 4 GPIOs for customized applications (pin-shared with digital microphone interface and SPDIF-OUT)
B Supports Anti-pop mode when analog power AVDDL is on and DVDD/AVDD?2 are off

B Supports PCBEEP pass-through to Class-D output (Port D)

B Supports Line-In pass-through to speaker out (Sleep & Music mode)

B Volume synchronization for PCBEEP in D0/D3 mode change

B PCBEEP input signal level detection

B Enhanced power management features for normal operation and standby mode

B Stereo Bridge-Tied Load Class-D amplifier at port-D has 2Watt (rms)/4Q per channel output

B DC detector, short circuit and thermal overload protection for Class-D amplifier

B Class D amplifier has seven band hardware equalizers and high pass filter to compensate for
frequency response and protect the speaker

B AGC (Auto Gain Control) function for Class-D amplifier removes distortion when outputting high
volume sound

B Class-D amplifier output with slew rate control to improve EMI performance

B Intel low power DCN (HDAO15-B) compliant, supports power status control, jack detection, and
wake-up event in D3 mode

B 48-pin MQFN ‘Green’ package (6x6 mm dimension)

2.2. Software Features

B Compatible with Windows Logo Program 3.1x requirements

B EAX™ 1.0 & 2.0 compatible

B Direct Sound 3D™ compatible

B [3DL2 compatible

B Emulation of 26 sound environments to enhance gaming experience

B Multi-band software equalizer and tools

4-Channel High Definition Audio Codec 3 Rev. 0.3
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Voice Cancellation and Key Shifting in Karaoke mode
Dynamic range control (expander, compressor, and limiter) with adjustable parameters
Intuitive Configuration Panel (Realtek Audio Manager) to enhance the user experience

Realtek proprietary Microphone Acoustic Echo Cancellation (AEC), Noise Suppression (NS), and 2"
generation Beam Forming (BF) technology for voice application

Smart multiple streaming operation

HDMI audio driver for AMD platform

Dolby® PCEE program™ (optional software feature)

DTS® CONNECT™, DTS® Surround Sensation UltraPC™ (optional software feature)
SRS® TruSurround HD, SRS® Premium Sound™ (optional software feature)
SonicFocus® Programs (optional software feature)

Fortemedia® SAM™ technology for voice processing (Beam Forming and Acoustic Echo
Cancellation) (optional software feature)

Creative® Host Audio program (optional software feature)

3. System Applications

B Notebook PCs

B Ultrabook and Tablet with High Definition Audio Controller

4-Channel High Definition Audio Codec 4 Rev. 0.3
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4.1. Analog Input/Output Unit

Pin widgets NID=1Bh is re-tasking 10 supporting input units and amplifier units.

R
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Figure 2.

Analog Input/Output Unit

4.2. Jack Detection Resistor Matrix
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Figure 3. Jack Detectionl Connection Example
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Figure 4. Pin Assignments

LINE2-L(PORT-E-L)
LINE2-R(PORT-E-R)
LINE1-L(PORT-C-L)
LINE1-R(PORT-C-R)

VD33 STB

MIC CAP
MIC2-R(PORT-F-R)/SLEEVE
MIC2-L(PORT-F-L)/RING
MONO-OUT
SPDIFO/FRONT JD(JD3)/GPIO3
MIC2/LINE2 JD(JD2)

HP/ LINE1 JD(JD1)
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5.1. Package and Version Identification

Green package is indicated by a ‘G’ in the location marked ‘T’. The silicon version and step numbers are
shown in the location marked ‘V’ and ‘S’.

5.1.1.  Engineering Samples: B1
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5.1.2. Production Version: B2
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6.

Pin Descriptions

6.1. Digital I/O Pins

Table 1. Digital I/O Pins
Name Type | Pin | Description Characteristic Definition
RESETB | 11 | H/W Reset Control Schmitt trigger input,
V=0.4*DVDD-I0, V;,=0.6*DVDD-IO
SYNC | 10 | Sample Sync (48kHz) Schmitt trigger input,
V,.=0.4*DVDD-IO, V\4=0.6*DVDD-10
BCLK | 6 | 24MHz Bit Clock Input Schmitt trigger input,
V,=0.4*DVDD-I0, V\;,=0.6*DVDD-IO
SDATA-OUT | 5 | Serial TDM Data Input Schmitt trigger input,
V,.=0.4*DVDD-IO, V;=0.6*DVDD-IO
DC DET 0 4 | DC Detector Output Open Drain
SDATA-IN 10 8 | Serial TDM Data Output Schmitt trigger input,
V. =0.4*DVDD-I0, V;,=0.6*DVDD-IO
Output, Vou=0.9*DVDD-10, V,=0.1*DVDD-10
SPDIF-OUT/ 10 | 48 | SPDIF output, GP102: V, =1/2*DVDD, internal pull low to ground
GPIO2! /General Purpose Input/Output 2 | by 47k ohm.
Output, Vo =DVDD, V,_ =DVSS
SPDIF output: 12mA@75% driving capability.
GPIO0/ 10 2 | General Purpose Input/Output 0 | GPIOO: V, =1/2*DVDD, internal pull high to
DMIC-DATA Data input from digital MIC1&2 | DVDD by 47k ohm.
Output, Vou=DVDD, Vo, =DVSS
GPIO1/ 10 3 | General Purpose Input/Output 1 | GPIO1: V, =1/2*DVDD, internal pull high to
DMIC-CLK Clock output for digital MIC DVDD by 47k ohm.
Output, Voy =DVDD, V,_ =DVSS
DMIC-CLK: Default 2.048MHz clock output
PDB | 47 | Low to Power Down Class-D Schmitt trigger input,
amplifier Output (Port-D) V,.=0.4*DVDD, V,,;=0.6*DVDD, internal pull high
to DVDD by 47k ohm (Internally pulled-high by a
47K resistor)
JD1 | 13 | Jack Detect for HP and Linel Internal pull high/low/float programmable PIN.
port 3 thresholds to detect 4 states
2.2V/1.65V/1.32V
(Option for 1 pin detects 1 port)
JD2 | 14 | Jack Detect for MIC2 and Line2 | Internal pull high/low/float programmable PIN
port 3 thresholds to detect 4 states
2.2V/1.65V/1.32V
(Option for 1 pin detects 1 port)
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Name Type| Pin

Description

Characteristic Definition

JD3/GPI10O3 | 15

Jack Detect for SPDIF-OUT and
SPK-OUT port

Internal pull high/low/float programmable PIN
3 thresholds to detect 4 states
2.2V/1.65V/1.32V

(Option for 1 pin detects 1 port)

Total: 13 Pins

Note: Combo jack detection pin is shared with SPDIF-OUT. Contact Realtek for the latest optimized Combo Jack design

circuit.

6.2. Analog I/O Pins

Table 2. Analog I/O Pins
Name Type| Pin |Description Characteristic Definition
PCBEEP | 12 | External PCBEEP Input Analog input, 1.3Vrms of full-scale input
LINE2-L 10 | 24 |2" Line Input Left Channel Analog input/output, default is input (Port-E)
LINE2-R 10 | 23 |2" Line Input Right Channel Analog input/output, default is input (Port-E)
MIC2-L | 17 | 2" Stereo Microphone Input Left | Analog input (Port-F)
Channel
MIC2-R | 18 | 2" Stereo Microphone Input Analog input (Port-F)
Right Channel
MONO-OUT (0] 16 | MONO Output Analog mono output
MIC CAP I 19 | Command mode voltage for 10F capacitor to analog ground
MIC2 for 4 pole jack
configuration
LINE1-L | 22 | 1% Line Input Left Channel Analog input (Port-C)
LINE1-R | 21 | 1% Line Input Right Channel Analog input (Port-C)
SPK-OUT-L+ 0 42 | SPK Amplifier Positive Left Sigma Delta Modulation output (Port-D)
Channel
SPK-OUT-L- 0 43 | SPK Amplifier Negative Left Sigma Delta Modulation output (Port-D)
Channel
SPK-OUT-R- o] 44 | SPK Amplifier Negative Right Sigma Delta Modulation output (Port-D)
Channel
SPK-OUT-R+ O | 45 | SPK Amplifier Positive Right Sigma Delta Modulation output (Port-D)
Channel
HPOUT-L O | 32 |Headphone Out Left Channel Analog output (Port-I)
HPOUT-R 0 33 | Headphone Out Right Channel Analog output (Port-1)
Total: 15 Pins
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6.3. Filter/Reference/Not Connected Pins

Table 3. Filter/Reference/Not Connected Pins

Name Type| Pin |Description Characteristic Definition
VREF - 28 |2.25V Reference Voltage 4.7uF capacitor to analog ground
LDO1-CAP - 27 | Reference Voltage for 10uF capacitor to analog ground
integrated regulator for AvDD1
MIC2-VREFO o] 29 | Bias \Voltage for MIC2 Jack 2.25V/3.2V/4.0V reference voltage
LINE1-VREFO-R | O 30 | Secondary Bias Voltage for 2.25V/3.2V/4.0V reference voltage
LINE1 jack
LINE1-VREFO-L | O 31 | Bias Voltage for LINE1 Jack 2.25V/3.2V/4.0V reference voltage
CPVEE - 34 | Reference Woltage Output 2.2uF capacitor to digital ground
CBN - 35 | Reference Capacitor 2.2uF capacitor to CBP
CBP - 37 | Reference Capacitor 2.2UF capacitor to CBN
LDO2-CAP - 39 | Reference voltage for 10uF capacitor to analog ground
integrated regulator for Analog
core power
LDO3-CAP - 7 | Reference voltage for 10uF capacitor to digital ground
integrated regulator for Digital
core power
Total: 10Pins

6.4. Power & Ground Pins

Table 4. Power & Ground Pins

Name Type| Pin |Description Characteristic Definition

VD33 STB P 20 | Analog power VDD (3.3V) Power for combo jack depop circuit at system
shutdown mode

AVDD1 P 26 | Analog VDD (5V) Analog power for mixers, & 10 ports

AVSS1 G 25 | Analog GND Analog ground for mixers, & 10 ports

CPVDD p 36 | Capless Amplifier VDD (3.3V) | Power supply for cap-saving HP AMP & its charge
pump

DVDD P 1 | Digital VDD (3.3V) Digital power for digital 1/0O circuit

DVvDD-10 P 9 | Digital VDD (3.3V or 1.5V) Digital power for HDA link

AvDD2 P 40 | Analog VDD (1.5V) Analog power for DACs, ADCs

AVSS2 G 38 | Analog GND Analog ground for DACs, ADCs

PVDD1 P 41 | Power Stage VDD (5.0V) Power supply for full-bridge left channel

PVDD2 P 46 | Power Stage VDD (5.0V) Power supply for full-bridge right channel

Thermal Pad G - | Power Stage Ground Ground for full-bridge left/right channel
Total: 10 Pins
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7.
7.1. Link Signals

High Definition Audio Link Protocol

The High Definition Audio (HDA) Link is the digital serial interface that connects the HDA codecs to the
HDA Controller. The HDA link protocol is controller synchronous, based on a 24.0MHz BIT-CLK sent
by the HDA controller. The input and output streams, including command and PCM data, are isochronous
with a 48kHz frame rate. Figure 5 shows the basic concept of the HDA link protocol.

. T (frame_sync) = 20.833 psec (48kHz)
Previous Frame
< > Next Frame
Frame SYNC=8 BCLK Stream'A' Tag Stream'B' Tag
4 - AT — o~ R —
2 e (Here'A' =5) ~"  (Here'B' =6)
SYNC g Hﬂﬂ « “
. . , . ,
l" " /[ }’ /[
SDO Command Stream Stream 'A' Data X Stream 'B' Data X:
(40- bit data) " "
I
Stream §
Sl Response Stream X 'C' Tag Stream 'C' Data
(36-bit data) (n bytes+10- bit data)
RST#

Figure 5. HDA Link Protocol
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7.1.1.  Signal Definitions

Table 5. Link RESET#

Item Description
BCLK | 24.0MHz bit clock sourced from the HDA controller and connecting to all codecs.

SYNC | A48kHz signal used to synchronize input and output streams on the link. It is sourced from the HDA
controller and connects to all codecs.

SDO Serial Data Output signal driven by the HDA controller to all codecs. Commands and data streams are
carried on SDO. The data rate is double-pumped; the controller drives data onto the SDO, the codec samples
data present on SDO with respect to each edge of BCLK. The HDA controller must support at least one
SDO. To extend outbound bandwidth, multiple SDOs may be supported.

SDI Serial Data Input signal driven by the codec. This is point-to-point serial data from the codec to the HDA
controller. The controller must support at least one SDI. Up to a maximum of 15 SDI’s can be supported.
SDI is driven by the codec at each rising edge of BCLK, and sampled by the controller at each rising edge of
BCLK. SDI can be driven by the controller to initialize the codec’s ID.

RESET# | Active low reset signal. Asserted to reset the codec to default power-on state. RESET# is sourced from the
HDA controller and connects to all codecs.

Table 6. HDA Signal Definitions

Signal Name Source Type for Controller | Description
BCLK Controller Output Global 24.0MHz bit clock.
SYNC Controller Output Global 48kHz Frame Sync and outbound tag signal.
SDO Controller Output Serial data output from controller.
SDI Codec/Controller Input/Output Serial data input from codec. Weakly pulled down by the
controller.
RESET# Controller Output Global active low reset signal.

BCLK AN
REIR v
i < >
SYNC Vo %é /8—Bit Frame SYNC
LI §
a% g,j | +Start of Frame
Y W% e
SDO X X X X X%‘%X X X7X6X5X4X3X2X1X 0X999X998X997X996X995X99£X993X992X99‘X99(X X X X
v A A
SDl X X X X 3 X 2 X 1 X 0 X 499X 498 X 497 X 496 X495 X 494X
A — .
i \Codec samples SDO at both rising and falling edge of BCLK
\Controller samples SDI at rising edge of BCLK\
Figure 6. Bit Timing
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7.1.2.  Signaling Topology

The HDA controller supports two SDOs for the outbound stream, up to 15 SDIs for the inbound stream.
RESET#, BCLK, SYNC, SDOO, and SDO1 are driven by the controller to codecs. Each codec drives its
own point-to-point SDI signal(s) to the controller.

Figure 7 shows the possible connections between the HDA controller and codecs:

e Codec 0 is a basic connection. There is one single SDO and one single SDI for normal transmission
e Codec 1 has two SDOs for doubled outbound rate, and a single SDI for normal inbound rate

e Codec 3 supports a single SDO for normal outbound rate, and two SDIs for doubled inbound rate

e Codec N has two SDOs and multiple SDIs

The multiple SDOs and multiple SDIs are used to expand the transmission rate between controller and
codecs. Section 7.2 Frame Composition, page 15, describes the detailed outbound and inbound stream
compositions for single and multiple SDOs/SDIs.

The connections shown in Figure 7 can be implemented concurrently in an HDA system. The
ALC233-VB is designed to receive a single SDO stream.

SDI14
SDI13
SDI2
HDA SDI1
Controller spio
SDO1
SDO0
SYNC
BCLK
RST#
T w0y wn TV LLO® oI B )] n n T VOO
QX9 o] QOX000g QX9 U U QOX0UU0guou
4538 3 4%5%8¢23 4538 387 453823882 5R
Codec O Codec 1 Codec 2 Codec N
Single SDO Two SDOs Single SDO Two SDOs
Single SDI Single SDI Two SDIs Multiple SDIs
Figure 7. Signaling Topology
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7.2. Frame Composition
7.2.1.  Outbound Frame-Single SDO

An outbound frame is composed of one 32-bit command stream and multiple data streams. There are one

or multiple sample blocks in a data stream. Only one sample block exists in a stream if the

HDA

controller delivers a 48kHz rate of samples to the codec. Multiple sample blocks in a stream means the
sample rate is a multiple of 48kHz. This means there should be 2 blocks in the same stream to carry

96kHz samples (Figure 8).

For outbound frames, the stream tag is not in SDO, but in the SYNC signal. A new data stream is started

at the end of the stream tag. The stream tag includes a 4-bit preamble and 4-bit stream ID (Figure 9)

To keep the cadence of converters bound to the same stream, samples for these converters must be placed

in the same block.

) A 48kHz Frame is composed of Command stream and multiple Data streams
Previous Frame Next Frame

<

Frame SYNC _ Stream 'A' Tag Stream 'X' Tag

SYNC r HHH e (Here 'A' = 5) /U_lﬂ“" (Here 'X' = 6) Mgﬂﬂj\
|

1 1

‘ \
& |1 i
SDO XCommand StreamX Stream 'A’ Data // X Stream 'X' Data // X 0s X r
[ - 1
__,_.-«-""'f __,_.»--"""MMM /
.,w*'""ﬂ-‘ P
Pl PR Null Eield Padded at the
| Sample Block(s) | One or multiple blocks in a stream end of Frame
! —
— For 48kHz rate, only Block1 is included
| Block 1 | Block 2 | | Block Y | For 96kHz rate, Block1 includes (N),, time of samples, Block2
P NMM"M includes (N+1),, time of samples
|Samp|e 1 | Sample 2| i | Sample Z| Z channels of PCM sample

msb first in a sample

Figure 8. SDO Outbound Frame

BCLK

Stream Tag |

¢

msb  Isb
SYNC 1/0[1/0
I D S D e

Preamble Stream=10 patg of Stream 10
(4-Bit)  (4-Bit) y

soo | ||| [ AL LTI

Previous Stream <= |

Figure 9. SDO Stream Tag is Indicated in SYNC
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7.2.2.  Outbound Frame-Multiple SDOs

The HDA controller allows two SDO signals to be used to stripe outbound data, completing transmission
in less time to get more bandwidth. If software determines that the target codec supports multiple SDO
capability, it enables the ‘Stripe Control’ bit in the controller’s Output Stream Control Register to initiate
a specific stream (Stream ‘A’ in Figure 10) to be transmitted on multiple SDOs. In this case, the MSB of
stream data is always carried on SDOO, the second bit on SDO1 and so forth.

SDOL1 is for transmitting a striped stream. The codec does not support multiple SDOs connected to
SDOO.

To guarantee all codecs can determine their corresponding stream, the command stream is not striped. It
is always transmitted on SDOO, and copied on SDOL.

Stream 'A' Tag Stream 'X' Tag Stream 'Y' Tag

swe [ Il /Lﬂﬂ /U\M /mﬂlL

Frame SYNC
Stream 'A' to Codec A ; |

xfommandsueamx.x”XXXXXE [ v xiwcossx | [svam v ooumeer ||

D,
/I /1 /1

xiemmandsneamxxxgxxx,xx"“_- T 1= 7T

,.-"': B \\._‘:‘ 1" 1f 1f

| Stream A is "bit-striped" on SDOO0 and SDO1 |

| Command Stream is unchanged, not striped |

Figure 10. Striped Stream on Multiple SDOs
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7.2.3. Inbound Frame-Single SDI

An Inbound Frame-Single SDI is composed of one 36-bit response stream and multiple data streams.
Except for the initialization sequence (turnaround and address frame), SDI is driven by the codec at each
rising edge of BCLK. The controller also samples data at the rising edge of BCLK (Figure 11).

The SDI stream tag is not carried by SYNC, but included in the SDI. A complete SDI data stream
includes one 4-bit stream tag, one 6-bit data length, and n-bit sample blocks. Zeros will be padded if the
total length of the contiguous sample blocks within a given stream is not of integral byte length
(Figure 12).

R Next Frame

1€

'} . .
Previous Frame 3‘ A 48kHz Frame is Composed of a Response Stream and Multiple Data streams
[

Frame SYNC

\
%
% |
SDI XResponse Stream L Stream 'A’ W Stream 'X' /[X Os X X:

" .,-"""‘o. 1
.o....,»""'-hhb ,»v'»""'”h“- / /
e e H
P P Null Field | Padded at the end of Frame

|Stream Tagl Sample Block(s) |

——
e
oot

For 48kHz rate, only Block1 is included

| Block 1. | Block 2 | - | Block Y |Nu|| Pad I For 96kHz rate, Block{1, 2} includes {(N) ,, (N+1),,} time of samples
‘-‘»_,.v-" —
| Sample 1 | Sample 2 | | Sample Zl Z channels of PCM sample
—

- msb first in a sample

Figure 11. SDI Inbound Stream

BCLK

H

< Stream Tag ~» € Data Length in Bytes --»{ n-Bit Sample Block |  Null Pad
7 €

)Z%X%X%X%X%X%X%XBzXBlXBoXD“XDan//XDOX°X o] X!

le (Data Length in Bytes *8)-Bit «-»
A Complete Stream i

Next‘Stream

Figure 12. SDI Stream Tag and Data

4-Channel High Definition Audio Codec 17 Rev. 0.3
with Embedded Class-D Speaker Amplifier



ALC233-VB
Sif REALTEK S

7.2.4, Inbound Frame-Multiple SDIs

A codec can deliver data to the controller on multiple SDIs to achieve higher bandwidth. If an inbound
stream exceeds the data transfer limits of a single SDI, the codec can divide the data onto separate SDI
signals, each of which operate independently, with different stream numbers at the same frame time. This
is similar to having multiple codecs connected to the controller. The controller samples the divided stream
into separate memory with multiple DMA descriptors, then software re-combines the divided data into a
meaningful stream.

swe || | | |

11 11 11
Frame SYNC

Stream 'A’ p

Sbl, XResponse Stream X Tag A Data A X Stream 'X' X Stream 'Y" // X:
17

\ 1f
Stream BJ I T

11
SDIl\ XResponse Stream (Tag B Data B /
11

\ Y I 11
1
|Codec drives SDI, and SDI1| |Stream A, B, X, and Y are independent and have separate IDs|

Figure 13. Codec Transmits Data Over Multiple SDIs

7.2.5.  Variable Sample Rates

The HDA link is designed for sample rates of 48kHz. Variable sample rates are delivered in multiple or
sub-multiple rates of 48kHz. Two sample blocks per frame result in a 96kHz delivery rate, one sample
block over two frames results in a 24kHz delivery rate. The HDA specification states that the sample rate
of the outbound stream be synchronized by the controller, not by the codec. Each stream has its own
sample rate, independent of any other stream.

The HDA controller supports 48kHz and 44.1kHz base rates. Table 7, page 19, shows the recommended
sample rates based on multiples or sub-multiples of one of the two base rates.

Rates in sub-multiples (1/n) of 48kHz are interleaving n frames containing no sample blocks. Rates in
multiples (n) of 48kHz contain n sample blocks in a frame. Table 8, page 19, shows the delivery cadence
of variable rates based on 48kHz.

The HDA link is defined to operate at a fixed 48kHz frame rate. To deliver samples in (sub) multiple
rates of 44.1kHz, an appropriate ratio between 44.1kHz and 48kHz must be maintained to avoid
frequency drift. The appropriate ratio between 44.1kHz and 48kHz is 147/160. Meaning 147 sample
blocks are transmitted every 160 frames.
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The cadence ‘12-11-11-12-11-11-12-11-11-12-11-11-11- (repeat)’ interleaves 13 frames containing no
sample blocks in every 160 frames. It provides a low long-term frequency drift for 44.1kHz of delivery
rate. Rates in sub-multiples (1/n) of 44.1kHz also follow this cadence and interleave n empty frames.
Rates in multiples (n) of 44.1kHz applying this cadence contain n sample blocks in the non-empty frame
AND interleave an empty frame between non-empty frames (Table 9, page 20).

Table 7. Defined Sample Rate and Transmission Rate
(Sub) Multiple | 48kHz Base 44.1kHz Base
1/6 8kHz (1 sample block every 6 frames) -
1/4 12kHz (1 sample block every 4 frames) 11.025kHz (1 sample block every 4 frames)
1/3 16kHz (1 sample block every 3 frames) -
1/2 - 22.05kHz (1 sample block every 2 frames)
213 32kHz (2 sample blocks every 3 frames) -
1 48kHz (1 sample block per frame) 44.1kHz (1 sample block per frame)
2 96kHz (2 sample blocks per frame) 88.2kHz (2 sample blocks per frame)
4 192kHz (4 sample blocks per frame) 176.4kHz (4 sample blocks per frame)
Table 8.  48kHz Variable Rate of Delivery Timing
Rate Delivery Cadence Description
8kHz YNNNNN (repeat) One sample block is transmitted in every 6 frames
12kHz YNNN (repeat) One sample block is transmitted in every 4 frames
16kHz YNN (repeat) One sample block is transmitted in every 3 frames
32kHz Y2NN (repeat) One sample block is transmitted in every 6 frames
48kHz Y (repeat) One sample block is transmitted in each frames
96kHz Y? (repeat) Two sample blocks are transmitted in each frame
192kHz Y* (repeat) Four sample blocks are transmitted in each frame

N: No sample block in a frame
Y: One sample block in a frame
Yx: X sample blocks in a frame
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Table 9. 44.1kHz Variable Rate of Delivery Timing

Rate Delivery Cadence
11.025kHz 2{12}{-)}{11}{-}{11}{-}{12}{-}{11}{-}{11}{-}{12}{-}{11}{-}{11}{-}{12}{-}{11}{-}{11}{-}{11}{-}
repeat
22.05kHz 2{12}{-)}{11}{-}{11}{-}{12}{-}{11}{-}{11}{-}{12}{-}{11}{-}{11}{-}{12}{-}{11}{-}{11}{-}{11}{-}
repeat

441kHz | 12-11-11-12-11-11-12-11-11-12-11-11-11- (repeat)
88.2kHz | 12%-11%11%-12%11%-112-122-11%11%-12%-11%-11%-11% (repeat)
176.4kHz | 12*-11%-11%-12%-11%11%12*11%-11%12%11%11*11* (repeat)

11.025kHz: {123=YNNNYNNNYNNNYNNNYNNNYNNNYNNNYNNNYNNNYNNNYNNNYNNN
{11}=YNNNYNNNYNNNYNNNYNNNYNNNYNNNYNNNYNNNYNNNYNNN
{ - }=NNNN

22.050kHz: {12}=YNYNYNYNYNYNYNYNYNYNYNYN
{113=YNYNYNYNYNYNYNYNYNYNYN

{-}=NN

44.1kHz  12- =Contiguous 12 frames containing 1 sample blocks each, followed by one frame
with no sample block.

88.2kHz  122- =Contiguous 12 frames containing 2 sample blocks each, followed by one frame
with no sample block.

176.4kHz  12*- =Contiguous 12 frames containing 4 sample blocks each, followed by one frame
with no sample block.
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7.3. Reset and Initialization
There are two types of reset within an HDA link:

e Link Reset
Generated by assertion of the RESET# signal. All codecs return to their power-on state

e Codec Reset
Generated by software directing a command to reset a specific codec back to its default state

An initialization sequence is requested after any of the following three events:
e Link Reset
e Codec Reset

e Codec changes its power state, e.g., hot docking a codec to an HDA system

7.3.1. Link Reset

A link reset may be caused by any of the following three events:
1. The HDA controller asserts RESET# for any reason (power up, or PCI reset)

2. Software initiates a link reset via the ‘CRST’ bit in the Global Control Register (GCR) of the HDA
controller

3. Software initiates power management sequences. Figure 14, page 22, shows the ‘Link Reset’ timing
including the ‘Enter’ sequence (@~®) and ‘Exit’ sequence (0~©)

Enter ‘Link Reset’:

O Software writes a 0 to the ‘CRST” bit in the Global Control Register of the HDA controller to initiate a
link reset

@® As the controller completes the current frame, it does not signal the normal 8-bit frame SYNC at the
end of the frame

© The controller drives SYNC and all SDOs to low. Codecs also drive SDIs to low
O The controller asserts the RESET# signal to low, and enters the ‘Link Reset’ state

© All link signals driven by controller and codecs should be tri-state by internal pull-low resistors
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with Embedded Class-D Speaker Amplifier



ALC233-VB
Sif REALTEK S

Exit from ‘Link Reset’;

O If BCLK is re-started for any reason (codec, wake-up event, power management, etc.)

@ Software is responsible for de-asserting RESET# after a minimum of 100us BCLK running time (the
100psec provides time for the codec PLL to stabilize)

® Minimum of 4 BCLKSs after RESET# is de-asserted, the controller starts to signal normal frame SYNC

© The codec drives its SDI to request an initialization sequence (when the SDI is driven high at the last
bit of frame SYNC)

Previous Frame | 4 BCLK 4 BCLK Link in Reset [|>= 100 usec| >=4BCLK | Initialization Sequence
{“Normal Frame § Normal Ff me
SYNC { SYNC is absent [, Driven Low Pulled Low z SYNC
Ll é - " 1! e
SDOs // Driven Low Pulled Low // //
11 1" 1!
Wake Event
SDIs // Driven Low Pulled Low // // / \
i i i i e
RST# // Pulled Low // / /
1r 1r

© [ 4] (5] (6] 7
Figure 14. Link Reset Timing

7.3.2. Codec Reset

A ‘Codec Reset’ is initiated via the Codec RESET command verb. It results in the target codec being
reset to the default state. After the target codec completes its reset operation, an initialization sequence is
requested.

In the ALC233-VB, the extend power state of conforming to Intel low power ECR the function reset
could not initialize the register setting. Host SW needs to send “two” function reset consecutively to reset
all settings.
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7.3.3.  Codec Initialization Sequence

© The codec drives SDI high at the last bit of SYNC to request a Codec Address (CAD) from the
controller

@® The codec stops driving the SDI during this turnaround period
© OO0 The controller drives SDI to assign a CAD to the codec
@ The controller releases the SDI after the CAD has been assigned

® Normal operating state

Turnaround Frame Address Frame
(Non-48kHz Frame) (Non-48kHz Frame) | Normal Operation

oo JU ST UL DU UL UL DOy
o | / | C// CORRNC b =

Exit from Reset Connectlon Frame

Il [T
RST# ﬂ // // ;6
< 'E < < <_>§ >
Codec i Codec Controller Drives SDIx Controller Codec Drives SDIx
Drives SDIx i Turnaround Turnaround
i (477 BCLK (477 BCLK
Max.) Max.)

Figure 15. Codec Initialization Sequence

7.4. Verb and Response Format

7.4.1. Command Verb Format

There are two types of verbs: one with 4-bit identifiers (4-bit verbs) and 16-bits of data, the other with
12-bit identifiers (12-bit verbs) and 8-bits of data. Table 10 shows the 4-bit verb structure of a command
stream sent from the controller to operate the codec. Table 11 is the 12-bit verb structure that gets and
controls parameters in the codec.

Table 10. 40-Bit Commands in 4-Bit Verb Format

Bit [39:32] Bit [31:28] Bit [27:20] Bit [19:16] Bit [15:0]
Reserved Codec Address Node ID Verb ID Payload
Table 11. 40-Bit Commands in 12-Bit Verb Format
Bit [39:32] Bit [31:28] Bit [27:20] Bit [19:8] Bit [7:0]
Reserved Codec Address Node ID Verb ID Payload
4-Channel High Definition Audio Codec 23
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Table 12. Supported Commands

AERERCRERE s
Q o % c c = V) E g o > 'g) > 8 s
5 |5 |2 |s|s|§ |28 |8 |88 |2 |2 |¥ |2 |2
Supported Verb S < E g |8 |8 = 8 S ; S 1212 | |5 |
2 |8 |8/5S5|5|s|8|a|=|z|g |8 |5 |5 |2 |8
O » x LL L L - o =] D = = Q =
=} = = s |2 |5 o e |3 o S ] o
S | © T |8 |35 n |a m |
S |35 2 | c S < c
4 ) @) g < )
= | T >
Get Parameter FOO | - Y | Y - -|Y|lY | YI|Y|Y|Y|Y|Y|Y
Connection Select FO1 | 701 | - - - - - - Y |Y - Y - - - -
Get Connection List Entry | F02 - - - - - - - Y | Y|Y|Y - - - -
Processing State FO3 | 703 | - - - - - - - - - - - - _ -
Coefficient Index D-- | 5 | - - - - - - - - - - - - |y
Processing Coefficient C- | 4| - | -|-1-1-1-1- - - - Y
Amplifier Gain/Mute B-- | 3-- - - - - - - Y| Y |Y - - - - -
Stream Format A-- | 2-- - - - - - Y | Y - - - - - - R
Digital Converter 1 FOD | 70D | - - - - - Y|Y - - - - - -
Digital Converter 2 FOD | 70E | - - - - - Y | Y - - - - - - -
Digital Converter 3 F3D | 73D | - - - - - Y | Y - - - - - - -
Digital Converter 4 F3E | 73E | - - - - - Y |Y - - - - - - -
Power State FO5 | 705 | - Y - - - Y | Y|Y - - - - - -
Channel / Stream ID FO6 | 706 | - - - - Y | Y - - - - - - -
SDI Select Fo4 | 704 | - - - - - - - - - - - - - -
Pin Widget Control FO7 | 707 | - - - - - - -l Y | - - - - - -
Unsolicited Enable FO8 | 708 | - - - - - - - Y | - - -y | - -
Pin Sense FO09 | 709 | - - - - - - - Y - - - - - -
EAPD Control FOC | 70C | - - - - - - - Y - - - - - -
All GP10O Control F10-|710-| - | Y | - - - - - - - - - - - -
F1A | 71A
Beep Generator Control FOA | 70A | - - - - - - - - - - - -y | -
Volume Knob Control FOF | 70F | - - - - - - - - - - - - - -
Subsystem ID, Byte 0 F0|1720| - | Y | - - - - - - - - - i i -
Subsystem 1D, Byte 1 F0 | 721 | - | Y | - - - - - - - - - - - -
Subsystem 1D, Byte 2 F0 | 722 | - | Y | - - - - - - - - - - - -
Subsystem ID, Byte 3 F20|723| - | Y | - - - - - - - - - i i -
Config Default, Byte 0 FiC | 71C | - - - - - - - Y | - - - - - -
Config Default, Byte 1 F1C | 71D | - - - - - - - Y | - - - - - -
Config Default, Byte 2 F1C | 71E | - - - - - - - Y - - - - _ -
Config Default, Byte 3 F1C | 71F | - - - - - - - Y - - - - _ -
Function RESET - | 7FF | - Y - - - - - - - - - - - -
*1: The ALC233-VB does not support Modem/HDMI/Vendor groups and Power State widgets.
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Table 13. Supported Parameters
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Vendor ID 00| Y - - - - - - - - - - - -

Revision ID 02 | Y - - - - - - - - - - - - -

Subordinate Node Count 04| Y | Y| - - - - - - - - - - - -

Function Group Type 05 | - Y - - - - - - - - - - - -

Audio Function Group 08 | - Y - - - - - - - - - - - -

Capabilities

Audio Widget Capabilities 09 | - - - - - Y| Y| Y| Y |Y|Y|Y|Y]|Y

Sample Size, Rate 0A | - Y - - - Y I|Y - - - - - - -

Stream Formats 0B | - Y - - - Y Y - - - - - - R

Pin Capabilities oCc | - - - - - - - Y - - - - - -

Input Amp Capabilities oD | - - - - - - Y - Y |Y - - - -

Output Amp Capabilities 12 | - - - - - - - Y |'Y - - - - -

Connection List Length 0E | - - - - - - Y | Y|Y|Y - - - -

Supported Power States oF | - Y - - - Y|Y|Y|Y|Y - - - Y

Processing Capabilities 10 | - - - - - - - - - - - - -y

GPI1/0 Count 1 | - - - - - - - - - - - - - -

Volume Knob Capabilities 13 | - - - - - - - - - - - - - -
*1: The ALC233-VB does not support Modem/HDMI/Vendor groups and Power State widgets.
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1.4.2. Response Format

There are two types of response from the codec to the controller. Solicited Responses are returned by the
codec in response to a current command verb. The codec will send Solicited Response data in the next
frame, without regard to the Set (Write) or Get (Read) command. The 32-bit response is interpreted by
software, opaque to the controller.

Unsolicited Responses are sent by the codec independently of software requests. Jack Detection or GPI
status information can be actively delivered to the controller and interpreted by software. The ‘Tag’ in
Bit[31:28] is used to identify unsolicited events. This tag is undefined in the HDA specifications.

Table 14. Solicited Response Format
Bit [35] Bit [34] Bit [33:32] Bit [31:0]
Valid Unsol=0 Reserved Response

Table 15. Unsolicited Response Format
Bit [35] Bit [34] Bit [33:32] Bit [31:28] Bit [27:0]
Valid Unsol=1 Reserved Tag Response

7.4.3. Double Function Reset

This new reset is created by sending two Function Group resets back to back. This Function Group
‘Double’ reset shall do a full initialization and reset all settings to their power on defaults. A Double reset
is defined as two Function Group Reset verbs received without any other intervening valid verbs. The
reset verbs are not required to be received in sequential frames, but there must not be any other verbs
received in frames between the receipt of the Function Group Reset verbs. It is allowed that there are
several null commands received in frames between Function Group Reset verbs.

4-Channel High Definition Audio Codec 26 Rev. 0.3
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7.5. Power Management

The ALC233-VB is designed to meet Intel’s low-power-state white paper and is ECR HDA-015B
compliant. It meets the five attributes discussed in the white paper:

1. D3 state power < 30mW (without PC-Beep pass-through Function, with PC-Beep pass-through
Function, the criteria is 60mW.

2. Exit latency (D3 to DO transfer) < 10ms.

3. Audio pop/click suppression during D3 and DO transition < -65dBV.
4. Supports Jack detection in D3 state.

5. D3 functions with or without the BITCLK.

The ALC233-VB minimizes D3 state idle mode power consumption and increases overall battery life in
mobile systems.

In D3 mode, only a power on reset or a ‘double function reset’ resets all ALC233-VB settings, cutting
software configuration time spent entering/leaving D3 state, and reducing latency time for D3 to DO
transitions.

The ALC233-VB supports Wake-Up events in D3 mode, including jack detection and GPIO status
changes. If the HDA-Link was alive (with BCLK), the ALC233-VB Wake-Up response is as normal. If
no BITCLK is present, the ALC233-VB drives the SDI high in order to wake up the system.

Last Frame of

Operation - | Link in Reset State and CODEC Wake Enabled | —-—: CODEC Connect

, 100us Minimum
L o— !
i {2400 BCLKs) "“E __FRAME1SYNC N

0 vy JIRMIEIALL r/

SYNC
SDO Low
s /}" |
R8T &
Jfl:.
CODEC asynchronously signals a wake even viaa l"
power state change request. CODEC signals power CODEC synchronausly signals request for
state change request by asserting SDI anytime during initialization within the first 25 Frame
the assertion of RST2 and holding SDI high until the de- Syncs once the CODEC PLL locks
asserted of RST#. The CODEC de-asserts SDI with the ¥ '
fde-azaerfion of RETE
Figure 16. Resume From External Event (Wake-Up Event)
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All power management state changes in widgets are driven by software. Table 16 shows the System

Power State Definitions.

In the ALC233-VB, all the widgets, including output/input converters, support power control. Software
may have various power states depending on system configuration. Table 17 indicates those nodes that
support power management. To simplify power control, software can configure whole codec power states
through the audio function (NID=01h). Output converters (DACs) and input converters (ADCs) have no
individual power control to supply fine-grained power control.

Table 16. System Power State Definitions

Power States Definitions

DO All power on. Individual DACs and ADCs can be powered up or down as required.

D1 All amplifiers and converters (DACs and ADCs) are powered down. State maintained, analog
reference stays up.

D2 All amplifiers and converters (DACs and ADCs) are powered down. State maintained, but analog
reference is off (D1 + analog reference off).

D3 Power still supplied. The codec stops the internal clock. State is maintained.

D3 (No BitCLK) | Power still supplied, BITCLK stopped, and Reset in low state.
D3Cold The codec will no longer respond to further commands and power can be removed from the codec.

Table 17. Power Controls in NID 01h

Description DO D1 D2 D3 D3 (No bclk) | Link Reset
Audio LINK Response Normal Normal Normal PD PD PD
Function DACs Normal PD PD PD PD PD
(NID=01h) [ApcCs Normal PD PD PD PD PD
All Headphone Drivers Normal Normal PD PD PD Normal
All Mixers Normal Normal PD PD PD Normal
All Reference Normal Normal PD PD PD Normal

Table 18. Powered Down Conditions

Condition

Description

LINK Response powered down

Internal clock is stopped. SDATA-IN and SPDIF-OUT are floated with pulled
low 47K resistors internally. SPDIF-IN is also floated. Detection of ‘Link Reset
Entry’ and ‘Link Reset Exit’ sequences are supported. All states are maintained if
DVDD is supplied.

DACs powered down

Analog block and digital filter are powered down.

ADCs powered down

Analog block and digital filter are powered down. Data on SDATA-IN is quiet.

Headphone Driver powered down

All headphone drivers are powered down.

Mixers powered down

All internal mixer widgets are powered down. The DC reference and
VREFOUTX at individual pin complexes are still alive.

Reference power down

All internal references, DC reference, and VREFOUTX at individual pin
complexes are off.

4-Channel High Definition Audio Codec
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8. Supported Verbs and Parameters

This section describes the Verbs and Parameters supported by various widgets in the ALC233-VB. If a
verb is not supported by the addressed widget, it will respond with 32 bits of ‘0’.

8.1. Verb-Get Parameters (Verb ID=F00h)

The ‘Get Parameters’ verb is used to get system information and the function capabilities of the HDA
codec. All the parameters are read-only. There are a total of 15 ID parameters defined for each widget.
Some parameters are supported only in a specific widget. Refer to section 7.4.1 Command Verb Format,
page 23, to get detailed information about supported parameters.

Table 19. Verb-Get Parameters (Verb ID=F00h)

Get Parameter Command Format Codec Response Format
Bit [31:28] | Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]
CAd=X | Node ID=00h | Verb ID=F00h Parameter ID[7:0] 32-bit Response

Note: If the parameter ID is not supported, the returned response is 32 bits of ‘0.

8.1.1.  Parameter-Vendor ID (Verb ID=F00h, Parameter ID=00h)

Table 20. Parameter-Vendor ID (Verb ID=F00h, Parameter ID=00h)
Codec Response Format
Bit Description
31:16 Vendor ID=10ECh (Realtek’s PCI vendor ID).
15:0 Device ID=0235h.
Note 1: The Root Node (NID=00h) supports this parameter.

8.1.2.  Parameter-Revision ID (Verb ID=F00h, Parameter ID=02h)

Table 21. Parameter-Revision ID (Verb ID=F00h, Parameter ID=02h)
Codec Response Format
Bit Description

31:24 Reserved. Read as 0’s.

23:20 MajRev=1h. The major version number (in decimal) of the HDA Specification to which the ALC233-VB is
fully compliant.
19:16 MinRev=0h. The minor version number (in decimal) of the HDA Specification to which the ALC233-VB is
fully compliant.

15:8 Revision ID. The vendor’s revision number.
Note: 00h indicates ALC233-VB silicon.
7:0 Stepping ID. The vendor’s stepping number within the given Revision ID.

Note: The Root Node (NID=00h) supports this parameter.

4-Channel High Definition Audio Codec 29 Rev. 0.3
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8.1.3.

Parameter-Subordinate Node Count
(Verb ID=F00h, Parameter 1D=04h)

For the root node, the Subordinate Node Count provides information about audio function group nodes
associated with the root node.

For function group nodes, it provides the total number of widgets associated with this function node.

Table 22. Parameter-Subordinate Node Count (Verb ID=F00h, Parameter ID=04h)
Codec Response Format
Bit Description
31:24 Reserved. Read as 0’s.
23:16 Starting Node Number. The starting node number in the sequential widgets
15:8 Reserved. Read as 0’s.
7:0 Total Number of Nodes. For a root node, this is the total number of function groups in the root node.
For a function group, this is the total number of widget nodes in the function group.
8.1.4.  Parameter-Function Group Type

(Verb ID=F00h, Parameter 1D=05h)

Table 23. Parameter-Function Group Type (Verb ID=F00h, Parameter ID=05h)

Codec Response Format

Bit Description
31:9 Reserved. Read as 0’s.
8 UnSol Capable.

0: Unsolicited response is not supported by this function group.
1: Unsolicited response is supported by this function group.

7:0 Function Group Type.
00h: Reserved 01h: Audio Function 02h: Modem Function
03h~7Fh: Reserved 80h~FFh: Vendor Defined Function

8.1.5.  Parameter-Audio Function Capabilities

(Verb ID=F00h, Parameter 1D=08h)

Table 24. Parameter-Audio Function Capabilities (Verb ID=F00h, Parameter ID=08h)

Codec Response Format

Bit Description
31:17 Reserved. Read as 0’s.

16 Beep Generator.

A ‘1’ indicates the presence of an integrated Beep generator within the Audio Function Group.

15:12 Reserved. Read as 0’s.

11:8 Input Delay. Number of samples delay from analog input to HDA link.

74 Reserved. Read as 0’s.

3.0 Output Delay. Number of samples delay from HDA link to analog output.

4-Channel High Definition Audio Codec
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8.1.6.  Parameter-Audio Widget Capabilities
(Verb ID=F00h, Parameter 1D=09h)

Table 25. Parameter-Audio Widget Capabilities (Verb ID=F00h, Parameter ID=09h)
Codec Response Format
Bit Description
31:24 Reserved. Read as 0’s.
23:20 Widget Type.

Oh: Audio Output 1h: Audio Input 2h: Mixer3h: Selector
4h: Pin Complex 5h: Power Widget 6h: Volume Knob Widget
7h~Eh: Reserved Fh: Vendor defined audio widget

19:16 Delay. Samples delayed between the HDA link and widgets.
15:12 Reserved. Read as 0’s.
11: L-R Swap.
0: Left channel and right channel swapping is not supported
1: Left channel and right channel swapping is supported
10 Power Control.
0: Power control is not supported on this widget
1: Power control is supported on this widget
9 Digital.
0: An analog input or output converter
1: A widget translating digital data between the HDA link and digital 1/0 (SPDIF, 12S, etc.)
8 ConnList. Connection List.
0: Connected to HDA link. No Connection List Entry will be queried
1: Connection List Entry must be queried
7 UnsolCap. Unsolicited Capable.
0: Unsolicited response is not supported
1: Unsolicited response is supported
6 ProcWidget. Processing Widget.
0: No processing control
1: Processing control is supported
5 Reserved. Read as 0.
4 Format Override.

Note: The ALC233-VB supports 16/20/24-bit with 44.1kHz, 48kHz, 96kHz, and 192kHz sample rate. The
format (parameter ID=0Ah) must be queried

3 AmpParOvr (AMP Param Override).

Override amplifier parameters (Gain Control) in individual output Pin Complexes, ADCs, and Mixer
widgets.

OutAmpPre (Out AMP Present).

1 InAmpPre (In AMP Present).

There are amplifiers (Gain Control) in individual ADCs and Mixer widgets.

0 Stereo.

0: Mono Widget

1: Stereo Widget

4-Channel High Definition Audio Codec 31 Rev. 0.3
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8.1.7.

Parameter-Supported PCM Size, Rates
(Verb ID=F00h, Parameter ID=0Ah)

Parameters in audio functions provide default information about formats. Individual converters have their
own parameters to provide supported formats if their ‘Format Override’ bit is set.

Table 26. Parameter-Supported PCM Size, Rates (Verb ID=F00h, Parameter ID=0Ah)

Codec Response Format

Bit Description
31:21 Reserved. Read as 0’s.
20 B32. 32-bit audio format support.
0: Not supported 1: Supported
19 B24. 24-bit audio format support.
0: Not supported 1: Supported (The ALC233-VB DAC and ADC supports this format)
18 B20. 20-hit audio format support.
0: Not supported 1: Supported (The ALC233-VB DAC and ADC supports this format)
17 B16. 16-bit audio format support.
0: Not supported 1: Supported (The ALC233-VB DAC and ADC supports this format)
16 B8. 8-bit audio format support.
0: Not supported 1: Supported
15:12 Reserved. Read as 0’s.
11 R12. 384kHz (=8*48kHz) rate support.
0: Not supported 1: Supported
10 R11. 192kHz (=4*48kHz) rate support.
0: Not supported 1: Supported (The ALC233-VB DAC and ADC support this sample rate)
9 R10. 176.4Hz (=4*44.1kHz) rate support.
0: Not supported 1: Supported
8 R9. 96kHz (=2*48kHz) rate support.
0: Not supported 1: Supported (The ALC233-VB DAC and ADC support this sample rate)
7 R8. 88.2kHz (=2*44.1kHz) rate support.
0: Not supported 1: Supported
6 R7. 48kHz rate support.
0: Not supported 1: Supported (The ALC233-VB DAC and ADC support this sample rate)
5 R6. 44.1kHz rate support.
0: Not supported 1: Supported (ALC233-VB DAC and ADC support this sample rate)
4 R5. 32kHz (=2/3*48kHz) rate support.
0: Not supported 1: Supported
3 R4. 22.05kHz (=1/2*44.1kHz) rate support.
0: Not supported 1: Supported
2 R3. 16kHz (=1/3*48kHz) rate support.
0: Not supported 1: Supported
1 R2. 11.025kHz (=1/4*44.1kHz) rate support.
0: Not supported 1: Supported
4-Channel High Definition Audio Codec 32 Rev. 0.3
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Codec Response Format
Bit Description
0 R1. 8kHz (=1/6*48kHz) rate support.
0: Not supported 1: Supported

8.1.8. Parameter-Supported Stream Formats
(Verb ID=F00h, Parameter ID=0Bh)

Parameters in this node only provide default information for audio function groups. Individual converters
have their own parameters to provide supported formats if the ‘Format Override’ bit is set.

Table 27. Parameter-Supported Stream Formats (Verb ID=F00h, Parameter ID=0Bh)

Codec Response Format

Bit Description

31:3 Reserved. Read as 0’s.

2 AC3.

0: Not supported
1: Supported
1 Float32.
0: Not supported
1: Supported
0 PCM.
0: Not supported
1: Supported (The ALC233-VB DAC and ADC support this format)
Note: Input converters and output converters support this parameter.

8.1.9.  Parameter-Pin Capabilities
(Verb ID=F00h, Parameter ID=0Ch)

The Pin Capabilities parameter returns a bit field describing the capabilities of the Pin Complex widget.

Table 28. Parameter-Pin Capabilities (Verb ID=F00h, Parameter ID=0Ch)
Codec Response Format

Bit Description
31:16 Reserved. Read as 0’s.
15:8 VREF Control Capability. ‘1’ in corresponding bit field indicates signal levels of associated Vrefout are
specified as a percentage of AVDD.
7:6 5 4 3 2 1 0
Reserved 100% 80% Reserved Ground 50% Hi-Z
7 Reserved.
6 Balanced 1/0 Pin. ‘1’ indicates this pin complex has balanced pins.
5 Input Capable. ‘1’ indicates this pin complex supports input.
4 Output Capable. ‘1’ indicates this pin complex supports output.
4-Channel High Definition Audio Codec 33 Rev. 0.3
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Codec Response Format

Bit Description
Headphone Drive Capable. ‘1’ indicates this pin complex has an amplifier to drive a headphone.
Presence Detect Capable. ‘1’ indicates this pin complex can detect whether there is a device plugged in.

Trigger Required. ‘1’ indicates whether a software trigger is required for an impedance measurement.
Impedance Sense Capable.

‘1” indicates this pin complex can perform analog sense on the attached device to determine its type.
Note: Only Pin Complex widgets support this parameter.

OR[N W

8.1.10. Parameter-Amplifier Capabilities
(Verb ID=F00h, Input Amplifier Parameter ID=0Dh)

Parameters in this node provide audio function group default information. Individual converters have
their own parameters to provide amplifier capabilities if the ‘AMP Param Override’ bit is set.

Table 29. Parameter-Amplifier Capabilities (Verb ID=F00h, Input Amplifier Parameter ID=0Dh)
Codec Response Format
Bit Description
31 (Input) Mute Capable.
30:23 Reserved. Read as 0.
22:16 Step Size.
Indicates the size of each step in the gain range.
15 Reserved. Read as 0.
14:8 Number of Steps.
Indicates the number of steps in the gain range. ‘0’ means the gain is fixed.
7 Reserved. Read as 0.
6:0 Offset.
Indicates which step is 0dB.

8.1.11. Parameter-Amplifier Capabilities
(Verb ID=F00h, Output Amplifier Parameter ID=12h)

Parameters in this node provide audio function group default information. Individual converters have
their own parameters to provide amplifier capabilities if the ‘AMP Param Override’ bit is set.

Table 30. Parameter-Amplifier Capabilities (Verb ID=F00h, Output Amplifier Parameter ID=12h)
Codec Response Format
Bit Description
31 (Output) Mute Capable.
30:23 Reserved. Read as 0.
22:16 Step Size.

Indicates the size of each step in the gain range. Each individual step may be 0~32dB, specified in 0.25dB
steps. ‘0’ indicates 0.25dB steps. ‘127’ indicates 32dB steps.

15 Reserved. Read as 0.

4-Channel High Definition Audio Codec 34 Rev. 0.3
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Codec Response Format

Bit Description

14:8 Number of Steps.
Indicates the number of steps in the gain range. ‘0’ means the gain is fixed.
7 Reserved. Read as 0.

6:0 Offset. Indicates which step is 0dB.

8.1.12. Parameter-Connect List Length

(Verb ID=F00h, Parameter ID=0Eh)

Parameters in this node provide audio function widget connection information.

Table 31.
Codec Response Format

Parameter-Connect List Length (Verb ID=F00h, Parameter ID=0Eh)

Bit Description

31:8 Reserved. Read as 0.
7 Short Form.
0: Short Form
1: Long Form

6:0 Connect List Length.

input, and there is no Connection Select Control (hot a MUX widget).

Indicates the number of inputs connected to a widget. If the Connect List Length is 1, there is only one

8.1.13. Parameter-Supported Power States

(Verb ID=F00h, Parameter 1D=0Fh)

Table 32. Parameter-Supported Power States (Verb ID=F00h, Parameter ID=0Fh)

Codec Response Format

Bit Description
31 Extended Power States Supported (EPSS).
1: Extended power state EPSS is supported
30 CLKSTOP.
1: D3 mode operates even when no BITCLK presents on the link
29:5 Reserved. Read as 0’s.
4 D3ColdSup.
1: Power state D3Cold is supported
3 D3Sup.
1: Power state D3 is supported
2 D2Sup
1: Power state D2 is supported
1 D1Sup
1: Power state D1 is supported
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Codec Response Format

0 DOSup
1: Power state DO is supported
8.1.14. Parameter-Processing Capabilities

(Verb ID=F00h, Parameter 1D=10h)

Table 33. Parameter-Processing Capabilities (Verb ID=F00h, Parameter ID=10h)

Codec Response Format

Bit Description
31:16 Reserved. Read as 0’s.
15:8 NumCoeff. Number of Coefficient.
7:1 Reserved. Read as 0’s.
0 Benign.
0: Processing unit is not linear and time invariant
1: Processing unit is linear and time invariant
8.1.15. Parameter-GPIO Capabilities

(Verb ID=F00h, Parameter 1D=11h)

Table 34. Parameter-GPIO Capabilities (Verb ID=F00h, Parameter ID=11h)

Codec Response Format

Bit Description
31 GPIWake=0. The ALC233-VB does not support GPIO wake-up function.
30 GPIUnsol=1. The ALC233-VB supports GP10 unsolicited response.
29:24 Reserved. Read as 0’s.
23:16 NumGPIs=00h. No GPI pin is supported.
15:8 NumGPOs=00h. No GPO pin is supported.
7:0 NumGP10s=03h. Three GPIO pins are supported.
8.1.16. Parameter-Volume Knob Capabilities

(Verb ID=F00h, Parameter 1D=13h)

Table 35. Parameter-Volume Knob Capabilities (Verb ID=F00h, Parameter ID=13h)

Codec Response Format Volume Control Knob

Bit Description
31:8 Reserved. Read as 0’s.
7 Delta.

0: Software cannot modify the Volume Control Knob volume
1: Software can write a base volume to the Volume Control Knob

6:0 NumSteps.
The number of steps in the range of the Volume Control Knob.
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Codec Response Format Volume Control Knob

Note: The ALC233-VB does not support volume knob and will respond with 0s to this parameter.

8.2. Verb-Get Connection Select Control (Verb ID=F01h)

Get Command Format

Table 36. Verb-Get Connection Select Control (Verb ID=F01h)
Codec Response Format

Bit [31:28]

Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]

CAd=X

Node ID=Xh | Verb ID=F01h 0’s Bit[7:0] are Connection Index

Codec Response for NID = 1Bh (LINE2)

Bit Description
31:8 0’s.
7:0 Connection Index Currently Set (Default value is 00h).

00h: Sum Widget NID=0Ch
Other: Reserved

01h: Sum Widget NID=0Dh

Codec Response for NID = 21h (HP-OUT)

Bit Description
31:8 0’s.
7:0 Connection Index Currently Set (Default value is 00h).

00h: Sum Widget NID=0Ch
Other: Reserved

01h: Sum Widget NID=0Dh

Bit

Codec Response for other NID

Description

31:0

Not Supported (returns 00000000h).

8.3. Verb-Set Connection Select (Verb ID=701h)

Set Command Format

Table 37. Verb-Set Connection Select (Verb ID=701h)
Codec Response Format

Bit [31:28]

Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]

CAd=X

Verb ID=701h 0’s for all nodes

Node ID=Xh Select Index [7:0]
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8.4. Verb-Get Connection List Entry (Verb ID=F02h)

Table 38. Verb-Get Connection List Entry (Verb ID=F02h)

Get Command Format Codec Response Format
Bit [31:28] | Bit[27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]
CAd=X Node ID=Xh | Verb ID=F02h Offset Index - N[7:0] 32-bit Response

Codec Response for NID=08h (ADC)
Bit Description
31:8 Connection List Entry (N+3), (N+2), and (N+1).
Returns 000000h.

7:0 Connection List Entry (N).
Returns 23h (Sum Widget) for N=0~3.
Returns 00h for N>3.

Codec Response for NID=09h (ADC)

Bit Description

31:8 Connection List Entry (N+3), (N+2), and (N+1).
Returns 000000h.

7:0 Connection List Entry (N).
Returns 22h (Sum Widget) for N=0~3.
Returns 00h for N>3.

Codec Response for NID=0Bh (Mixer)
Bit Description

31:24 Connection List Entry (N+3).
Return 1Bh (Pin Complex- LINEZ2) for N=0~3.
Return 00h for N>3.

23:16 Connection List Entry (N+2).
Return 1Ah (LINE1) for N=0~3.
Return 00h for N>3.

15:8 Connection List Entry (N+1).
Return 19h (MIC2) for N=0~3.
Return 00h for N>3.

7:0 Connection List Entry (N).

Return 18h (-RESERVED) for N=0~3.
Return 1Dh (PCBEEP) for N=4~7.
Return 00h for N>7.

4-Channel High Definition Audio Codec 38 Rev. 0.3
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Codec Response for NID=0Ch (LOUT1 Sum)
Bit Description
31:24 Connection List Entry (N).
Returns 00h.
23:16 Connection List Entry (N+2).
Returns 00h.
15:8 Connection List Entry (N+1).
Returns 0Bh (Mixer) for N=0~3.
Returns 00h for N>3.
7:0 Connection List Entry (N).
Returns 02h (LOUT1 DAC) for N=0~3.
Returns 00h for N>3.
Codec Response for NID=0Dh (LOUT2 Sum)
Bit Description
31:24 Connection List Entry (N).
Returns 00h.
23:16 Connection List Entry (N+2).
Returns 00h.
15:8 Connection List Entry (N+1).
Returns 0Bh (Mixer) for N=0~3.
Returns 00h for N>3.
7:0 Connection List Entry (N).
Returns 03h (LOUT2 DAC) for N=0~3.
Returns 00h for N>3.
Codec Response for NID=0Fh (MONO Sum)
Bit Description
31:24 Connection List Entry (N).
Returns 00h.
23:16 Connection List Entry (N+2).
Returns 00h.
15:8 Connection List Entry (N+1).
Returns 00h
7:0 Connection List Entry (N).
Returns ODh (LOUT2 DAC) for N=0~3.
Returns 00h for N>3.
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Codec Response for NID=14h (SPK-OUT)
Bit Description
31:24 Connection List Entry (N+3).
Return 00h.
23:16 Connection List Entry (N+2).
Return 00h.
15:8 Connection List Entry (N+1).
Return ODh (LOUT2 Sum) for N=0~3.
Return 00h for N>3.
7:0 Connection List Entry (N).
Return 0Ch (LOUT1 Sum) for N=0~3.
Return 00h for N>3.
Codec Response for NID=17h (MONO)
Bit Description
31:8 Connection List Entry (N+3), (N+2), (N+1).
Returns 000000h for n>3.
7:0 Connection List Entry (N).
Returns OFh (MONO sum) for N=0~3.
Returns 00h for N>3.
Codec Response for NID=1Bh (LINE2)
Bit Description
31:24 Connection List Entry (N+3).
Return 00h.
23:16 Connection List Entry (N+2).
Return 00h for N>3.
15:8 Connection List Entry (N+1).
Return ODh (Mixer) for N=0~3.
Return 00h for N>3.
7:0 Connection List Entry (N).
Return OCh (Mixer) for N=0~3.
Return 00h for N>3.
Codec Response for NID=21h (HP-OUT)
Bit Description
31:24 Connection List Entry (N+3).
Return 00h.
23:16 Connection List Entry (N+2).
Return 00h for N>3.
15:8 Connection List Entry (N+1).
Return ODh (LOUT2 Sum) for N=0~3.
Return 00h for N>3.
7:0 Connection List Entry (N).
Return OCh (LOUT1 Sum) for N=0~3.
Return 00h for N>3.
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Codec Response for NID=1Eh (SPDIF-OUT)

Bit

Description

31:8

Connection List Entry (N+3), (N+2), and (N+1).
Returns 000000h.

7:0

Connection List Entry (N).
Returns 06h (SPDIF-OUT Converter) for N=0~3.
Returns 00h for N>3.

Bit

Codec Response for NID=22h (Sum Widget)

Description

31:24

Connection List Entry (N+3).
Return 1Bh (LINEZ2) for N=0~3.
Return 00h for N>3.

23:16

Connection List Entry (N+2).
Return 1Ah (LINE1) for N=0~3.
Return 00h for N>3.

15:8

Connection List Entry (N+1).
Return 19h (MIC2) for N=0~3.
Return 0Bh (Mixer) for N=4~7.
Return 00h for N>7.

7:0

Connection List Entry (N).

Return 18h (RESERVED) for N=0~3.
Return 1Dh (PCBEEP) for N=4~7.
Return 00h for N>7.

Codec Response for NID=23h (Sum Widget)

Bit

Description

31:24

Connection List Entry (N+3).
Return 1Bh (LINEZ2) for N=0~3.
Return 00h for N>3.

23:16

Connection List Entry (N+2).
Return 1Ah (LINE1) for N=0~3.
Return 12h (DMIC) for N=4~7.
Return 00h for N>7.

15:8

Connection List Entry (N+1).
Return 19h (MIC2) for N=0~3.
Return 0Bh (Mixer) for N=4~7.
Return 00h for N>7.

7.0

Connection List Entry (N).

Return 18h (RESERVED) for N=0~3.
Return 1Dh (PCBEEP) for N=4~7.
Return 00h for N>7.--

Codec Response for Other NID

Bit

Description

31:0

Not Supported (returns 00000000h)
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8.5. Verb-Get Processing State (Verb ID=F03h)

Table 39. Verb-Get Processing State (Verb ID=F03h)

Get Command Format Codec Response Format
Bit [31:28] | Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]
CAd=X Node ID=Xh | Verb ID=F03h 0’s 32-bit response

Codec Response for All NID
Bit Description
31:0 Not Supported (returns 00000000h).

8.6. Verb-Set Processing State (Verb ID=703h)

Table 40. Verb-Set Processing State (Verb ID=703h)

Set Command Format Codec Response Format
Bit [31:28] | Bit[27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]
CAd=X Node ID=Xh | Verb ID=703h Processing State [7:0] 0’s for all nodes

Codec Response for all NID
Bit Description
31:0 0’s.

8.7. Verb-Get Coefficient Index (Verb ID=Dh)

Table 41. Verb-Get Coefficient Index (Verb ID=Dh)

Get Command Format Codec Response Format
Bit [31:28] | Bit [27:20] Bit [19:16] Payload Bit [15:0] Response [31:0]
CAd=X Node ID=20h | Verb ID=Dh 0’s Bit [15:0] are Coefficient Index

Codec Response for NID=20h (Realtek Defined Registers)
Bit Description
31:16 Reserved. Read as 0’s.
15:0 Coefficient Index.

Codec Response for Other NID
Bit Description
31:0 Not Supported (returns 00000000h).
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8.8. Verb-Set Coefficient Index (Verb ID=5h)

Set Command Format

Table 42. Verb-Set Coefficient Index (Verb ID=5h)

Bit [31:28]

Bit [27:20]

Bit [19:16]

Payload Bit [15:0]

Codec Response Format

CAd=X

Node ID=20h

Verb ID=5h

Coefficient Index [15:0]

Response [31:0]

Codec Response for All NID

0’s for all nodes

Bit

Description

31:0

0’s.

8.9. Verb-Get Processing Coefticient (Verb ID=Ch)

Table 43. Verb-Get Processing Coefficient (Verb ID=Ch)

Get Command Format

Bit [31:28]

Bit [27:20]

Bit [19:16]

Payload Bit [15:0]

Codec Response Format

CAd=X

Node ID=20h

Verb ID=Ch

0’s

Response [31:0]

Codec Response for NID=20h (Realtek Defined Registers)

Processing Coefficient [15:0]

Bit Description
31:16 Reserved. Read as 0’s.
15:0 Processing Coefficient.

Codec Response for Other NID

Bit

Description

31:0

Not Supported (returns 00000000h).

8.10. Verb-Set Processing Coefficient (Verb ID=4h)

Table 44. Verb-Set Processing Coefficient (Verb ID=4h)

Set Command Format

Bit [31:28]

Bit [27:20]

Bit [19:16]

Payload Bit [15:0]

Codec Response Format

CAd=X

Node ID=20h

Verb ID=4h

Coefficient [15:0]

Response [31:0]

Codec Response for All NID

0’s for all nodes

Bit

Description

31:0

0’s.
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8.11. Verb-Get Amplifier Gain (Verb ID=Bh)

This verb is used to get gain/attenuation settings from each widget.

Table 45. Verb-Get Amplifier Gain (Verb ID=Bh)

Get Command Format Codec Response Format
Bit [31:28] | Bit [27:20] Bit [19:16] Payload Bit [15:0] Response [31:0]
CAd=X Node ID=Xh Verb ID=Bh ‘Get’ payload [15:0] Bit[7:0] are responsible for ‘Get’

‘Get’ Payload in Command Bit[15:0]

Bit Description
15 Get Input/Output.
0: Input amplifier gain is requested 1: Output amplifier gain is requested
14 Reserved. Read as 0.
13 Get Left/Right.
0: Right amplifier gain is requested 1: Left amplifier gain is requested
12:4 Reserved. Read as 0’s.
3.0 Index[3:0] for Input Source.
Select amplifier for this converter. If a widget has no multiple input sources, the index will be ignored.

Codec Response for NID=02h (LOUT1 DAC) and 03h (LOUT2 DAC)

Bit Description
31:8 0’s.
7 Payload[15] is 0 in ‘Get Amplifier Gain’: Read as 0 (No Input Amplifier Mute).
Payload[15] is 1 in ‘Get Amplifier Gain’: Read as 0 (No Output Amplifier Mute).
6:0 Payload[15] is 0 in ‘Get Amplifier Gain’: Read as 0’s (No Input Amplifier Gain).
Payload[15] is 1 in ‘Get Amplifier Gain’: 6-bit control specifying the volume from-65.25dB~0dB in
0.75dB step.

Codec Response for NID=08h and 09h (ADCs)

Bit Description
31:8 0’s.
7 Payload[15] is 0 in ‘Get Amplifier Gain’: Input Amplifier Mute. 0: Unmute, 1: Mute (Default)
Payload[15] is | in ‘Get Amplifier Gain’: Read as 0 (No Output Amplifier Gain).
6:0 Payload[15] is 0 in ‘Get Amplifier Gain’: Input Amplifier Gain [6:0].
Specifying the volume from-17.25dB~ 30dB in 0.75dB step.
Payload[15] is 1 in ‘Get Amplifier Gain’: Read as 0 (No Output Amplifier Gain).
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Codec Response for NID=0Ch, 0Dh and OFh (Mixer)

Bit Description
31:8 0’s.
7 Payload[15] is 0 in ‘Get Amplifier Gain’: 1: Mute, 0:Unmute (Input Amplifier Mute).
Payload[15] is 1 in ‘Get Amplifier Gain’: Read as 0 (No Output Amplifier Mute).
6:0 Payload[15] is 0 in ‘Get Amplifier Gain’: Read as 0’s (No Input Amplifier Gain).
Payload[15] is 1 in ‘Get Amplifier Gain’: Read as 0’s (No Output Amplifier Gain).

Codec Response for NID=12h, 19h, 1Ah and 1Bh (DMIC, MIC2, LINE1 and LINE2)

Bit Description
31:8 0’s.
7 Payload[15] is 0 in ‘Get Amplifier Gain’: Read as 0’s (No Input Amplifier Mute).
Payload[15] is 1 in ‘Get Amplifier Gain’: 1: Mute, 0:Unmute (Output Amplifier Mute, default=1).
6:0 Payload[15] is 0 in ‘Get Amplifier Gain’: Input Amplifier Gain [6:0].
The volume 0dB/10dB/20dB/30dB in 10dB per step (default=0, 0dB).
Payload[15] is 1 in ‘Get Amplifier Gain’: Read as 0 (No Output Amplifier Gain).

Codec Response for NID=14h, 17h and 21h (SPK-OUT, MONO-OUT and HP-OUT)

Bit Description
31:8 0’s.
7 Payload[15] is 0 in ‘Get Amplifier Gain’: Read as 0’s (No Input Amplifier Mute).
Payload[15] is 1 in ‘Get Amplifier Gain’: 1: Mute, 0:Unmute (Output Amplifier Mute, default=1).
6:0 Payload[15] is 0 in ‘Get Amplifier Gain’: Read as 0’s (No Input Amplifier Gain).
Payload[15] is 1 in ‘Get Amplifier Gain’: Read as 0 (No Output Amplifier Gain).

Codec Response for NID=0Bh (Mixer)

Bit Description
31:8 0’s.
7 Payload[15] is 0 in ‘Get Amplifier Gain’: Input Amplifier Mute. 0: Unmute, 1: Mute (Default for all)
Payload[15] is | in ‘Get Amplifier Gain’: Read as 0 (No Output Amplifier Mute).
6:0 Payload[15] is 0 in ‘Get Amplifier Gain’: Input Amplifier Gain [6:0].
Specifying the volume from -34.5dB~+12dB in 1.5dB step (Default: 17h, 0dB).
Payload[15] is | in ‘Get Amplifier Gain’: Read as 0 (No Output Amplifier Gain).

Codec Response for NID=22h and 23h (Mixer)

Bit Description
31:8 0’s.
7 Payload[15] is 0 in ‘Get Amplifier Gain’: Input Amplifier Mute. 0: Unmute, 1: Mute (Default for all)
Payload[15] is 1 in ‘Get Amplifier Gain’: Read as 0 (No Output Amplifier Mute).
6:0 Payload[15] is 0 in ‘Get Amplifier Gain’: Read as 0 (No Input Amplifier Gain).
Payload[15] is 1 in ‘Get Amplifier Gain’: Read as 0 (No Output Amplifier Gain).
4-Channel High Definition Audio Codec 45 Rev. 0.3
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Codec Response to Other NID
Bit Description
31:0 Not Supported (returns 00000000h).

8.12. Verb-Set Amplifier Gain (Verb ID=3h)
This verb is used to set amplifier gain/attenuation in each widget.

Table 46. Verb-Set Amplifier Gain (Verb ID=3h)

Set Command Format Codec Response Format
Bit [31:28] | Bit [27:20] Bit [19:16] Payload Bit [15:0] Response [31:0]
CAd=X Node ID=Xh Verb ID=3h ‘Set’ payload [15:0] 0’s for all nodes

‘Set’ Payload in Command Bit[15:0]

Bit Description

15 Set Output Amp.
1: Indicates output amplifier gain will be set
14 Set Input Amp.
1: Indicates input amplifier gain will be set
13 Set Left Amp.
1: Indicates left amplifier gain will be set
12 Set Right Amp.
1: Indicates right amplifier gain will be set
11:8 Index Offset (for input amplifiers on Sum widgets and Selector Widgets).

5-bit index offset in connection list is used to select the input gain that will be set on a Sum or a Selector
widget. The index is ignored if the node is not a Sum or a Selector widget, or the ‘Set Input Amp’ bit is not
set.

7 Mute.

0: Unmute

1: Mute (-oogain)

6:0 Gain[6:0].

A 7-bit step value specifying the amplifier gain

4-Channel High Definition Audio Codec 46 Rev. 0.3
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8.13. Verb-Get Converter Format (Verb ID=Ah)

Table 47. Verb-Get Converter Format (Verb ID=Ah)

Get Command Format Codec Response Format
Bit [31:28] | Bit [27:20] Bit [19:16] Payload Bit [15:0] Response [31:0]
CAd=X Node ID=Xh Verb ID=Ah 0’s Bit[15:0] are converter format

Codec Response for NID=02h, 03h and 06h (Output Converters: LOUT1 DAC, LOUT2 DAC, SPDIF-OUT).
Codec Response for NID=08h and 09h (Input Converters: ADCs)

Bit Description
31:16 Reserved. Read as 0.
15 Stream Type (TYPE).
0: PCM 1: Non-PCM
14 Sample Base Rate (BASE).
0: 48kHz 1: 44.1kHz
13:11 Sample Base Rate Multiple (MULT).
000b: *1 001b: *2 010b: *3 011b: *4 100b~111b: Reserved
10:8 Sample Base Rate Divisor (DIV).
000b: /1 001b: /2 010b: /3 011b: /4 100b: /5
101b: /6 110b: /7 111b: /8
Not supported. Always read as 000b.
7 Reserved. Read as 0.
6:4 Bits per Sample (BITS).
000b: 8 bits 001b: 16 bits 010b: 20 hits 011b: 24 bits 100b: 32 bits
101b~111b: Reserved
3.0 Number of Channels.
0: 1 channel 1: 2 channels 2:3channels ... 15: 16 channels

Table 48. Get Converter Format Support

BASE MULT DIV BITS Sample rate
NID=02h (LOUT1 DAC) 0 000b, 001h, 011b 000b 001,010b, 011b 48K, 96K, 192K
1 000b 000b 001,010b, 011b 441K
NID=03h (LOUT2 DAC) 0 000b, 001b, 011b 000b 001,010b, 011b 48K, 96K, 192K
1 000b 000b 001,010b, 011b 44.1K
NID=06h (SPDIF-OUT) 0 000b, 001h, 011b 000b 001,010b, 011b 48K, 96K, 192K
1 000b, 001b 000b 001,010b, 011b 44.1K, 88.2K
NID=08h (LINE ADC) 0 000b, 001b, 011b 000b 001,010b, 011b 48K, 96K, 192K
1 000b 000b 001,010b, 011b 441K
NID=09h (MIX ADC) 0 000b, 001h, 011b 000b 001,010b, 011b 48K, 96K, 192K
1 000b 000b 001,010b, 011b 44.1K
Codec Response for other NID
Bit Description
31:0 Not Supported (returns 00000000h).
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8.14. Verb-Set Converter Format (Verb ID=2h)

Table 49. Verb-Set Converter Format (Verb ID=2h)

Set Command Format

Codec Response Format

Bit [31:28] | Bit[27:20] Bit [19:16] Payload Bit [15:0] Response [31:0]
CAd=X Node ID=Xh Verb ID=2h Set format [15:0] 0’s for all nodes
‘Set’ Payload in Command Bit[15:0]
Bit Description
31:16 Reserved. Read as 0.
15 Stream Type (TYPE).
0: PCM
1: Non-PCM
14 Sample Base Rate (BASE).
0: 48kHz
1: 44.1kHz
13:11 Sample Base Rate Multiple (MULT).
000b: *1 001b: *2 010b: *3
011b: *4 100b~111b: Reserved
10:8 Sample Base Rate Divisor (DIV).
000b: /1 001b: /2 010b: /3
011b: /4 100b: /5 101b: /6
110b: /7 111b: /8
7 Reserved. Read as 0.
6:4 Bits per Sample (BITS).
000b: 8 bits 001b: 16 bits 010b: 20 bits
011b: 24 bits 100b: 32 bits 101b~111b: Reserved
3:0 Number of Channels.
0: 1 channel 1: 2 channels 2:3channels ..., 15: 16 channels

8.15. Verb-Get Power State (Verb ID=F05h)

The ALC233-VB is designed to meet Intel’s low-power-state white paper and is ECR HDA-015B

compliant (see section 7.5 Power Management , page 27).

Table 50. Verb-Get Power State (Verb ID=F05h)
Get Command Format

Codec Response Format

Bit [31:28] | Bit [27:20] Bit [19:8] Payload Bit [7:0]

Response [31:0]

CAd=X Node ID=Xh | Verb ID=FO05h 0’s

Power State [7:0]
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Codec Response for NID=01h (Audio Function Group)
Codec Response for NID=02h, 03h, 08h and 09h (DAC and ADC)
Codec Response for NID=12h, 14h, 17h, 18h, 19h, 1Ah, 1Bh, 1Dh, 1Eh and 21h (Pin Widgets)
Codec Response for NID=06h (Digital Converter)

Bit Description

31:11 Reserved. Read as 0s.

10 PS-Settings Reset
0: Settings of widgets has been reset during any low power state.
1: Settings changed from the defaults have been reset to their default during any low power state.
Read as 1 after single-function-reset in D0/D1/D2/D3/D3Cold.
Read as 1 after link-reset in D0/D1/D2/D3/D3Cold.
Read as 1 after double-function-reset in DO/D1/D2/D3/D3Cold.
The PS-Settings Reset bit will be cleared to zero after Get-Power-State-verb’s response.
9 PS-ClkStopOk
0: No capability to operate normally with BITCLK stop
1: Operate normally with no BICLK
Read as 1 when PS-Set, Set Power State [1:0]=011b/111b.
Read as 0 when PS-Set, Set Power State [1:0]=000b/001b/010b.

8 PS-Error
Not supported in ALC233-VB
7 Reserved, read as 0s.
6:4 PS-Act. Actual Power State [3:0].
000: Power state is DO 001: Power state is D1 010: Power state is D2~ 011: Power state is D3

100: Power state is D3Cold

PS-Act indicates the actual power state of the referenced node. For Audio Function Group nodes
(NID=01h), PS-Act is always equal to PS-Set.

DO: Fully on

D1: The lowest possible power consuming state that can return to fully on state (D0) within 10msec, except
when analog pass through is fully on (Mixer on)

D2: The lowest possible power consuming state that can return to fully on state (D0) within 10msec.
D3: The lowest possible power consuming state under software control.
D3Cold: The codec will no longer respond to further commands and power can be removed from the codec.

3 Reserved, read as 0s.
2:0 PS-Set, Set Power State [2:0].
000: Power state is DO 001: Power state is D1 010: Power state is D2 011: Power state is D3

100: Power state is D3Cold

PS-Set controls the current power setting of the referenced node.
Note 1: Specific blocks will be powered down in each power state.

Note 2:D3Cold only supported for function group.

Codec Response for other NID
Bit Description
31:0 Not Supported (returns 00000000h).
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8.16. Verb-Set Power State (Verb ID=705h)

Table 51. Verb-Set Power State (Verb ID=705h)
Set Command Format

Codec Response Format

Bit[31:28] | Bit[27:20] Bit [19:8] Payload Bit [7:0]

Response [31:0]

CAd=X Node ID=Xh | Verb ID=705h Power State [7:0]

0’s for all nodes

‘Power State’ in Command Bit[7:0]

Bit Description

7 Reserved. Read as 0.

6:4 PS-Act. Actual Power State [1:0].

000: Power state is DO 001: Power state is D1
100: Power state is D3Cold

PS-Act indicates the actual power state of the referenced node.

010: Power state is D2

011: Powver state is D3

3 Reserved. Read as 0.

2:0 PS-Set. Set Power State [1:0].
000: Power state is DO 001: Power state is D1
100: Power state is D3Cold

010: Power state is D2

011: Powver state is D3

8.17. Verb-Get Converter Stream, Channel (Verb ID=F06h)

Table 52. Verb-Get Converter Stream, Channel (Verb ID=F06h)
Get Command Format

Codec Response Format

Bit[31:28] | Bit [27:20] Bit [19:8] Payload Bit [7:0]

Response [31:0]

CAd=X Node ID=Xh | Verb ID=F06h 0’s

Stream & Channel [7:0]

Codec Response for NID=02h, 03h and 06h (Output Converters: LOUT1, LOUT2 DAC and SPDIF-OUT)
Codec Response for NID=08h and 09h (Input Converters: LINE and MIX ADC)

Bit Description

31:8 Reserved. Read as 0’s.

7:4 Stream[3:0].
The link stream used by the converter. 0000b is unused, 0001b is stream 1, etc.

3:0 Channel[3:0].

left and right channel.

The lowest channel used by the converter. A stereo converter will use the set channel n as well as n+1 for its

Codec Response for other NID
Bit Description

31:0 Not Supported (returns 00000000h).
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8.18. Verb-Set Converter Stream, Channel (Verb ID=706h)

Set Command Format

Table 53. Verb-Set Converter Stream, Channel (Verb ID=706h)
Codec Response Format

ALC233-VB
Datasheet

Bit [31:28]

Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]

CAd=X

0’s for all nodes

Node ID=Xh | Verb ID=706h | Stream & Channel [7:0]

‘Stream and Channel’ in Command Bit[7:0]

Bit Description

31:8 Reserved. Read as 0’s.

74 Set Stream[3:0]. The link stream used by the converter. 0000b is stream 0, 0001b is stream 1, etc.

1:0 Set Channel[3:0]. The lowest channel used by the converter. A stereo converter will use the set channel n as
well as n+1 for its left and right channel.

8.19. Verb-Get Pin Widget Control (Verb ID=F07h)

Get Command Format

Table 54. Verb-Get Pin Widget Control (Verb ID=F07h)
Codec Response Format

Bit [31:28]

Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]

CAd=X

Node ID=Xh | Verb ID=F07h 0’s Pin Control [7:0]

Codec Response for NID= 12h, 14h, 17h, 18h, 19h, 1Ah, 1Bh, 1Dh, 1Eh, 21h (Pin Complex)

Bit Description
31:8 Reserved. Read as 0’s.
7 H-Phn Enable.
0: Disabled 1: Enabled
6 Out Enable (Output Buffet Enable, EN_OBUF for an 1/O unit).
0: Disabled 1: Enabled
5 In Enable (Input Buffer Enable, EN_IBUF for an 1/O unit).
0: Disabled 1: Enabled
4:3 Reserved.
2:0 VrefEn (Vrefout Enable Control).

000b: Hi-Z (Disabled, default for all)

001b: 50% of AVDD (ALC233-VB supports 2.5V reference output when AVDD is 5V)
010b: Ground 0V

011b: Reserved

100b: 80% of AVDD (ALC233-VB supports 3.2V reference output when AVDD is 5V)
101b: 100% of AVDD

110b~111b: Reserved

Codec Response for other NID

Bit

Description

31:0

Not Supported (returns 00000000h).
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8.20. Verb-Set Pin Widget Control (Verb ID=707h)

Table 55. Verb-Set Pin Widget Control (Verb ID=707h)

Set Command Format

Bit [31:28]

Bit [27:20] Bit [19:8] Payload Bit [7:0]

CAd=X

Node ID=Xh | Verb ID=707h Pin Control [7:0]

Codec Response Format

Response [31:0]

0’s for all nodes

Codec Response for NID= 12h, 14h, 17h, 18h, 19h, 1Ah, 1Bh, 1Dh, 1Eh, 21h (Pin Complex)

Bit

Description

31:8

Reserved. Read as 0’s.

7

H-Phn Enable.
0: Disabled
1: Enabled

Out Enable (Output Buffet Enable, EN_OBUF for an 1/O unit).
0: Disabled
1: Enabled

In Enable (Input Buffer Enable, EN_IBUF for an 1/O unit).
0: Disabled
1: Enabled

4:3

Reserved.

2:0

VrefEn (Vrefout Enable Control).
000b: Hi-Z (Disabled, default for all)
001b: 50% of AVDD

010b: Ground 0V

011b: Reserved

100b: 80% of AVDD

101b: 100% of AVDD

110b~111b: Reserved

Note: Only NID=18h, 19h, 1Ah and 1Bh support reference output, other nodes will ignore this verb and

respond with 0.
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8.21. Verb-Get Unsolicited Response Control (Verb ID=F08h)

Determines whether a widget is enabled to send an unsolicited response. An HDA codec can use an
unsolicited response to inform software of a real-time event.

Table 56. Verb-Get Unsolicited Response Control (Verb ID=F08h)

Get Command Format Codec Response Format
Bit [31:28] | Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]
CAd=X Node ID=Xh | Verb ID= F08h 0’s 32-bit Response

Codec Response for NID=01h (GP10), 14h, 19h, 1Ah, 1Bh, 1Eh and 21h (SPK-OUT, MIC2, LINE1, LINEZ2,
SPDIF-OUT, HP-OUT)

Bit Description
31:8 Reserved. Read as 0’s.

7 Unsolicited Response is Enabled.
0: Disabled 1: Enabled

6:4 Reserved. Read as 0’s.

3.0 Assigned Tag for Unsolicited Response.
The tag[3:0] is assigned by software to determine which widget generates unsolicited responses.

Codec Response for other NID
Bit Description
31:0 Not Supported (returns 00000000h).

8.22. Verb-Set Unsolicited Response Control (Verb ID=708h)
Enable a widget to generate an unsolicited response.

Table 57. Verb-Set Unsolicited Response Control (Verb ID=708h)

Set Command Format Codec Response Format
Bit [31:28] | Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]
CAd=X Node ID=Xh | Verb ID=708h EnableUnsol [7:0] 0’s for all nodes

‘EnableUnsol’ in Command Bit [7:0]
Bit Description
31:8 Reserved. Read as 0’s.

7 Unsolicited Response.
0: Disable 1: Enable
6 Reserved. Read as 0’s.

5:0 Tag for Unsolicited Responses.
Tag[5:0] is defined by software to assign a 6-bit tag for nodes that are enabled to generate unsolicited

responses.
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8.23. Verb-Get Pin Sense (Verb ID=F09%h)

Returns the Presence Detect status and the impedance of a device attached to the pin.

Table 58. Verb-Get Pin Sense (Verb ID=F09h)
Get Command Format Codec Response Format
Bit [31:28] | Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]
CAd=X Node ID=Xh | Verb ID= F0%h 0’s 32-bit Response

Codec Response for NID=14h, 19h, 1Ah, 1Bh, 1Eh and 21h (SPK-OUT, MIC2, LINE1, LINE2, SPDIF-OUT, HP-OUT)
Bit Description
31 Presence Detect Status.

0: No device is attached to the pin

1: Device is attached to the pin

30:0 Measured Impedance.
The ALC233-VB does not support hardware impedance detect. This field is read as 0Os.

Codec Response for other NID
Bit Description
31:0 Not Supported (returns 00000000h).

8.24. Verb-Execute Pin Sense (Verb ID=709h)

Table 59. Verb-Execute Pin Sense (Verb ID=709h)
Command Format Codec Response Format
Bit [31:28] | Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]
CAd=X Node ID=Xh | Verb ID=709h Right Channel[0] 0’s for all nodes

‘Payload’ in Command Bit[7:0]
Bit Description
7:1 Reserved. Read as 0’s.
0 Right (Ring) Channel Select.
0: Sense Left Channel (Tip)

1: Sense Right Channel (Ring)
The ALC233-VB does not support hardware impedance detect and will ignore this control bit.

8.25. Verb-Get Configuration Default
(Verb ID=F1Ch/FI1Dh/FIEh/F1Fh)

Read the 32-bit sticky register for each Pin Widget configured by software.
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Table 60. Verb-Get Configuration Default (Verb ID=F1Ch/F1Dh/F1Eh/F1Fh)

Get Command Format Codec Response Format
Bit [31:28] | Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]
CAd=X Node ID=Xh | Verb ID= F1Ch 0’s 32-bit Response

Codec Response for NID=12h, 14h, 17h, 19h, 1Ah, 1Bh, 1Dh, 1Eh and 21h (DMIC, SPK-OUT, MONO, MIC2, LINE1,
LINE2, PCBEEP, HP-OUT, SPDIF-OUT)

Bit Description
31:0 32-bit configuration information for each pin widget.

Note: The 32-bit registers for each Pin Widget are sticky and will not be reset by a LINK Reset or Codec Reset (Function
Reset Verb).

8.26. Verb-Set Configuration Default Bytes 0, 1, 2, 3
(Verb ID=71Ch/71Dh/71Eh/71Fh)

The BIOS can use this verb to figure out the default conditions (e.g., placement and expected default
device).

Table 61. Verb-Set Configuration Default Bytes 0, 1, 2, 3 (Verb ID=71Ch/71Dh/71Eh/71Fh)

Set Command Format Codec Response Format
Bit [31:28] | Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]
CAd=X Node ID=Xh Verb ID=71Ch, Label [7:0] 0’s for all nodes
71Dh, 71Eh, 71Fh

Note: Supported by Pin Widget NID=12h, 14h, 17h, 18h, 19h, 1Ah, 1Bh, 1Dh, 1Eh and 21h. Other widgets will ignore
this verb.

Codec Response for All NID
Bit Description
31:0 0’s.
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8.27. Verb-Get BEEP Generator (Verb ID=F0Ah)

Table 62. Verb-Get BEEP Generator (Verb ID= FOAh)
Get Command Format Codec Response Format

Bit [31:28] | Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]

CAd=X | Node ID=01h | Verb ID=FOAh 0’s Divider [7:0]

‘Response’ for NID=01h

Bit Description

31:8 Reserved.

7:0 Frequency Divider, F[7:0].

The internal BEEP frequency is the result of dividing the 48kHz clock by 4 times the number specified in
F[7:0]. The lowest tone is 48kHz/(255*4)=47Hz.

The highest tone is 48kHz/(1*4)=12kHz.

A value of 00h in F[7:0] disables the internal BEEP generator and allows external PCBEEP input.

Codec Response for Other NID

Bit Description

31:0 0’s.

8.28. Verb-Set BEEP Generator (Verb ID=70Ah)

Table 63. Verb-Set BEEP Generator (Verb ID= 70Ah)
Set Command Format Codec Response Format

Bit[31:28] | Bit[27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]

CAd=X Node ID=01h | Verb ID=70Ah Divider [7:0] 0’s for all nodes

‘Divider’ in Set Command

Bit Description

31:8 Reserved.

7:0 Frequency Divider, F[7:0].

The internal BEEP frequency is the result of dividing the 48kHz clock by 4 times the number specified in
F[7:0]. The lowest tone is 48kHz/(255*4)=47Hz.

The highest tone is 48kHz/(1*4)=12kHz.

A value of 00h in F[7:0] disables the internal BEEP generator and allows external PCBEEP input.

Note: All nodes except BEEP generator (NID=01h) will ignore this verb.

Codec Response for All NID

Bit Description

31:0 0’s.
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8.29. Verb-Get GPIO Data (Verb ID= F15h)

Table 64. Verb-Get GPIO Data (Verb ID= F15h)
Get Command Format Codec Response Format
Bit [31:28] | Bit[27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]
CAd=X | Node ID=01h | Verb ID=F15h 0’s 32-bit Response

Codec Response for NID=01h (Audio Function Group)
Bit Description
31:8 Reserved.
7:3 Reserved.

2:0 GPI10[2:0] Data.
The value written (output) or sensed (input) on the corresponding pin if it is enabled.

Codec Response for Other NID
Bit Description
31:.0 0’s.

8.30. Verb-Set GPIO Data (Verb ID= 715h)

Table 65. Verb-Set GPIO Data (Verb ID= 715h)
Set Command Format Codec Response Format
Bit [31:28] | Bit[27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]
CAd=X Node ID=01h | Verb ID=715h Data [7:0] 0’s for all nodes

‘Data’ in Set command for NID=01h (Audio Function Group)
Bit Description
31:8 Reserved.
7:3 Reserved.

2:0 GPI10[2:0] Output Data.
The value written determines the value driven on a pin that is configured as an output pin.

Codec Response for All NID
Bit Description
31:0 0’s.
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8.31. Verb-Get GPIO Enable Mask (Verb ID=F16h)

Get Command Format

Table 66. Verb-Get GPIO Enable Mask (Verb ID= F16h)
Codec Response Format

Bit [31:28]

Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]

CAd=X

Node ID=01h | Verb ID=F16h 0’s EnableMask [7:0]

Codec Response for NID=01h (Audio Function Group)

Bit Description
31:8 Reserved.

7:3 Reserved.

2:0 GPIO[2:0] Enable Mask.

0: The corresponding GPI10O pin is disabled and is in Hi-Z state
1: The corresponding GPIO pin is enabled. Its behavior is determined by the GP10O direction control

Note: All nodes except Audio Function Group (NID=01h) will ignore this verb.

Codec Response for Other NID

Bit

Description

31:0

0’s.

8.32. Verb-Set GPIO Enable Mask (Verb ID=716h)

Set Command Format

Table 67. Verb-Set GPIO Enable Mask (Verb ID=716h)
Codec Response Format

Bit [31:28]

Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]

CAd=X

0’s for all nodes

Node ID=01h | Verb ID=716h Enable Mask [7:0]

Codec Response for NID=01h (Audio Function Group)

Bit Description
31:8 Reserved.

7:3 Reserved.

2:0 GPIO[2:0] Enable Mask.

0: The corresponding GPIO pin is disabled and is in Hi-Z state
1: The corresponding GPIO pin is enabled. Its behavior is determined by the GP10O direction control

Note: All nodes except Audio Function Group (NID=01h) will ignore this verb.

Codec Response for All NID

Bit

Description

31:0

0’s.
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8.33. Verb-Get GPIO Direction (Verb ID=F17h)

Get Command Format

Table 68. Verb-Get GPIO Direction (Verb ID=F17h)
Codec Response Format

Bit [31:28]

Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]

CAd=X

Node ID=01h | Verb ID=F17h 0’s Direction [7:0]

Codec Response for NID=01h (Audio Function Group)

Bit Description
31:8 Reserved.

7:3 Reserved.

2:0 GPI10[2:0] Direction Control.

0: The corresponding GPIO pin is configured as an input
1: The corresponding GPIO pin is configured as an output

Note: All nodes except Audio Function Group (NID=01h) will ignore this verb.

Bit

Codec Response for Other NID

Description

31:0

0’s.

8.34. Verb-Set GPIO Direction (Verb ID=717h)

Set Command Format

Table 69. Verb-Set GPIO Direction (Verb ID=717h)
Codec Response Format

Bit [31:28]

Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]

CAd=X

0’s for all nodes

Node ID=01h | Verb ID=717h Direction [7:0]

Codec Response for NID=01h (Audio Function Group)

Bit Description
31:8 Reserved.

7:3 Reserved.

2:0 GPI10[2:0] Direction Control.

0: The corresponding GPI10 pin is configured as an input
1: The corresponding GPIO pin is configured as an output

Note: All nodes except Audio Function Group (NID=01h) will ignore this verb.

Codec Response for Other NID

Bit

Description

31:0

0’s.
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8.35. Verb-Get GPIO Unsolicited Response Enable Mask
(Verb ID=F19h)

Table 70. Verb-Get GPIO Unsolicited Response Enable Mask (Verb ID=F19h)

Get Command Format Codec Response Format
Bit [31:28] | Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]
CAd=X | Node ID=01h | Verb ID=F19h 0’s UnsolEnable [7:0]

Codec Response for NID=01h (Audio Function Group)
Bit Description
31:8 Reserved.
7:3 Reserved.
2:0 GPI10[2:0] Unsolicited Enable Mask.
0: Unsolicited response will not be sent on link
1: Unsolicited response will be sent on link when state of corresponding GP1O has been changed
Note: All nodes except Audio Function Group (NID=01h) will ignore this verb.

Codec Response for Other NID
Bit Description
31:0 0’s.

8.36. Verb-Set GPIO Unsolicited Response Enable Mask
(Verb ID=719h)

Table 71. Verb-Set GPIO Unsolicited Response Enable Mask (Verb ID=719h)

Set Command Format Codec Response Format
Bit [31:28] | Bit[27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]
CAd=X Node ID=01h | Verb ID=719h UnsolEnable [7:0] 0’s for all nodes

Codec Response for NID=01h (Audio Function Group)

Bit Description

31:8 Reserved.

7:3 Reserved.

2:0 GPI0[2:0] Unsolicited Enable Mask.
0: Unsolicited response will not be sent on link
1: Unsolicited response will be sent on link when state of corresponding GP10 has been changed
Note 1: All nodes except the Audio Function Group (NID=01h) will ignore this verb.
Note 2: The unsolicited response of corresponding GPIO is enabled when its ‘Enable Mask’ and Verb- ‘Unsolicited
Response’ for NID=01h are enabled.

Codec Response for Other NID
Bit Description
31:0 0’s.
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8.37. Verb-Get Digital Converter Control 1 & Control 2 &
Control 3 & Control 4 (Verb ID= FODh, FOEh, F3Eh, F3Fh)

Table 72. Verb-Get Digital Converter Control 1 & Control 2 (Verb ID= FODh, FOEh)
Get Command Format

Bit [31:28] | Bit [27:20] Bit [19:8] Payload Bit [7:0]
CAd=X | Node ID=06h Verb ID=FODh/ 0’s
FOEh/F3Eh/F3Fh

Codec Response Format

Response [31:0]

Bit[31:16]=0’s, Bit[15:0] are SIC bit

NID=06h (SPDIF-OUT Converter) Response to ‘Get verb’-FODh/FOEh/F3Eh/F3Fh (Control for SIC bit[15:0])

Bit

Description- SIC (SPDIF IEC Control) Bit[7:0]

31:24

Read as 0’s.

23

Keep Alive Enable
0: Disable, SPDIF output is disabled in D2/D3 mode
1: Enable, SPDIF output is enabled in D2/D3 mode

22:20

Reserved. Read as 0’s

19:16

IEC Coding Type
Not supported in ALC233-VB, read as 0’s.

14:8

CCJ[6:0] (Category Code).

LEVEL (Generation Level).

PRO (Professional or Consumer Format).
0: Consumer format
1: Professional format

/AUDIO (Non-Audio Data Type).
0: PCM data
1: AC3 or other digital non-audio data

COPY (Copyright).
0: Asserted
1: Not asserted

PRE (Pre-Emphasis).
0: None
1: Filter pre-emphasis is 50/15 microseconds

VCFG for Validity Control (control V bit and data in Sub-Frame).

V for Validity Control (control V bit and data in Sub-Frame).

Digital Enable. DigEn.
0: OFF
1: ON

Codec Response for Other NID

Bit Description
31:0 0’s
4-Channel High Definition Audio Codec 61 Rev. 0.3

with Embedded Class-D Speaker Amplifier



Sif REALTEK

ALC233-VB
Datasheet

8.38. Verb-Set Digital Converter Control 1 & Control 2 &
Control 3 & Control 4

(Verb ID=70Dh, 70Eh, 73Eh, 73Fh)-

Table 73. Verb-Set Digital Converter Control 1 & Control 2 (Verb ID=70Dh, 70Eh)
Set Command Format (Verb ID=70Dh, Set Control 1)

Codec Response Format

Bit [31:28]

Bit [27:20] Bit [19:8] Payload Bit [7:0]

Response [31:0]

CAd=X

Node ID=06h | Verb ID=70Dh SIC [7:0]

0’s

Set Command Format (Verb ID=70Eh, Set Control 2)

Codec Response Format

Bit [31:28]

Bit [27:20] Bit [19:8] Payload Bit [7:0]

Response [31:0]

CAd=X

Node ID=06h | Verb ID=70Eh SIC [15:8]

0’s

Set Command Format (Verb ID=73Eh, Set Control 3)

Codec Response Format

Bit [31:28]

Bit [27:20] Bit [19:8] Payload Bit [7:0]

Response [31:0]

CAd=X

Node ID=Xh | Verb ID=73Eh SIC [23:16]

0’s

Set Command Format (Verb ID=73Fh, Set Control 4)

Codec Response Format

Bit [31:28]

Bit [27:20] Bit [19:8] Payload Bit [7:0]

Response [31:0]

CAd=X

Node ID=Xh | Verb ID=73Fh

SIC [31:24]

0’s

‘Payload’ in Set Control 1 for NID=06h (SPDIF-OUT Converter)

Bit Description- SIC (SPDIF IEC Control) Bit[7:0]
7 LEVEL (Generation Level)
6 PRO (Professional or Consumer Format).
0: Consumer format
1: Professional format
5 /AUDIO (Non-Audio Data Type).
0: PCM data
1: AC3 or other digital non-audio data
4 COPY (Copyright).
0: Asserted
1: Not asserted
3 PRE (Pre-Emphasis).
0: None
1: Filter pre-emphasis is 50/15 microseconds
2 VCEFG for Validity Control (control V bit and data in Sub-Frame).
1 V for Validity Control (control V bit and data in Sub-Frame).
0 Digital Enable. DigEn.
0: OFF
1: ON
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‘Payload’ in Set Control 2 for NID=06h (SPDIF-OUT Converter)
Bit Description- SIC (SPDIF IEC Control) Bit[7:0]
7 Reserved. Read as 0’s.
6:0 CC[6:0] (Category Code).

‘Payload’ in Set Control 3 for NID=06h (SPDIF-OUT)
Bit Description- SIC (SPDIF IEC Control) Bit[23:16]
7 Keep Alive Enable
0: Disable, SPDIF output is disabled in D2/D3 mode
1: Enable, SPDIF output is enabled in D2/D3 mode
6:0 Reserved

‘Payload’ in Set Control 4 for NID=06h (SPDIF-OUT)
Bit Description- SIC (SPDIF IEC Control) Bit[31:24]
7:0 Reserved

8.39. Verb-Get Subsystem ID [31:0]
(Verb ID=F20h/F21h/D22h/F23h)

32-bit Read/Write register for Audio Function Group (NID=01h)

Table 74. Verb-Get Subsystem ID [31:0] (Verb ID=F20h/F21h/F22h/F23h)

Get Command Format Codec Response Format
Bit [31:28] | Bit[27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]
CAd =X | Node ID=01h | Verb ID=F20h 0s 32-bit Response

Codec Response for NID=01h
Bit Description
31:16 Subsystem 1D[23:8] (Default=10ECh).
15:8 Subsystem ID[7:0] (Default=02h).
7:0 Assembly ID[7:0] (Default=35h).

8.40. Verb-Set Subsystem ID [31:0] (Verb ID=723h/722h/
721h/720h for [31:24]/[23:16]/[15:8)/]7:0])

Table 75. Verb-Set Subsystem ID [31:0] (Verb ID=723h/722h/721h/720h for [31:24]/[23:16]//[15:8]/[7:0])
Set Command Format Codec Response Format
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Bit [31:28] | Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]
CAd =X | Node ID=01h Verb 1D=723h, Label [7:0] 0s for all nodes

722h, 721h, 720h

Codec Response for all NID
Bit Description
31:0 0s.
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8.41. Verb-Get/Set EAPD Control
(Verb ID=FO0Ch for Get, 70Ch for Set)

Table 76. Verb-Get EAPD Control (Verb ID=FOCh)

Get Command Format (NID=14h) Codec Response Format
Bit [31:28] Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]
CAd=X Node ID=14h Verb ID=F0Ch 0Os Bit[1] is EAPD Control

Codec Response for NID=14h (SPK-OUT, port-D)
Bit Description
31:3 Reserved.
2 L-R Swap. The ALC233-VB does not support swapping left and right channels. Read as 0.

1 EAPD Value.
0: EAPD pin state is low
1: EAPD pin state is high

0 BTL Enable. The ALC233-VB does not support BTL output. Read as 0.

Codec Response for Other NID
Bit Description

31:0 0’s.
Table 77. Verb-Set EAPD Control (Verb ID=70Ch)
Set Command Format (N1D=14h) Codec Response Format
Bit [31:28] Bit [27:20] Bit [19:8] Payload Bit [7:0] Response [31:0]
CAd=X Node ID=14h | Verb ID=70Ch | Bit[1] is EAPD Control 0s

Payload in Set command for NID=14h (SPK-OUT, port-D)
Bit Description
31:3 Reserved.
2 L-R Swap. The ALC233-VB does not support swapping left and right channels. Read as 0.

1 EAPD Value.

0: EAPD pin state is low

1: EAPD pin state is high.

Note: Only one physical logic for the EAPD signal.

0 BTL Enable. The ALC233-VB does not support BTL output. Read as 0.

Codec Response
Bit Description
31:0 0’s.
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8.42. Verb-Function Reset (Verb ID=7FFh)

Table 78. Verb-Function Reset (Verb ID=7FFh)
Command Format (NID=01h)

Bit [31:28]

Bit [27:20]

Bit [19:8]

Payload Bit [7:0]

Codec Response Format

CAd=X

Node ID=01h

Verb ID=7FFh

0’s

Response [31:0]

Codec Response

0’s

Bit

Description

31:0

Reserved. Read as 0’s.

Note: The Function Reset command causes all widgets to return to their power-on default state.
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9. Electrical Characteristics
9.1. DC Characteristics
9.1.1.  Absolute Maximum Ratings
Table 79. Absolute Maximum Ratings
Parameter Symbol Minimum Typical Maximum Units
Power Supplies
Digital Power for Core DVvDD 3.0 3.3 3.6 \%
Digital Power for Link*1 DVDD-IO 1.5 3.3 3.6 \V;
Analog Power for 10 AVDD1 4.75 5.0 5.25 Vv
Analog Power for core AVDD2 1.425 15 1.89 v
Capless Amplifier Power CPVDD 3.0 33 36 v
BTL Analog Power PVDD1, PVDD2 4.75 5 5.25
Ambient Operating Ta 0 - +70 °C
Temperature
Storage Temperature Ts - - +125 °C
ESD (Electrostatic Discharge)
Susceptibility Voltage
All Pins Pass 3500V

Note: When the Class-D amplifier is operating, surges of PVDD >7V duration for 0.1ms may damage the amplifier. To

suppress such surges, 104F tantalum capacitors are required at PYDD1 and PVDD2.
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9.1.2.  Threshold Voltage
DVDD=3.3V+5%, Tampient=25°C, with 50pF external load.

Table 80. Threshold Voltage

Parameter Symbol Minimum Typical Maximum Units
Input Voltage Range Vin -0.30 - DVvDD+0.30 \%
Low Level Input \Voltage Vi - - 0.4*DVDD-I0 \V
(BCLK, RST#, SDO, SYNC, SDI)

High Level Input Voltage ViH 0.6*DVDD-10 - - \
(BCLK, RST#, SDO, SYNC, SDI)

Low Level Output Voltage VoL - - 0.1*DVDD-IO V
(Sbl)

High Level Output Voltage VoH 0.9*DVDD-IO - - \Y/
(SDI)

Low Level Input Voltage ViL - 0.5*DVDD - \V
(SPDIF-OUT, DMIC, GPIOs)

High Level Input Voltage V4 - 0.5*DVDD - \Y/
(SPDIF-OUT, DMIC, GPIOs)

Low Level Output Voltage VoL - - 0.1*DVDD \V
(SPDIF-OUT, DMIC, GPI0s)

High Level Output Voltage VoH 0.9*DVDD - - \Y/
(SPDIF-OUT, DMIC, GPIOs)

Input Leakage Current - -10 - 10 HA
Output Leakage Current (Hi-2) - -10 - 10 HA
Output Buffer Drive Current - - 5 - mA
Internal Pull Up/Down Resistance - - 47k - Q

9.1.3.  SPDIF Output Characteristics
DVDD= 3.3V, Tambient=25°C, with 75Q external load.

Table 81. SPDIF Output Characteristics

Parameter Symbol Minimum Typical Maximum Units

SPDIF-OUT High Level Output Vou 3.0 3.3 - Vv

SPDIF-OUT Low Level Output VoL - 0 0.3 \Y
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9.1.4.  Digital Filter Characteristics
Table 82. Digital Filter Characteristics
Filter Symbol Minimum Typical Maximum Units
ADC Lowpass Filter | Passband 0 - 0.4*Fs kHz
Stopband 0.6*Fs - - kHz
Stopband Rejection - -90.0 - dB
Passband Frequency Response - +0.002 - dB
DAC Lowpass Filter | Passhand 0 - 0.4*Fs kHz
Stopband 0.6*Fs - - kHz
Stopband Rejection - -90 - dB
Passband Frequency Response - +0.005 - dB
Note: Fs=Sample rate.
9.2. AC Characteristics
9.2.1.  Link Reset and Initialization Timing
Table 83. Link Reset and Initialization Timing
Parameter Symbol Minimum Typical Maximum Units
RESET# Active Low Pulse Width TrsT 100.167 - - us
RESET# Inactive to BCLK TrL 100 - - us
Startup Delay for PLL Ready Time
SDI Initialization Request TeraME - - 25 Frame Time
Initialization
>= 4 BCLK Sequence

UUULFLFL

»
»

U1

Normal Frame
SYNC

Initialization
Request

[

RESET#

A

T

RST

TPLL

«— —
TERAME

Figure 17. Link Reset and Initialization Timing
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9.2.2.  Link Timing Parameters at the Codec

Table 84. Link Timing Parameters at the Codec

Parameter Symbol Minimum Typical Maximum Units
BCLK Frequency - 23.9976 24.0 24.0024 MHz
BCLK Period Teycle 41.163 41.67 42171 ns
BCLK Jitter Tiitter - 150 500 ps
BCLK High Pulse Width Thigh 17.5 (42%) - 24.16 (58%) ns (%)
BCLK Low Pulse Width Tiow 17.5 (42%) - 24.16 (58%) ns (%)
SDO Setup Time at Both Rising Tsetup 5 - - ns
and Falling Edge of BCLK

SDO Hold Time at Both Rising Thold 5 - - ns
and Falling Edge of BCLK

SDI Valid Time After Rising Edge Tieo 3 - 11 ns
of BCLK (1: 50pF external load)

SDI Flight Time Tiight 0 - 7 ns

«— T cycle—_____

o «T_highq —
S ’\<mfl /

T_setup | T_hold
>

A A

T_t(lzo
VOH - Y
SDI
VOL
T_flight
Figure 18. Link Signal Timing
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9.2.3.  SPDIF Output Timing
Table 85. SPDIF Output Timing

Parameter Symbol Minimum Typical Maximum Units

SPDIF-OUT Frequency - - 3.072 - MHz

SPDIF-OUT Period Teycle - 325.6 - ns

SPDIF-OUT litter Tijitter - - 4 ns

SPDIF-OUT High Level Width Thigh 156.2 (48%) 162.8 (50%) 169.2 (52%) ns (%)

SPDIF-OUT Low Level Width Tiow 156.2 (48%) 162.8 (50%) 169.2 (52%) ns (%)

SPDIF-OUT Rising Time Trise - 2.0 - ns

SPDIF-OUT Falling Time Ttan - 2.0 - ns

Note: These are bit parameters for 48kHz sample rate of SPDIF-OUT.

Tcycle
<
Thigh Tiow
< F’( > VO H
ViH / '\ /
v A \ Vi
- Vv
OL
< —>»
Trise Trall
Figure 19. Output Timing
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9.3. Analog Performance

Standard Test Conditions e Tambien=25°C, DVDD=3.3V +5%, AVDD1=5.0V+5%,
AVDD2=1.5V+5%

e 1kHz input sine wave; Sampling frequency=48kHz; 0dB=1Vrms

e 10KQ/50pF load; Test bench Characterization BW: 20Hz~22kHz

Table 86. Analog Performance

with Embedded Class-D Speaker Amplifier

Parameter Min Typ Max Units
Full-Scale Input Voltage

All ADC (Gain=0dB) - 1.35 - Vrms
Full-Scale Output Voltage

All DAC (Gain=0dB) - 1.35 - Vrms
SNR (A Weighted)

ADC - 90 - dB FSA

DAC - 97 - dB FSA

Headphone Out @32Q Load - 95 - dB FSA
Total Harmonic Distortion Plus Noise, THD+N

ADC - -85 - dB FS

DAC - -85 - dB FS

Headphone Out @32Q Load - -70 - dB FS
Frequency Response

ADC (-3dB lower edge, -1dB higher edge) 10 - 0.454*Fs Hz

DAC (-3dB lower edge, -1dB higher edge) 10 - 0.454*Fs Hz
Power Supply Rejection Ratio - -60 - dB
Total Out-of-Band Noise (28.8kHz~100kHz) - -60 - dB
Amplifier Gain Step

ADC - 0.75 - dB

DAC - 0.75 - dB
Crosstalk - -80 - dB
Input Impedance (Gain=0dB) - 27 - KQ
Output Impedance

Amplified Output - 1 - Q

Non-Amplified Output - 200 - Q
VREFOUTXx Output Voltage 0 2.50 4.0 \%
VREFOUTX Output Current - 5 - mA
Power consumption @ DO (*1) - - 45 mw
Power consumption @ D3Hot, HD-A Link Alive - 1.2 - mwW
Power consumption @ D3Hot, HD-A Link Stops - 1 - mw
Note: FSA=Full-Scale with A-weighting filter. FS=Full-Scale.
Note: (*1) AVDD2 condition is 1.5V and only DAC to Headphone out @32o0hm 1mW output power.
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9.4. Class-D Power Amplifier Performance
Table 87. Class-D Power Amplifier Performance
Parameter Min Typ Max Units
Maximum Output Peak Current @ BTL Mode per channel - 1.05 - A
Maximum Output Power (THD+N=1%, 4ohms +33uH Load, - 2.2 - w
PVDD=5V) per channel - 1.1 - Wi
Maximum Output Power (THD+N=1%, 8ohms +33uH Load,
PVDD=5V) per channel
Power Efficiency n@ BTL Mode into 8ohms+33uH per - 85 - %
channel
Power Efficiency n@ BTL Mode into 4ohms +33uH per - 80 - %
channel
Full-Scale Output Voltage @ BTL Mode - +/-4.2 - Vpeak
PCM/PDM Converter per channel
S/IN (A weighted) @ BTL Mode - 92 - dB FSA
PCM/PDM Converter per channel
THD+N (AES-17)@ BTL Mode at test signal -3dBFS around - -75 - dB FS
20Hz~22KHz PCM/PDM Converter per channel
Frequency Response @ BTL Mode 20 - 22K Hz
PCM/PDM Converter per channel
Total Quiescent Current (Iq) - 8 - mA
Minimum Pulse Width - 163 - nS
MQFN-48 Package Thermal Characteristic, O3, - 30 - °C/IW
Output Voltage Noise(\Vn) at Mute Condition - 20 - uv
Output Short Circuit Protection Limit - 2.5 - A
Class-D Output RMS Current per channel, I - 0.74 - A
(BTL 4 ohms +33uH Load, PVDD = 5.0V, Full Power Output)
Class-D Output RMS Current per channel, I - 0.2 - HA
(BTL 4 ohms +33uH Load, PVDD = 5.0V, Power Down)
Note: If output power is <1W with 4ohm loading, please contact Realtek FAE.
10. Application Circuits
Please contact Realtek for up-to-date application circuit information.
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11. Mechanical Dimensions
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11.1. Mechanical Dimensions Notes
Symbol Dimension in mm Dimension in inch
Min Nom Max Min Nom Max
A 0.75 0.85 1.00 0.030 0.034 0.039
A, 0.00 0.02 0.05 0.000 0.001 0.002
As 0.20 REF 0.008 REF
b 0.15 | 0.20 | 0.25 0.006 | 0.008 | 0.010
D/E 6.00BSC 0.236BSC
D2/E2 415 \ 4.4 | 465 0163 | 0173 | 0183
e 0.40BSC 0.016BSC
L 0.30 | 0.40 | 0.50 0.012 | 0016 | 0.020
Notes:

1. CONTROLLING DIMENSION: MILLIMETER (mm).
2. REFERENCE DOCUMENT: JEDEC MO-220
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12. Ordering Information

Table 88. Ordering Information

Part Number Package

Status

ALC233-VB2-CG MQFN-48 ‘Green’ Package (6mm x 6mm) (Tray)

MP*

ALC233-VB2-CGT | MQFN-48 ‘Green’ Package (6mm x 6mm) (Tape and Reel)

MP*

*Please contact Realtek sales representative for sample availability.

Realtek Semiconductor Corp.

Headquarters

No. 2, Innovation Road Il

Hsinchu Science Park, Hsinchu 300, Taiwan
Tel.: +886-3-578-0211. Fax: +886-3-577-6047
www.realtek.com
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