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Description

The 92HD81 single-chip audio system is a low power
optimized, high fidelity, 4-channel audio codec with
integrated speaker amplifier, capless headphone amplifier,
and low drop out voltage regulator.

The high integration of the 92HD81 enables the smallest
PCB footprint with the lowest system BOM count and cost.

The integrated high-pass filter allows for speaker
protection.

The 92HD81 provides high quality HD Audio capability to
notebook and business desktop PC applications.
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Features

4 Channels (2 stereo DACs and 2 stereo ADCs) with
24-bit resolution

*  Supports full-duplex stereo audio and simultaneous VolP
¢ Provides a mono output

2Wi/channel stereo speaker amplifier @ 4 ohms and
4.75V

Two headphone amplifiers
*  One capless and one non-capless retaskable

Internal core voltage regulator
1.5V to 1.8V or 3.3V digital power supply options

+5 V analog power supply option

Dedicated BTL high pass filter for speaker
protection (RA revision only)

Full HDA015-B low power support

*  Audio inactivity transitions codec from DO to D3 low
power mode

Resume from D3 to DO with audio activity in < 10 msec
D3 to DO transition with < -65dB pop/click

Port presence detect in D3 with or without bit clock
Optional analog PC beep in D3

Additional vendor specific modes for even lower power

Microsoft WLP 3/4/5 premium logo compliant, as
defined in WLP 3.9

Dual SPDIF for WLP compliant support of
simultaneous HDMI and SPDIF output

Support for 1.5V and 3.3V HDA signaling

Two digital microphone inputs (mono, stereo, or
quad microphones)

High performance analog mixer

2 adjustable VREF Out pins for analog microphone
bias

6 analog ports with port presence detect (5 single
ended, 1 BTL)

Analog and digital PC Beep support
Aux Audio Mode (see orderable part numbers for support)
48-pad QFN RoHS packages
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C.....___________________________________________________________________________________________________________________________________________|
Software Support
» Intuitive TSI HD Sound graphical user interface that allows configurability and preference set-

tings
* 12 band fully parametric equalizer

+ Constant, system-level effects tuned to optimize a particular platform can be combined with

user-mode “presets” tailored for specific acoustical environments and applications
+ System-level effects automatically disabled when external audio connections made

+ Dynamics Processing
+ Enables improved voice articulation
»  Compressor/limiter allows higher average volume level without resonances or damage to
speakers.

+ TSI Vista APO wrapper
+ Enables multiple APOs to be used with the TSI Driver

*  Microphone Beam Forming, Acoustic Echo Cancellation, and Noise Suppression

*  Dynamic Stream Switching
* Improved multi-streaming user experience with less support calls

+  Broad 3" party branded software including Creative, Dolby, DTS, and SRS
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ADCO (NID = 15N): CNIVET oottt e e e e s et e e e e e e sas e e e e e e snsaeeeaeeassaneeaeanes 186
ADCO (NID = 15h): PrOCSHAte .....ootiiiiieiiiiie ettt ettt 187
ADCO (NID = 15h): PWISEAE ....eeeeiiiiiieiie et 187
ADCO (NID = 15h): CNVATID ....eiiiiieiie ittt ettt st be e 188
ADCT (NID = 1681): WECAD ..veeiteeieiitit ettt sttt ettt ettt sae et e e e b e nne e 189
ADCT (NID = 16h): CONLSE ...t 190
ADC1 (NID = 16h): CONLSIENTY0 .....eeveiiieiieeee e 191
ADCT (NID = 168N): CNVET oottt ettt e e et e e e e et e e e s e sae e e e e e e snsaeeeaeeasbaneeaeaanes 191
ADCT (NID = 16h): PrOCSHate .....ooiuiiiiieiiiiiie ettt 193
ADCT (NID = 16h): PWISEALE .....eeiiiiiiiiiii et 193
ADCT (NID = 16h): CNVETID ...ttt ettt ettt e e e b e 194
ADCOMUX (NID = 171): WECAP ..ttt sttt nb et n et nne e 194
ADCOMUX (NID = 17h): CONLSTE ...eiiiiiiiiiiie ettt e e e e e e et e e e e s e earaeeaesenes 196
ADCOMuUX (NID = 17h): CONLSIENIIYA ....oeoieiie ettt e e e araee e e e 196
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ADCOMux (NID = 17h): CONLSIENTIYO .....oeiiiiiiieiee et 197
ADCOMuUX (NID = 17h): OULAMPCAPD ..eeeiuiiieeiiieeiiie et e ereee e s eeeesne e e st e e saeeesteeesnneeessneeeeaeeeenns 197
ADCOMux (NID = 17h): OULAMPLETL ....eeiieiiiiie e 198
ADCOMux (NID = 17h): OUtAMPRIGNT ...ooeiiieeiieeee e 199
ADCOMux (NID = 17h): CONSEIECICHT ....eoiiiiiiiee e e 199
ADCOMuUX (NID = 17h): PWISEAE ....ciueiiitiiiiieiieeiie et 200
ADCOMux (NID = 17h): EAPDBTLLR .....eiiiiiiiiie e 200
ADCTMUX (NID = 18h): WECAD ..eeeeiiitiitieeiie ettt bttt nb et n e nne e 201
ADCAIMUX (NID = 18h): CONLSL ....eeiiiiieeeiiie ettt ee e e e s tee e enee e e snneeenneeeens 202
ADC1T1Mux (NID = 18h): CONLSIENIIYA ....ccoiiiiiiee ettt e raae e e 203
ADC1Mux (NID = 18h): CONLSENIYO .....coiuiiiiiiiieiiieie et 203
ADC1TMux (NID = 18h): OUIAMPCAD ..eeetiiiiiieiieiieesiee ettt sttt sttt sb e s e e sbeeeneesree e 204
ADC1TMux (NID = 18h): OUIAMPLET ..ot e 205
ADC1Mux (NID = 18h): OUtAMPRIGNT .....eeiiiiieie e e e e e 205
ADC1IMux (NID = 18h): CoNSEIECICHIT ......eeeeiieiie et 206
ADCTMUX (NID = 18h): PWISEAte ......eveiiieiiiiiiie ettt e e e e e e s e e e enes 206
ADC1Mux (NID = 18h): EAPDBTLLR .....eiiiiiiiiiiit ettt 207
MONOMUX (NID = 1ON): WP ..eiiiiiiiiieitie ettt ettt ettt sttt et e et e et et e e sbeesbeeenneesaeesnbeenneennneans 207
MONOMUX (NID = 190): CONLSE ....eiiiiiiieeie e 209
MonoMux (NID = 19h): CONLSTENTIYO ....coceiiieiieiie e 209
MonoMux (NID = 19h): CONSEIECICH .......eeieiiee e 210
MonoMux (NID = 19h): PWISTAtE ....ccccueiiieii ettt e e 210
MONOMIX (NID = TAN): WD ..ttt ettt ettt ettt sttt et e sttt e s st e e beesbeeeseenbeeanbeesaeennneens 211
MONOMIX (NID = 1AR): CONLSE ...eiiiiiiiiieese ettt e 213
MonoMix (NID = 1Ah): CONLSIENTIYO .....cooviiiiiieiieee et e 213
MonoMix (NID = 1AR): PWIESEAtE ......ccoiiiiiiiieeiie et e e e e e sneeees 214
MiXEr (NID = 1Bh): WECAP .eieeiiiiiiieeitie ettt et e et e e st e e et e e et e e s et e e e tee e sneeeesnseeeanseeeeseeeneeeeaneeeenns 215
Mixer (NID = 1Bh): INAMPCAD ..iiiiiiiiiie ettt et a e e e e e e e e st ee e e e e ensnees 216
MiXer (NID = 1Bh): CONLSE ..ottt sttt sb et e et esnneesee e 217
Mixer (NID = 1Bh): CONLSIENTIY4 ....coiiiiiiiiiie et 218
Mixer (NID = 1Bh): CONLSIENIIYO ..o e 218
Mixer (NID = 1Bh): INAMPLETO ..o e e e s e e eneeas 219
Mixer (NID = 1Bh): INAMPRIGNTO .....oooiiiiiiie e e sneeees 219
Mixer (NID = 1Bh): INAMPLETIT ...ooeiiiie e e e e ea e e 220
Mixer (NID = 1Bh): INAMPRIGOET ..o e 220
Mixer (NID = 1Bh): INAMPLE2 .....ooieii e e 221
Mixer (NID = 1Bh): INAMPRIGhT2 ..o 221
Mixer (NID = 1Bh): INAMPLEFS ..ot e e 222
Mixer (NID = 1Bh): INAMPRIGL3 .. .ooiie e e 222
Mixer (NID = 1Bh): INAMPLEMIA .. ..eeeeiiieceeeee e e e n 223
Mixer (NID = 1Bh): INAMPRIGhA ... e 223
Mixer (NID = 1Bh): INAMPLETS .....ooiiie e e 224
Mixer (NID = 1Bh): INAMPRIGES ... .ooiii e e 224
Mixer (NID = 1Bh): PWISEAE ......eoiiiiiieee e e e e 225
MiXerOutVol (NID = TCR): WECAD ..eeeiitiieeiiieeiie et e et s et e e e st e e et e e snee e eneeeesneeeeenseeesnneenneeeenn 225
MixerOutVol (NID = 1Ch): CONLSE .....ueiiiiiiiiiiee et 227
MixerOutVol (NID = 1Ch): CONLSIENTIY0 ......oooiiiiiiiiiiiiee e 227
MixerOutVol (NID = 1Ch): OULAMPCAD ..coiuiiiiieiiieiiie ittt st 228
MixerOutVol (NID = 1Ch): OUtAMPLETE ......ooiiiiiie e 229
MixerOutVol (NID = 1Ch): OUtAMPRIGNT ......oiiiiiee e e 229
MixerOutVol (NID = 1Ch): PWIState .......coooiiiiiiieee et 230
SPDIFOULO (NID = 1Dh): WECAP ...cteetieitit ettt sttt sttt et ne 231
SPDIFOULO (NID = 1Dh): PCMECEP ...oeiiiieiiiiieeeiee ettt ettt 232
SPDIFOUtO (NID = 1Dh): Stre@mCap ....c.ceieiiieeieeiie it siee e see st e ettt st esneeennes 234
SPDIFOUtO (NID = 1Dh): OULAMPCAP ...eeeitiiiiiieiiieeiie sttt r e see e enns 234
SPDIFOULO (NID = 1DR): CRIVET ettt sttt sa et b e san e et 235
SPDIFOutO (NID = 1Dh): OUtAMPLEFt ...oooeiieee e 236
SPDIFOutO (NID = 1Dh): OUtAMPRIGNE ... 237
SPDIFOULO (NID = 1Dh): PWISEAte ....ccocivviiie ettt et e e 237
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SPDIFOULO (NID = 1Dh): CVIFID ...ttt s 238
SPDIFOULO (NID = 1Dh): DIGCNVIT ...ttt 239
SPDIFOULT (NID = TER): WECEP ..eecueiiiiiiiiieieeeiee ettt ettt et ne e ene s 240
SPDIFOuUt1 (NID = 1ER): PCMOCAP ....etiiiiiiiiiiieeiee ettt 241
SPDIFOuUt1 (NID = 1Eh): Stre@amCap ......cccueiiuieiieiiieiiie ettt st 243
SPDIFOut1 (NID = 1Eh): OUTAMPCAP ...eoiiiiiiiiieiie ettt s ene e 243
SPDIFOULT (NID = TEN): CNVET .ottt e ne e n 244
SPDIFOut1 (NID = 1Eh): OUTAMPLETL ....ooiiiiiiiieie e 245
SPDIFOut1 (NID = 1Eh): OUtAMPRIGNT .....ooiiiiiiiiie e 246
SPDIFOUt1 (NID = 1ER): PWISTAE ....ooiiiiiiiieee ettt e e 246
SPDIFOuUt1 (NID = 1ER): CNVIMID ..ottt 247
SPDIFOUt1 (NID = 1ER): DIGCNVIL ...ttt et 248

DigOPIN (NID = TFN): WEEP ittt sttt ettt et b ettt e st esae e et e e saeeenbeesbbeenenneenaneans 249
DigOPiIn (NID = 1FN): PINCAP ...eveeiiieiiiiieeiee ettt sttt 250

DigOPIN (NID = 1Fh): CONLSE ....oeiueiieiiiieeeie et e e e e e s e e enee e e nneeeeeneees 251

DigOPin (NID = 1Fh): CONLSIENTIIYO ....ouiiiiiiiiiiiiee ettt e e e e e erane e e 252

DigOPin (NID = 1Fh): PWISHAE ....coiiiiiiieiii et 252

DigOPin (NID = 1Fh): PINWOCNIIT ..ottt 253

DigOPIn (NID = 1Fh): UNSOIRESP ...ceieiiiiieieiiit ettt 254

DigOPIN (NID = 1Fh): CRSENSE .....eiiiiiiiieiieeeiee ettt e e et e s e e e anee e e snneeesnneeenn 254

DigOPin (NID = 1Fh): ConfigDefault ...........cccoiiiiiiiieeie e 255

Dig1Pin (NID = 20R): WECP ...veeirieiieitii ittt ettt sttt sttt ettt e ene st e e e nneenene e 257
Dig1Pin (NID = 20N): PINCAP ..eiiuiiiiiieiiieieeiee sttt ettt et sttt e saee et e seeenbeeseeeeneeenneeanee 259

Dig1Pin (NID = 20N): CONLSE ..eiiuiiiiiieitieeieeiee ettt sttt s eesne e 260

Dig1Pin (NID = 20h): CONLSENIIYO ....ccueiitiiiiiieieeitie ettt e 261

Dig1Pin (NID = 20N): PWISHAtE ......coiiiiiieiiiieeii et e e e e s e e e snneeas 261

Dig1Pin (NID = 20N): PINWOCNI ...ttt e 262

Dig1Pin (NID = 20N): UNSOIRESP ..ccciiieiiiiie ettt e ettt e e et e e e e e et e e e e s e ennaeeaesenes 263

Dig1Pin (NID = 20N): CRSENSE ....ccceiiiiiiiieitie ittt sttt et e et e st e e neennee e 263

Dig1Pin (NID = 20h): ConfigDefault ...........cccoiiiiiiiiiee e e 264

DigBeep (NID = 21h): WECAPD ..iiueieiiiieitee ettt ettt ettt e e st snn e s nnn e e e aeneeenn 266
DigBeep (NID = 21h): OULAMPCAP ..eieeieeiiieeeiiee e eee e e et e et e e sne e e s e e eneeeeennneeenneeeen 267

DigBeep (NID = 21h): OULAMPLETE ....eiieeiee e e sneee s 268

DigBeep (NID = 21h): PWISTALE ....ccoiieiiieiiee ettt e e e e 268

DigBeep (NID = 21h): GEN ..ottt et e e s 269
PINOUTS .o ms e e e e e s s e e e e mmmeEe e e e e e ee s aa e e nammmmEeeenesessanssssnnnnennnses 271
PN ASSIGNIMENT ...ttt et et e s bt e e ek bt e e st e e e s e b e e e e b et sne e e e nnre e 271

Pin Table for 48-pin QIFN ...ttt e e e s e s e 272
PACKAGE OUTLINE AND PACKAGE DIMENSIONS .........coccoorereeererrsseeee s smne e 274
48-Pad QFN PACKAQGE .....cocuiiiiiiitiiiii ettt ettt e et sb et b e bbbt nne s 274
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1. DESCRIPTION

1.1. Overview

The 92HD81 is a high fidelity, 4-channel audio codec compatible with the Intel High Definition (HD)
Audio Interface. The 92HD81 codec provides high quality, HD Audio capability notebooks and busi-
ness desktops.

The 92HD81 is designed to meet or exceed premium logo requirements for Microsoft's Windows
Logo Program (WLP) 3.09 and revisions 4/5 as indicated in WLP 3.09.

The 92HD81 provides stereo 24-bit, full duplex resolution supporting sample rates up to 192kHz by
the DAC and ADC. 92HD81 SPDIF outputs support sample rates of 192kHz, 176.4kHz, 96kHz,
88.2kHz, 48kHz, and 44.1kHz. 92HD81 SPDIF input supports sample rates of 96kHz, 88.2kHz,
48kHz, and 44.1kHz. Additional sample rates are supported by the driver software.

The 92HD81 supports a wide range of notebook and business desktop 4-channel configurations.
The 2 independent SPDIF output interfaces provides connectivity to Consumer Electronic equipment
like Dolby Digital decoders, powered speakers, mini disk drives or to a home entertainment system.
Simultaneous HDMI and SPDIF output is possible.

An integrated BTL stereo amplifier is ideal for driving integrated speakers in mobile and ultra-mobile
computers. For desktop computers or mobile computers using only one speaker, the BTL output
stage may be configured to support a single mono speaker.

MIC inputs can be programmed with 0/10/20/30dB boost. For more advanced configurations, the
92HD81 has 3 General Purpose /0 (GPIO).

The port presence detect capabilities allow the codecs to detect when audio devices are connected
to the codec. Load impedance sensing helps identify attached peripherals for easy set-up and a bet-
ter user experience. The fully parametric TSI SoftEQ can be initiated upon headphone jack insertion
and removal for protection of notebook speakers.

The 92HD81 operates with a 1.5V, 1.8V or 3.3V digital supply and a 5V analog supply. It can also
work with 1.5V and 3.3V HDA signaling; the correct signalling level is selected dynamically based on
the power supply voltage on the DVDD-IO pin.

The 92HD81 is available in a 48-pin QFN Environmental (ROHS) package.

1.2. Orderable Part Numbers

92HD81B1X5NLGXyyX 5V Analog, Aux Audio mode enabled
92HD81B1C5NLGXyyX 5V Analog

92HD81B1ASNLGXyyX OEM custom part number
92HD81B1B5NLGXyyX OEM custom part number

yy = silicon stepping/revision, contact sales for current data.
Add an “8” to the end for tape and reel delivery. Min/Mult order quantity 2ku.

TSI™ CONFIDENTIAL 1" V1.0 10/14
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2. DETAILED DESCRIPTION

21. Port Functionality

Multi-function (Input / output) ports allow for the highest possible flexibility. 3 or 4 bi-directional ports,
2 headphone ports, and a high power BTL amplifier support a wide variety of consumer desktop and
mobile system use models.

The port capabilities are as follows

+ Port A supports
* Headphone
* Line Out
* Line Input
*  Mic with 0/10/20/30 dB Boost and Vref_Out

*  Port B supports
» Capless Headphone Out
* Capless Line Out

» Port C supports
* Line Out (not supported on TA revision, supported on RA revision)
+ Lineln
*  Mic with 0/10/20/30 dB boost and Vref Out

*  Port D supports
+ BTL stereo output
* BTL (L+/L-) mono out

+ Port E supports
e Line Out
 Lineln
e Mic with 0/10/20/30 dB boost

*  Port F supports
* Line Out
+ Lineln
*  Mic with 0/10/20/30 dB boost

*  Mono Out supports

* Line Out
Pins Port Input Output Headphone BTL Mic Bias Input
(Vref pin) | boost amp
28/29 A Yes Yes Yes Yes Yes
31/32 B Yes Yes
19/20 C Yes Yes (not Yes Yes
on TA
revision)
40/41/43/44 D Yes Yes
15/16 E Yes Yes Yes
17/18 F Yes Yes Yes
27 Mono Out Yes
48 SPDIF_OUTO Yes
46 SPDIF_OUT1 Yes Yes Yes
DMIC1 (CLK=2)
4 (CLK=2) DMICO Yes Yes
Table 1. Port Functionality
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2.1.1. Port Characteristics

Universal (Bi-directional) jacks are supported on ports C (TA revision only, Port C is input only), E,
and F. Port A is birdirectional also. Ports A and B are designed to drive 32 ohm (nominal) head-
phones or a 10K (nominal) load. Line Level outputs are intended to drive an external 10K load (nom-
inal) and an on board shunt resistor of 20-47K (nominal). However, applications may support load
impedances of 5K ohms and above. Input ports are 50K (nominal) at the pin.

DAC full scale outputs and intended full scale input levels are 1V rms at 5V. Line output ports and
Headphone output ports on the 92HD80 codec may be configured for +3dBV full scale output levels
by using a vendor specific verb.

Output ports are always on to prevent pops/clicks associated with charging and discharging output
coupling capacitors. This maintains proper bias on output coupling caps even in power state D3 as
long as AVDD is available. Unused ports should be left unconnected. When updating existing
designs to use the 92HD80 codec, ensure that there are no conflicts between the output ports on the
92HD80 codec and existing circuitry.

AFG Power State | Input Enable Output Enable Port Behavior
DO-DZ 1 1 Not allowed. Port is active as output. Input path is
mute.
1 0 Active - Port enabled as input
0 1 Active - Port enabled as output
0 0 Inactive -port is powered on (low output impedance) but
drives silence only.
D3 - 0 Inactive (lower power) - Port keeps output coupling caps
charged if port uses caps.
- 1 Low power state. If enabled, Beep will output from the port
D3cold - - Inactive (lower power) - Port keeps output coupling caps
charged if port uses caps.
D4 - - Inactive (lower power) - Port keeps output coupling caps
charged if port uses caps.
D5 - - Off - Charge on coupling caps (if used) will not be
maintained.

Table 2. Analog Output Port Behavior

2.1.2.  Vref_Out

Ports C & A support Vref_Out pins for biasing electret cartridge microphones. Settings of 80%
AVDD, 50% AVDD, GND, and Hi-Z are supported. Attempting to program a pin widget control with a
reserved or unsupported value will cause the associated Vref Out pin to assume a Hi-Z state and
the pin widget control Vref_En field will return a value of ‘000’ (Hi-Z) when read.

2.1.3. Jack Detect

Plugs inserted to a jack on Ports A, B, C & SPDIFOUTO are detected using SENSE_A. Plugs
inserted to a jack on Ports E,F, DMICO, & SPDIFOUT1 are detected using SENSE_B. Per
HDAO015-B, the detection circuit operates when the CODEC is in DO - D3 and can also operate if
both the CODEC and Controller are in D3 (no bus clock.) Jack detection requires that all supplies
(analog and digital) are active and stable. When AVDD is not present, the value reported in the pin
widget is invalid.

TSI™ CONFIDENTIAL 13 V1.0 10/14
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When the HD Audio bus is in a low power state (reset asserted and clock stopped) the CODEC will
generate a Power State Change Request when a change in port connectivity is sensed and then
generate an unsolicited response after the HD Audio link has been brought out of a low power state
and the device has been enumerated. Per HDA015-B, this will take less than 10mS.

The following table summarizes the proper resistor tolerances for different analog supply voltages.

AVdd Nominal | Resistor Tolerance | Resistor Tolerance
Voltage (+/- 5%) Pull-Up SENSE_A/B
4,75V 1% 1%
Resistor SENSE_A SENSE_B
39.2K PORT A (HPO) PORT E
20.0K PORT B (HP1) PORT F
10.0K PORT C DMICO
511K SPDIFOUTO SPDIFOUT1
(DMIC1)
2.49K Pull-up to AVvDD Pull-up to AVvDD

See reference design for more information on Jack Detect implementation.

2.1.4. SPDIF Output
Both SPDIF Outputs can operate at 44.1kHz, 48kHz, 88.2kHz, 96kHz and 192KHz as defined in the
Intel High Definition Audio Specification with resolutions up to 24 bits. This insures compatibility with
all consumer audio gear and allows for convenient integration into home theater systems and media
center PCs.
Per the HDA015-B ECR, the SPDIF outputs support the ability to provide clocking information even
when no stream is selected for the converter, or when in a low power state. Also, as stated in the
ECR, the SPDIF output ports support port presence detect.
SPDIF Outputs are outlined in tables below.
AFG Power Output Converter Stream Keep Alive
State RESET# Enable Dig D Enable Pin Behavior
Enable
Hi-Z (internal pull-down
DO-D3 Asserted (Low) ) ) ) ) enabled) |mmedlgtely after
power on, otherwise the
previous state is retained.

Table 3. SPDIF OUT 0 Behavior
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Converter
AFG Power Output . Stream Keep Alive . .
State RESET# Enable Dig D Enable Pin Behavior
Enable
De-Asserted Disable N,
(High) d - - - Hi-Z (internal pull-up enabled)
De-Asserted . Active - Pin drives 0O (internal
(High) Enabled | Disabled |- - pull-down NA)
DO Active - Pin drives
(?fi'ﬁse”ed Enabled | Enabled |0 - SPDIF-format, but data is
9 zeroes (internal pull-down NA)
De-Asserted Active - Pin drives SPDIFOut0
(High) Enabled | Enabled | 1-15 ) data (internal pull-down NA)
De-Asserted Disable | ) ) Hi-Z (internal pull-down
(High) d enabled)
i ) 0 Active - Pin drives 0 (internal
D1-D2 pull-down NA)
De-Asserted . ——
(High) Enabled Active - Pin 