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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 drives
Enabled |- 1 SPDIF-format, but data is
zeroes (internal pull-down NA)
i i i 0 Hi-Z (internal pull-down
enabled)
Disable Hi-Z (internal pull-down
De-Asserted - - 1
D3 (High) d enabled)
Active - Pin drives
Enabled |[Enabled |- 1 SPDIF-format, but data is
zeroes (internal pull-down NA)
D3cold ) ) ) ) ) Hi-Z (internal pull-down
enabled)
D4 - - - - - Hi-Z (port off)
D5 - - - - - Hi-Z (port off)
Table 3. SPDIF OUT 0 Behavior
AFG Keep
Power RESET# GPIO0 | Input | Output | Converte | Strea | . Pin Behavior
State Enable Enable Enable rDigEn | mID En

Hi-Z (internal pull-down
enabled) immediately after
power on, otherwise the
previous state is retained.

Active - Pin reflects GPIO0

D0-D3 | Asserted (Low) |- - - - - -

De-Asserted

D0-D3 (High) Enabled |- - - - - configuration (internal
9 pull-up enabled)

Pin functions as digital mic

Do-D3 | DeAsserted . iled |Enabled |Disabled | - - - input (internal pull-down

(High)
enabled)
Table 4. SPDIF OUT 1 Behavior
TSI™ CONFIDENTIAL 15 V1.0 10/14

©2014 TEMPO SEMICONDCUTOR, INC.. 92HD81



92HD81

SINGLE CHIP PC AUDIO SYSTEM, CODEC+SPEAKER AMPLIFIER+CAPLESS HP+LDO
L. _______________________________________________________________________________________|

AFG Keep
Power RESET# GPIO0 | Input | Output | Converte | Strea | ). Pin Behavior

State Enable Enable Enable rDigEn | mID En

Hi-Z (internal pull-down

Disabled | Disabled |- - - enabled)

Active - Pin drives 0

Disabled | - - (internal pull-down NA)

De-Asserted _ Active - Pin drives

DO (High) Disabled SPDIF-format, but data is
- Enabled zeroes (internal pull-down
Enabled NA)

Active - Pin drives

1-15 |- SPDIFOut1 data (internal
pull-down NA)

Hi-Z (internal pull-down
enabled)

Disabled |- - -

Active - Pin drives 0

Disabled |- - (internal pull-down NA)

D102 | DeAsserted nicabled | Disabled Active - Pin drives 0

High - 0 . i
(High) Enabled (internal pull-down NA)

Enabled Active - Pin drives
SPDIF-format, but data is
zeroes (internal pull-down
NA)

Hi-Z (internal pull-down
enabled)

Disabled |- - -

Hi-Z (internal pull-down

Disabled |- - enabled)

D3 De-Asserted Disabled | Disabled ) 0 Hi-Z (internal pull-down

High
(High) Enabled enabled)

Enabled Active - Pin drives
SPDIF-format, but data is
zeroes (internal pull-down
NA)

Hi-Z (internal pull-down
enabled)

D4 - - - - - - - Hi-Z (port off)
D5 - - - - - - - Hi-Z (port off)
Table 4. SPDIF OUT 1 Behavior

D3cold |- Disabled | Disabled
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2.2. Mono Output

The MONO Output has an independent mute (see the Widget listing for details). The MONO Output
derives its input from the output of the summing node after the mono mux. The following sources are
available for the mono pin:

+  DACO Output: When selected (by using port connection list), both DACO outputs are summed

together.

+ DACH1 Output: When selected (by using port connection list), both DAC1 outputs are summed
together.

*  Mixer Output: When selected (by using port connection list), both mixer outputs are summed
together.

The stereo inputs are scaled by -6dB and then summed to provide an output that is the average of
the two inputs. The full scale output at mono out is designed to be about 0dBV. It is not possible to
adjust to a +3dBV output level.

2.3. Analog Mixer

The mixer supports independent gain (-34.5 to +12dB in 1.5dB steps) on each input as well as inde-
pendent mutes on each input. The following inputs are available:

« PortA
e PortC
e PortE
* PortF

2.4. ADC Multiplexers

The 92HD80 codec implements 2 ADC input multiplexers. These multiplexers incorporate the ADC
record gain function (0 to +22.5dB gain in 1.5dB steps) as an output amp and allow a preselection of
one of 7 possible inputs:

« PortA

e PortC

* PortE

* PortF

*  Mixer Output
« DMICO

« DMIC1

2.5. Power Management

The HD Audio specification defines power states, power state widgets, and power state verbs.
Power management is implemented at several levels. The Audio Function Group (AFG) , all con-
verter widgets, and all pin complexes support the power state verb F05/705. Converter widgets are
active in DO and inactive in D1-D3.

The following table describes what functionality is active in each power state.
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2.6.

Function Do D11 D2 D3 D3cold Vendor Vendor
Specific D4 | SpecificD5

SPDIF Outputs On On On(idle) | On(idle)® Off Off Off
Digital Microphone inputs On Off Off Off Off Off Off
DAC On Off Off Off Off Off Off
D2S On Off Off Off Off Off Off
ADC On Off Off Off Off Off Off
ADC Volume Control On Off Off Off Off Off Off
Ref ADC On Off Off Off Off Off Off
Analog Clocks On Off Off Off Off Off Off
GPIO pins On On On On® On On Off
VrefOut Pins On On Off Off Off Off Off
Input Boost On On Off Off Off Off Off
Analog mixer On On Off Off Off Off Off
Mixer Volumes On On Off Off Off Off Off
Analog PC_Beep On On On On Off Off Off
Digital PC_Beep On On On Oon® Off Off Off
Lo/HP Amps On On On | ow Drive? | Low Drive® | Low Drive? Oft
Capless HP Amps On On On | Low Drive? | Low Drive? | Low Drive? Off
BTL Amp On On On Low Drive2 Off Off Off
VAG amp On On On Low Drive3 | Low Drive | Low Drive Off
Port Sense On On On On# Oft Oft Oft
Reference Bias generator On On On On On On Off
Reference Bandgap core On On On On On On Off
HD Audio-Link On On On on® Limited Off Off

Table 5. Power Management

No DAC or ADC streams are active. Analog mixing and loop thru are supported.
VAG is kept active when ports are disabled or in D3/D3cold/D4. PC_Beep is supported in D3 but may be attenuated and

distorted depending on load impedance.

VAG is always ramped up and down gradually, except in the case of a sudden power removal. VAG is active in D2/D3 but

in a low power state.

Both AVDD and DVDD must be available for Port Sense to operate.
Not active if BITCLK is not running (Controller in D3), but can signal power state change request (PME)

The D3-default state is available for HD Audio compliance. The programmable values, exposed via
vendor-specific settings, are under TSI Device Driver control for further power reduction. The analog
mixer, line and headphone amps, port presence detect, and internal references may be disabled
using vendor specific verbs. Use of these vendor specific verbs will cause pops.

The default power state for the Audio Function Group after reset is D3.

AFG DO

The AFG DO state is the active state for the device. All functions are active if their power state (if they
support power management at their node level) has been set to DO.
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2.7. AFGD1

D1 is a lower power mode where all converter widgets are disabled. Analog mixer and port functions
are active. The part will resume from theD1 to theDO state within 1 mS.

2.8. AFG D2

The D2 state further reduces power by disabling the mixer and port functions. The port amplifiers
and internal references remain active to keep port coupling caps charged and the system ready for a
quick resume to either the D1 or DO state. The part will resume from the D2 state to the DO state
within 2mS.

29. AFGD3

The D3-default state is available for HD Audio compliance. All converters are shut down. Port ampli-
fiers and references are active but in a low power state to prevent pops. Resume times may be lon-
ger than those from D2, but still less than 10mS to meet Intel low power goals. The default power
state for the Audio Function Group after power is applied is D3.

The traditional use for D3 was as a transitional state before power was removed (D3 cold) before the
system entered into standby, hibernate, or shut-down. To conserve power, Intel now promotes using
D3 whenever there are no active streams or other activity that requires the part to consume full
power. The system remains in SO during this time. When a stream request or user activity requires
the CODEC to become active, the driver will immediately transition the CODEC from D3 to DO. To
enable this use model, the CODEC must resume within 10mS and not pop. Intel HDA ECR-15b /
Low Power White paper power goals are < 30mW when analog PC_Beep is not enabled, and <
60mW when analog PC_Beep is enabled. (Charge pump and BTL amplifier power excluded.)

While in AFG D3, the HD Audio controller may be in a DO state (HD Audio bus active) or in a D3
state (HD Audio bus held in reset with no Bit_Clk, SData_Out, or Sync activity.) The expected behav-
ior is as follows (see the ECR15b section for more information):

Function HDA Bus active HDA Bus stopped

Port Presence Detect Unsolicited Response Wake Event! followed

state change by an unsolicited
response

GPIO state change Unsolicited Response Wake Event followed by
an unsolicited response

1.The Port Presence detect circuit is currently dependent on a clock and
must be changed to generate a wake event.

2.9.1. AFG D3cold

The D3cold power state is the lowest power state available that does not use vendor specific verbs.
While in D3cold, the CODEC will still respond to bus requests to revert to a higher power state (dou-
ble AFG reset, link reset). However, audio processing, port presence detect, and other functions are
disabled. Per the HD Audio bus ECR 015b, the D3cold state is intended to be used just prior to
removing power to the CODEC. Typically, power will be removed within 200mS. However, the codec
may exit from the D3cold state by generating 2, back-to-back, AFG reset events. Resume time from
D3cold is less than 200mS.
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2.10. Vendor Specific Function Group Power States D4/D5

The 92HD80 introduces vendor specific power states. A vendor defined verb is added to the Audio
Function Group that combines multiple vendor specific power control bits into logical power states
for use by the audio driver. The 2 states defined offer lower power than the 5 existing states defined
in the HD Audio specification and ECR15b. The Vendor Specific D4 state provides lower digital
power consumption relative to D3cold by disabling HD Audio link responses. Vendor specific D5 fur-
ther reduces power consumption on the digital supply by turning off GPIO drivers, and reduces ana-
log power consumption by turning off all analog circuitry except for reset circuits.

States D4/D5 are not entered until D3cold has been requested. Software can pre-program the D4 or
D5 state as a re-definition of how the part will behave when the D3cold power state is requested or
software may enter D3cold, then set the D4 or D5. The preferred method is to request D3cold, then
select D4 or D5 as desired.This will reduce the severity of pops encountered when entering D4 or
D5.

Both power states require a link reset or removal of DVDD to exit.

The CODEC may pop when using these verbs and transition times to an active state (D1 or DO for
example) may take several seconds.

2.11. Low-voltage HDA Signaling

The 92HD80 codec is compatible with either 1.5V or 3.3V HDA bus signaling; the voltage selection is
done dynamically based on the input voltage of DVDD_|O.

DVDD_IO is currently not a logic configuration pin, but rather provides the digital power supply to be
used for the HDA bus signals.

When in 1.5V mode, the 92HD80 codec can correctly decode BITCLK, SYNC, RESET# and SDO as
they operate at 1.5V; additionally it will drive SDI and SDO at 1.5V. None of the GPIOs are affected,
as they always function at their nominal voltage (DVDD or AVDD).

2.12. Multi-channel capture

The capability to assign multiple “ADC Converters” to the same stream is supported to meet the
microphone array requirements of Vista and future operating systems. Single converter streams are
still supported this is done by assigning unique non zero Stream IDs to each converter. All capture
devices (ADCs 0 and 1) may be used to create a multi-channel input stream. There are no restric-
tions regarding digital microphones.

The ADC Converters can be associated with a single stream as long the sample rate and the bits per
sample are the same. The assignment of converter to channel is done using the “CnvtrID” widget
and is restricted to even values. The ADC converters will always put out a stereo sample and there-
fore require 2 channels per converter.

The stream will not be generated unless all entries for the targeted converters are set identically, and
the total number of assigned converter channels matches the value in the NmbrChan field. These
are listed the “Multi-Converter Stream Critical Entries.” table.

An example of a 4 Channel Steam with ADCO supplying channels 0&1 and ADC1 supplying chan-
nels 2 & 3 is shown below. A 4 Channel stream can be created by assigning the same non-zero
stream id “Strm= N” to both ADCO and ADC1. The sample rates must be set the same and the num-
ber of channels must be set to 4 channels “NmbrChan = 0011”.
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ADC1 CnvtriD (NID = 0x08)

[3:0] Ch=2
ADCO CnviriD (NID = 0x07)

[3:0] Ch=0

Table 6. Example channel mapping

Figure 1. Multi-channel capture

ADCO.CwitDChannel =0 [ T Deta ADCO ADCO ADCH ADC1
ADC1.OnvitiDChannel =2 | o' | Length | LeftChannel | RightChamnel | LeftChannel | Right Channel
ADCOCwitDChannel =2 [ T Deta ADC1 ADCT ADCO ADCO
ADC1.OnvitiDChannel =0 | o' | Length | LeftChannel | RightChamnel | LeftChannel | Right Channel

The following figure describes the bus waveform for a 24-bit, 48KHz capture stream with ID set to 1.

Figure 2. Multi-channel timing diagram

-~ [y —I—t—Ju—IuL

ADC1 | ADC1

ADC1

SDI 0

Lo R23

ADC[1:0] Cnvtr Bit Number Sub Field Name Description
[15] StrmType Stream Type (TYPE):

0: PCM

1: Non-PCM (not supported)
[14] FrmtSmplRate Sample Base Rate

0= 48kHz

1=44 1KHz

[13:11] SmplRateMultp Sample Base Rate Multiple
000=48kHz/44.1kHz or less
001=x2

010= x3 (not supported)
011=x4

100-111= Reserved

Table 7: Mult-channel
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[10:8] SmplRateDiv Sample Base Rate Divisor

000= Divide by 1

001= Divide by 2 (not supported)
010= Divide by 3 (not supported)
011= Divide by 4 (not supported)
(
(

100= Divide by 5 (not supported)

101= Divide by 6 (not supported)

110= Divide by 7 (not supported)

111= Divide by 8 (not supported)

[6:4] BitsPerSmpl Bits per Sample

000= 8 bits (not supported)

001= 16 bits

010= 20 bits

011= 24 bits

100-111= Reserved

[3:0] NmbrChan Number of Channels

Number of channels for this stream in each “sample
block” of the “packets” in each “frame” on the link.
0000=1 channel (not supported)

0001 = 2 channels

1111= 16 channels.

[7:4] Strm Software-programmable integer representing link
stream ID used by the converter widget. By conven-
tion stream 0 is reserved as unused.

[3:0] Ch Integer representing lowest channel used by con-
verter.

0 and 2 are valid Entries

If assigned to the same stream, one ADC must be
assigned a value of 0 and the other ADC assigned a
value of 2.

Table 7: Mult-channel

2.13. Digital Microphone Support

The digital microphone interface permits connection of a digital microphone(s) to the CODEC via the
DMICO, DMIC1, and DMIC_CLK 3-pin interface. The DMICO and DMIC1 signals are inputs that carry
individual channels of digital microphone data to the ADC. In the event that a single microphone is
used, the data is ported to both ADC channels. This mode is selected using a vendor specific verb
and the left time slot is copied to the ADC left and right inputs.

The DMIC_CLK output is controllable from 4.704Mhz, 3.528Mhz, 2.352Mhz, 1.176Mhz and is syn-
chronous to the internal master clock. The default frequency is 2.352Mhz.

The two DMIC data inputs are reported as two stereo input pin widgets that incorporate a boost
amplifier. The pin widgets are shown connected to the ADCs through the same multiplexors as the
analog ports. Although the internal implementation is different between the analog ports and the dig-
ital microphones, the functionality is the same. In most cases, the default values for the DMIC clock
rate and data sample phase will be appropriate and an audio driver will be able to configure and use
the digital microphones exactly like an analog microphone.

To conserve power, the analog portion of the ADC will be turned off if the D-mic input is selected.
When switching from the digital microphone to an analog input to the ADC, the analog portion of the
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ADC will be brought back to a full power state and allowed to stabilize before switching from the dig-
ital microphone to the analog input. This should take less than 10mS.

DMIC pin widgets support port presence detect directly using SENSE-B input.

The codec supports the following digital microphone configurations:

Digital Mics Data Sample ADC Conn. Notes
0 N/A N/A No Digital Microphones
1 Single Edge 0,or1 Available on either DMIC_0 or DMIC_1
When using a microphone that supports multiplexed operation (2-mics
can share a common data line), configure the microphone for “Left” and
select mono operation using the vendor specific verb.
“Left” D-mic data is used for ADC left and right channels.
2 Double Edge on 0,or1 Available on either DMIC_0 or DMIC_1, External logic required to support
either DMIC_O or sampling on a single Digital Mic pin channel on rising edge and second
1 Digital Mic right channel on falling edge of DMIC_CLK for those digital
microphones that don’t support alternative clock edge (multiplexed output)
capability.
3 Double Edge on 0, or1 Requires both DMIC_0 and DMIC_1, External logic required to support
one DMIC pin and sampling on a single Digital Mic pin channel on rising edge and second
Single Edge on Digital Mic right channel on falling edge of DMIC_CLK for those digital
the second DMIC microphones that don’t support alternative clock edge (multiplexed output)
pin. capability. Two ADC units are required to support this configuration
4 Double Edge 0, or1 Connected to DMIC_0 and DMIC_1, External logic required to support
sampling on a single Digital Mic pin channel on rising edge and second
Digital Mic right channel on falling edge of DMIC_CLK for those digital
microphones that don’t support alternative clock edge capability. Two
ADC units are required to support this configuration
Power State | DMIC Widget DMIC_CLK DMIC_0,1 Notes
Enabled? Output
DO Yes Clock Capable | Input Capable | DMIC_CLK Output is Enabled when either DMIC_0 or
DMIC_1 Input Widget is Enabled. Otherwise, the
DMIC_CLK remains Low
D1-D3 Yes Clock Input Disabled | DMIC_CLK is HIGH-Z with Weak Pull-down
Disabled
D0-D3 No Clock Input Disabled | DMIC_CLK is HIGH-Z with Weak Pull-down
Disabled
D4 - Clock Input Disabled | DMIC_CLK is HIGH-Z with Weak Pull-down
Disabled
D5 - Clock Input Disabled | DMIC_CLK is HIGH-Z with Weak Pull-down
Disabled
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Figure 3. Single Digital Microphone (data is ported to both left and right channels
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D
DMIC_0

OR Single Line In

DMIC_1

DMIC_CLK
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Figure 4. Stereo Digital Microphone Configuration
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Note: Some Digital Microphone Implementations support data on either edge, therefore, the
external mux may not be required.
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Figure 5. Quad Digital Microphone Configuration
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Note: Some Digital Microphone Implementations support data on either edge, in this case the

external multiplexer isn’t required.
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2.14. Analog PC-Beep

The codec does not support automatic routing of the PC_Beep pin to all outputs when the HD-Link is
in reset. Analog PC-Beep may be supported during HD-Link Reset if analog PC_Beep is manually
enabled before entering reset and the level shifters are locked. Analog PC_Beep is mixed at the port
and only ports enabled as outputs will pass PC_Beep. Analog PC_Beep (or a digital equivalent)
must not prevent passing WLP when analog PC_Beep is enabled. Analog PC_Beep, when enabled,
must not prevent other audio sources from playing (we must mix not mux.) An activity monitor will
allow the BTL amplifier (and cap-less headphone amplifiers if possible) to remain in shutdown when
the function group is in D3 until the beep pin is active and then quickly change to an active state
(within 10mS) to pass the beep tone. Beeps from ICH (from Beep.sys) can have a frequency of
about 37Hz to about 32KHz. Beep duration is programmable from 1mS to about 32 seconds. A typi-
cal beep under Windows XP is 500Hz or 2KHz and lasts 75ms or 150mS. Due to external XOR
gates used as mixers, the idle state may be logic 0 or logic 1.

PC-Beep may be attenuated and distorted when the CODEC is in D3 depending on the load imped-
ance seen by the output amplifier since all ports are in a low power state while in D3. Load imped-
ances of 10K or larger can support full scale outputs but lower impedance loads will distort unless
the output amplitude is reduced.

Analog PC_Beep is not supported in D3 Cold, or the vendor specific states D4/D5.

2.15. Digital PC-Beep

This block uses an 8-bit divider value to generate the PC beep from the 48kHz HD Audio Sync
pulse. The digital PC_Beep block generates the beep tone on all Pin Complexes that are currently
configured as outputs. The HD Audio spec states that the beep tone frequency = (48kHz HD Audio
SYNC rate) / (4*Divider), producing tones from 47 Hz to 12 kHz (logarithmic scale). Other audio
sources are disabled when digital PC_Beep is active.

It should be noted that digital PC Beep is disabled if the divider = 00h.

PC-Beep may be attenuated and distorted when the CODEC is in D3 depending on the load imped-
ance seen by the output amplifier since all ports are in a low power state while in D3. Load imped-
ances of 10K or larger can support full scale outputs but lower impedance loads will distort unless
the output amplitude is reduced. Digital PC_Beep requires a clock to operate and the CODEC will
prevent the system from stopping the bus clock while in D3 by setting the Clock_Stop_OK bit to 0 to
indicate that the part requires a clock.

2.16. Headphone Drivers

The codec implements capless headphone outputs. The Microsoft Windows Logo Program allows
up to the equivalent of 100ohms in series. However, an output level of +3dBV at the pin is required to
support 300mV at the jack with a 32ohm load and 1V with a 320 ohm load. Microsoft allows device
and system manufactures to limit output voltages to address EU safety requirements. (WLP 3.09 -
please refer to the latest Windows Logo Program requirements from Microsoft.)

The capless headphone drivers are supplied with +/-2.5V derived from AVDD. Therefore, it is possi-
ble to run the headphone supply from 5V and maintain ~60mW peak output power into 32 ohm
headphones. Headphone performance will degrade if more than one port is driving a 32 ohm load.
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2.17. EAPD

The EAPD pin (pin 47) is a dedicated, bi-directional control pin. Although named External Amplifier
Power Down (EAPD) by the HD Audio specification, this pin operates as an external amplifier power
up signal. The EAPD value is reflected on the EAPD pin; a 1 causes the external amplifier to power
up (equivalent to DO), and a 0 causes it to power down (equivalent to D3.) When the EAPD value =
1, the EAPD pin must be placed in a state appropriate to the current power state of the associated
Pin Widget even though the EAPD value (in the register) may remain 1. The default state of this pin
is 0 (driving low.) The pin defaults to an open-drain configuration (an external pull-up is recom-
mended.)

Per the HD Audio specification and ECR15b, multiple ports may control EAPD. The EAPD pin
assumes the highest power state of all the EAPD bits in all of the pin complexes. The default value of
EAPD is 1 (powered on), but the FG power state will override and the pin will be low. A port will
request External Amp Power Up when its power state is active (FG and pin widget power state is D1
or DO) or (Analog PC_Beep is enabled and port is enabled as an output) and the port's EAPD bit is
set to 1. The state of the EAPD pin (unless configured as an input or held low by an external circuit
when configured as an open drain output) will be the logical OR of the external amp power up
requests from all ports.

By default, the EAPD pin also functions as the Mute#/ShutDown# input for the internal BTL amplifier.
In this mode, a low value at the pin (either due to internal EAPD being 0, or to an external entity forc-
ing the pin low) will cause the internal BTL amplifier to mute or enter a low power state depending on
the amplifier configuration. (See below)

Vendor specific verbs are available to configure this pin. These verbs retain their values across link
and single function group resets but are set to their default values by a power on reset:

MODE1 MODEO EAPD Pin Function Description
0 0 Open Drain 1/0 Value at pin is wired-AND of EAPD bit and external signal. (default)
CMOS Output Value of EAPD bit in pin widget is forced at pin

1
0 CMOS Input External signal controls internal amps. EAPD bit in pin widget ignored
1

A lalo

CMOS Input External signal controls internal amps. EAPD bit in pin widget ignored

Control Flag Description

EAPD PIN
MODE 1:0

BTL/HP SD 0 = Amp controlled by EAPD pin only (default) / 1 = Amp controlled by power state (pin and FG) only

BTL/HP SD
MODE

Defines if EAPD pin is used as input, output, or bi-directional port (Open Drain)

0 = Amp will mute when disabled. / 1 = Amp will shut down (enter a low power state) when disabled (default)

0 = AMP will power down (or mute) when EAPD pin is low (default) / 1 = Amp will power down (or mute) when EAPD

BTL/HP SDINV | ~. . " .
pin is high.
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BTL SD B“;II-(;DSED BTL SD INV EA;aDt:m Amp State

0 0 0 0 Amplifier is mute

0 0 0 1 Amplifier is active

0 0 1 0 Amplifier is active

0 0 1 1 Amplifier is mute

0 1 0 0 Amplifier is in a low power state (default”)

0 1 0 1 Amplifier is active

0 1 1 0 Amplifier is active

0 1 1 1 Amplifier is in a low power state

1 0 NA NA Amplifier follows pin/fun\;trizr; %g;glggwer state and will mute

1 1 NA NA Amplifier follows pin/function group power state and will enter a
low power state when disabled

Table 8. BTL Amp Status

1.EAPD bit is set to one by default but the EAPD state is 0 after power-on reset because the function group is not in
DO0. The state after a single or double function group reset will be compliant with ECR15b.

HP SD HP SD HP SDINV | EAPD Pin Headphone Amp State
MODE State
0 0 0 0 Amplifier is mute
0 0 0 1 Amplifier is active
0 0 1 0 Amplifier is active
0 0 1 1 Amplifier is mute
0 1 0 0 Amplifier is in a low power state (default1)
0 1 0 1 Amplifier is active
0 1 1 0 Amplifier is active
0 1 1 1 Amplifier is in a low power state
1 0 NA NA Amplifier follows pin/function group power state and will
mute when disabled
Amplifier follows pin/function group power state and will
1 1 NA NA )
enter a low power state when disabled

Table 9. Headphone Amp Enable Configuration

1.EAPD bit is set to one by default but the EAPD state is 0 after power-on reset because the function group
is not in DO. The state after a single or double function group reset will be compliant with ECR15b.

BEEP EAPD Pin value' Description
Override
0 Forced to low when in D2 | Follows description in HD Audio spec. External amplifier is shut down when pin or function
or D3 group power state is D2 or D3 independent of value in EAPD bit.
1 Always follows EAPD bit Power state is ignored and EAPD pin foillr:)vlslz I:ﬁ\:g;)lt value only to allow PC_Beep support

Table 10. EAPD Low Power Behavior
1. When pin is enabled as Open Drain or CMOS output.
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AFG RESET# BEEP EAPD Pin Behavior

Power Override Power State

State

DO0-D3 |Asserted (Low) - - Active low immediately after power on, otherwise the
previous state is retained across FG and link reset events

Do De-Asserted (High) - - Active - Pin reflects EAPD bit unless held low by external
source.

D1 De-Asserted (High) - D0-D1 Active - Pin reflects EAPD bit unless held low by external
source.

D2 De-Asserted (High) Disabled D0-D2 Pin forced low to disable external amp

D2 De-Asserted (High) Enabled DO0-D2 Active - Pin reflects EAPD bit unless held low by external
source.

D3 De-Asserted (High) Disabled D0-D3 Pin forced low to disable external amp

D3 De-Asserted (High) Enabled D0-D3 Active - Pin reflects EAPD bit unless held low by external
source.

D3cold De-Asserted (High) - - Pin forced low to disable external amp

D4 De-Asserted (High) - - Pin forced low to disable external amp

D5 De-Asserted (High) - - Pin Hi-Z (off)

Table 11. EAPD Behavior

Figure 6. HP EAPD Example to be replaced by single pin for internal amp

HP AUDIO CONTROL BLOCK DIAGRAM

SYNC FROM KBC TO OS

» OS
A
SCAN :
CODES SYNC FROM AUDIO GUI TO KBC % v
: A _EAPD GPIO_1
MUTE + KBC -
UP/DOWN N CODEC
BUTTONS A_SD
(MUTE LED ON
SAME BOARD)
SPKR_EN#
SPKR AMP
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VDD
Internal
Headphone Inte;gal BTL
Amp mp
SD/Mute | | somute
EAPD SD#
>
External
— Power Amp
EAPD PIN k— <
Control SMU MUTE ] OTHER —
CODEC

2.18. BTL Amplifier

An integrated class-AB stereo BTL amplifier is provided to directly drive 4 ohm speakers 2W @
4.75V) or 8 ohm speakers (1W @ 4.75V). No external filter is needed for cable runs of 18” or less.
An internal DC blocking filter prevents distortion when the audio source has DC content, and pre-
vents unintentional power consumption when pausing audio playback. The amplifier may be con-
trolled using the EAPD pin (see EAPD section.)

Using a vendor specific verb, the BTL amplifier may be configured to support a mono speaker con-
nected to the L +/- pins. In this mode, the Left and Right audio is mixed and sent to the left output
only. The right channel is turned off to conserve power.

The BTL amplifier includes thermal management circuitry. When the CODEC reaches a temperature
of about 135 degrees, the output amplitude of the BTL amp is gradually lowered until the tempera-
ture falls below 135.

Maximum gain for the BTL amplifier is programmable. The following 4 gain settings relative to a
nominal line output are desired: +6.5dB, +9.5dB, +14.5dB and +16.5dB. Absolute gain may vary and
the suggested accuracy is +/-1.5dB. The gain is exposed in a vendor specific widget and is intended
to mimic the pin programmable gain implemented in discrete BTL amplifiers commonly used in note-
book computers.

2.19. BTL Amplifier High-Pass Filter

2.19.1.

TSI™ CONFIDENTIAL

For mobile applications, speakers are often incapable of reproducing low frequency audio and
unable to handle the maximum output power of the BTL amplifier. A high-pass filter is implemented
in the DAC output path to reduce the amount of low frequency energy reaching speakers attached to
the BTL amplifier. This can prevent speaker failure.

Filter Description

The high-pass filter is derived from the common biquadratic filter and provides a 12dB/octave roll-off.
The filter may be programmed for a -3dB response at: 100Hz, 200Hz, 300Hz, 400Hz, 500Hz, 750Hz,
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1KHz, or 2KHz. The high pass filter is enabled by default with a cut-off

frequency of 300Hz. The filter may be bypassed using the associated verb (processing state verb).

The filter is implemented in digital before the Digital to Analog converter. There are 2 major conse-
quences to implementing the filter in the digital domain:

1. All ports connected to the DAC will be affected by the high-pass filer when it is enabled.

2. Analog paths (such as when the microphone input is routed through the mixer to the BTL ampli-
fier) are not affected.

Like the other analog inputs, PC_Beep is not affected by the digital high-pass filter. To ensure that
the speakers attached to the BTL amplifier are not harmed by low frequency audio entering the
PC_Beep input, an external filter must be implemented. Fortunately, it is common practice to imple-
ment an attenuation circuit and DC blocking capacitor at the PC_Beep input. This attenuator/filter is
easily adjusted to restrict low frequency audio. The easiest approach is to reduce the value of the
DC blocking capacitor but other approaches are equally effective.

2.20. GPIO

2.20.1. GPIO Pin mapping and shared functions

GPIO | Pin Supply | SPDIF |SPDIF |GPI/O |GPI |GP |VrefOut DMIC |VOL Pull Pull
# In Out (0] Up Down
0 46 DVDD YES YES IN 50K
1 2 DVDD YES CLK 50K
2 4 DvDD YES IN 50K

2.20.2. SPDIF/Digital Microphone/GPIO Selection

3 functions are available on the DMIC_1/GPIO0/SPDIFOUT1 pin (pin 46). To determine which func-
tion is enabled, the order of precedence is followed:

3. Ifthe GPIOs are enabled, they override both SPDIF_OUT and Digital Mics

4. If the GPIOs are not enabled through the AFG, then at reset, the pin is pulled low by an internal
pull-down resistor.

5. If the port is enabled as an input, the digital microphones will be used.
6. |If the port is enabled as an output, the SPDIF output will be used.

7. Inthe event that the port is enabled as an input and an output, the port will be an output and the
Digital Mic path will be mute.

2.20.3. Digital Microphone/GPIO Selection

2 functions are available on the DMIC_CLK/GPIO1 (pin 2) and the DMIC_0/GPIO2 (pin 4) pins. To
determine which function is enabled, the order of precedence is followed:

1. If GPIOs are not enabled through the AFG, then at reset, pins 2 and 4 are pulled low by an inter-
nal pull-down resistor.

2. Ifthe GPIO 1 is enabled, the 2 DMIC pins become mute (unless programmed for GPIO or SPDIF
use) and pin 2 becomes an internal pull-down.If GPIO2 is enabled through the AFG, pin 4
becomes a GPIO and is pulled low by an internal pull-down resistor.

3. Ifthe portis enabled as an input, the digital microphones will be used.
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4. If the port is not enabled as an input or if the pin is configured as a GPIO, the digital microphone
path will be mute.

2.21. HD Audio HDA015-B support

Although HDA015-B is not yet complete (not a DCN), the 92HD81 will implement complete support
for the specification building on the support already present in previous products. ECR 15b features
supported are:

« Persistence of many configuration options through bus and function group reset.

+ The ability to support port presence detect in D3 even when the HD Audio bus is in a low power
state (no clock.)

+ Fast resume times from low power states: 1ms D1 to DO, 2ms D2 to DO, 10mS D3 to DO.

* Notification if persistent register settings have been unexpectedly reset.

+ SPDIF active in D3 (required)

2.22. Digital Core Voltage Regulator

The digital core operates from 1.4 to 1.98V making it compatible with 1.5V (5%) and 1.8V (10%) sup-
ply voltages. Many systems require that the CODEC use a single 3.3V digital supply, so an inte-
grated regulator is included on die. (Parts may be ordered with the regulator disabled). The regulator
uses pin 9, DVDD, as its voltage source. The output of the LDO is connected to pin 1 and the digital
core. A 10uF capacitor must be placed on pin 1 for proper load regulation and regulator stability.

The digital core voltage regulator is only dependent on DVDD. DVDDIO may be either 3.3 or 1.5V
and may proceed or follow DVDD in sequence. The CODEC digital logic and 1/O (unless referenced
to AVDD) will operate in the absence of AVDD. DVDD and AVDD supply sequencing for the applica-
tion of power and the removal of power is neither defined nor guaranteed. It is common for desktop
systems to supply AVDD from the system standby supply and the CODEC will tolerate, indefinitely,
the condition where AVDD is active but DVDD and DVDDIO are inactive.

To prevent pops, software is expected to mute paths as close to the port as is possible when chang-
ing power states or signal topology.
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2.23. Aux Audio Support

See Orderable Part Numbers for which codecs offer this feature.

The codec supports an auxiliary audio mode where analog audio is supported by default after power
is supplied with the HD Audio bus disabled. In this mode, an analog input is routed to one of several
output ports depending on jack presence detection.

2.23.1. General conditions in Aux Audio Mode:

+ HD Audio Link is off (RST# is 0, active, and BitClk is 0, inactive. CODEC does not need to mon-
itor BitClk to enter/exit this mode but must not depend on BitClk to operate.)

* HD Audio CODEC analog and digital supplies are active.

+ Port A may be an optional headphone jack (Normal and Aux Audio Mode) or an internal micro-
phone port (Normal Mode only)

* Port B connects to the system headphone jack.

+ Port D connects to the internal speakers.

+ Port E is AUX Audio out

+ Port Fis AUX Audio In

» The internal digital microphone clock is controlled by a source external to the CODEC and the

CODEC will use the DMIC_CLK pin as a clock input. The DMICO input is used to process 1 or 2
digital microphone inputs. The expected clock is 3.072MHz.

+ EAPD is used to control the power state of the mixer, BTL amplifier, and headphone amplifiers.
The amplifiers are off if EAPD is held low.

* Internal circuitry will delay enabling (change power state, un-mute, etc.) the output amplifiers a
sufficient amount of time after the application of power or EAPD=1 to prevent pops.

* Internal circuitry will orchestrate power down (EAPD = 0) to prevent pops.

* EAPD must be forced low before removing power.

+ ECR15b considerations: Clock Stop OK or similar communication will be used to prevent prob-
lems when an OS driver attempts to put the HD Audio bus controller into D3 to save power. The
bus must not be placed into reset with the clock stopped or unless EAPD is forced low or D3cold
has been set. The Enable bit in the Aux Audio vendor specific verb is provided so firmware or
other software can disable Aux Audio support and allow stopping the HD Audio bus when an OS
is in an active state. The default value of this bit is determined by a bond option and may be
determined by reading the device ID. This bit only returns to its default value when a power on
reset event is generated.

2.23.2. “Playback Path” Port Behavior

Port F (Aux Audio In) input is routed to Port D (“internal speakers”), Ports A&B (system headphone
ports), and Port E (Aux Audio Out) through the analog mixer.
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2.23.2.1. When Port E Aux Audio Out presence detect = 0

»  Presence detect for Port E = 0 (nothing plugged in)

« Port F Aux Audio input is routed to Port A, B, or D when that port is active.

» If either Port A or Port B is in use (port presence detect = 1), Port D, internal speakers, will be
inactive (off)

« The power supply for Port A and B will be active if either A or B is in use but if only one of the two
ports is in use, the other may be turned off to save power.

» If neither Port A nor Port B is in use (port presence detect = 0), Port D, internal speakers, will be
active and ports A and B will be inactive.

. EAPD is used to indicate if AUX Audio Mode is in use.

2.23.2.2. When Port E Aux Audio Out presence detect = 1
* Presence detect for Port E = 1 (something plugged in)

* Port F Aux Audio input is routed to Ports A, B

* Port D is disabled

» If either Port A or Port B is in use (port presence detect = 1), that port will be enabled and output
the audio entering Port F.

« The power supply for Port A and B will be active if either A or B is in use but if only one of the two
ports is in use, the other may be turned off to save power.

» If neither Port A nor Port B is in use (port presence detect = 0), ports A and B will be inactive and
the audio on Port F will play through the dock using resources outside of the CODEC.

. EAPD is used to indicate if AUX Audio Mode is in use.

Digitsl PC Bagp | Analog Beep.
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EAPD Aux PortE | PortB | Port A PortC,D, F, PortD Port B Port A
(pin) Support | detect | detect | detect DMIC detect behavior behavior behavior
Enable’
0 NA NA NA NA NA disabled disabled disabled
1 0 NA NA NA NA Widget Widget Widget
controlled controlled controlled
1 1 0 0 0 NA F ti“riti’)ietg D) disabled disabled
. . enabled
1 1 0 0 1 NA disabled disabled (F to mix to A)
. enabled .
1 1 0 1 0 NA disabled (F to mix to B) disabled
. enabled enabled
1 1 0 L ! NA disabled (Fto mixto B) | (F to mix to A)
1 1 1 0 0 NA disabled disabled disabled
. . enabled
1 1 1 0 1 NA disabled disabled (F to mix to A)
. enabled .
1 1 1 1 0 NA disabled (F to mix to B) disabled
1 1 1 1 1 NA disabled enabled enabled

(FtomixtoB) | (F to mixto A)

1.default value for Aux Audio Enable is determined by bond option.

2.23.3. “Record Path” Port Behavior

Digital Microphone input DMICO is used as an internal microphone port. The Digital Microphone
clock pin is used as a clock input. The data on the DMICO pin is converted into analog audio using
DAC 0 and sent to Port E (Aux Audio Out.) The expected clock input rate is 3.072MHz. Although this
rate is not guaranteed, existing digital microphones are operated from about 1.5-3.2MHz. The
CODEC does not provide gain for the digital microphone path in this mode and external gain of
20-30dB implemented at the output of Port E is expected for acceptable operation. Any DC offset
from the digital microphone is removed by the AC coupling caps required on Port E.

If Port F presence detect = 0, this indicates that nothing is plugged into Aux Audio In and the digital
microphone input is sent to port E. If Port F presence detect = 1, this indicates that an external
source is plugged into the Aux Audio In. The DAC and Port E are disabled.
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+0/+10/+20/+30 dB

DMIC_0 DMIC_0

Pin 4

DMIC_CLK
Pin 2

—® PORTE Aux Audio Out

Pin Complex (Disabled if Port
Pins 15/16 :
F in use)

EAPD Aux DMic | PortF | Ports A,B, C, Port E behavior
(pin) Support | detect | detect D, E detect
Enable’
0 X X X NA disabled
0 X X NA Widget controlled
DMIC routed through CODEC DAC to port E. DMIC
1 1 1 0 NA Clock provided from external source through DCLK
pin. 3.072MHz typ.
1 1 1 1 NA CODEC DAC and Port E disabled

2.23.4.

2.23.5.

2.23.6.

TSI™ CONFIDENTIAL

1.default value for Aux Audio Enable is determined by bond option.

EAPD

Since the Aux Audio mode overrides the default behavior but not the actual port settings when in
reset, the logical state of the EAPD pin must be overridden as well. When Aux Audio mode is
enabled and the part is in reset as described above, the logical state of EAPD will be 1 (External
Amplifier Powered Up) unless held low by an external circuit. This ensures that audio pass-thru and
analog PC_Beep will be supported.

Analog PC_Beep

Analog PC_Beep may be supported in Aux Audio mode. By default, analog PC_Beep is disabled. If
the CODEC is programmed to enable analog PC_Beep and Aux Audio mode is enabled, the next
time reset is asserted, the analog PC_Beep pin will be mixed at each of the active outputs.

Firmware/Software Requirements:

If it is desirable to stop the HD Audio bus while the CODEC is in D3 under OS control per ECR-15b,
Firmware must disable the AUX Audio Mode support in the CODEC prior to loading the OS. If Aux
Audio Mode is not disabled in the CODEC, the CODEC will report to the OS driver that stopping the
bus clock while the CODEC is in D3 is not supported or not available.
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3. CHARACTERISTICS

3.1. Electrical Specifications

3.1.1. Absolute Maximum Ratings

Stresses above the ratings listed below can cause permanent damage to the 92HD81. These rat-
ings, which are standard values for TSI commercially rated parts, are stress ratings only. Functional
operation of the device at these or any other conditions above those indicated in the operational sec-
tions of the specifications is not implied. Exposure to absolute maximum rating conditions for
extended periods can affect product reliability. Electrical parameters are guaranteed only over the
recommended operating temperature range.

Item Pin Maximum Rating
Analog maximum supply voltage Avdd | 6 Volts
Digital maximum supply voltage Dvdd | 5.5 Volts
VREFOUT output current 5 mA
Voltage on any pin relative to ground Vss-0.3VtoVdd+0.3V
Operating temperature 0°Cto+70°C
Storage temperature -55°Cto +125°C
Soldering temperature Sold.ering temperature information for all available in the package
section of this datasheet.

Table 12. Electrical Specification: Maximum Ratings

3.1.2. Recommended Operating Conditions

Parameter Min. Typ. Max. Units
Power Supplies DVDD_Core 1.4 1.98
DVDD_IO (3.3V signaling) 3.135 3.3 3.465 \
DVDD_IO (1.5V signaling) 1.418 1.5 1.583 \
Power Supply Voltage Digital - 3.3 V 3.135 3.3 3.465 \%
(Note: With Supply Override Analog -4V 3.8 4 4.2 \Y,
Enable Bit set to force 5V
operation.) Analog - 4.5V 4.51 4.75 4.99 \Y
Analog -5V 4.75 5 5.25 \Y
Ambient Operating Temperature 0 +70 °C
Case Temperature Tease (48-QFN) +95 °C

Table 13. Recommended Operating Conditions

ESD: The 92HD81 is an ESD (electrostatic discharge) sensitive device. The human body and test equipment can
accumulate and discharge electrostatic charges up to 4000 Volts without detection. Even though the 92HD81 implements
internal ESD protection circuitry, proper ESD precautions should be fol