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INTRODUCTION:

The LM4935 Software provides easy read/write access to the data registers of the LM4935 audio
subsystem through an 12C/SPI control interface. This manual will provide instruction on how to
use this software with the LM4935 Demoboard and associating USB interface card. Furthermore,
examples will be provided on using the software to program the headphone and high efficiency
loudspeaker outputs, setting the PLL, and other features of the LM4935 audio subsystem.

INSTALLATION:

The LM4935 software is built on a new Microsoft® .NET Framework. It may require that

Microsoft® .NET Framework Software Development Kit (SDK) version 1.1 be installed in your
computer, which is downloadable through the Microsoft® website!. The LM4935 software setup
file will automatically install Microsoft® .NET Framework Software Development Kit (SDK) version 1.1
if your PC requires it. An internet connection is not required since Microsoft® .NET Framework
Software Development Kit (SDK) version 1.1 is already included in the LM4935 software package.
Installation of the SDK may take a few minutes. Once that is completed the rest of the installation
process is fast.

The following steps should be followed:

Step 1: Uninstall any previous version, if any, from Control Panel/Add Remove Program/ LM4935
I2C SPI interface.

Step 2: Unzip the LM4935 software.
Step 3: Run the Setup.exe file.

Step 4: The LM4935.exe file will be installed to your desktop as well as the folder you specified
during the installation process.

Step 5: Please make sure that the LM4935 Demoboard and USB Interface Card are properly
connected to your PC and that proper power is applied to the LM4935 Demoboard. Please refer
to the LM4935 Evaluation Package Instructions for details on how to accomplish this.

Step 6: Run the LM4935.exe file. The LM4935 software will run properly ONLY if Step 5 is
completed.
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OVERVIEW:

The LM4935 Software is divided up into three main sections: Menu Bar, Tabs Control, and Status
Register and Bar. (please refer to Figure 1)

1) The Menu Bar contains File, Control, Settings and Help Options:
File: Exits program
Control: Switches between 12C and SPI mode. Switching between 12C and SP1 will
initialize all of the data registers back to their default settings of zero.
Settings: Sets the USB interface board’s regulated output voltage to 3V or 3.8V. The
Disable Polling option can be activated to disable continuous polling on the I2C/SPI
interface bus. Continuous polling is desirable whenever constant feedback from the
Status Register or the SAR is required. Enabling the Disable Polling option increases
the efficiency of the LM4935 software program. Note: If Disable Polling is activated the
Status Register can still be read in by clicking the Read button located in the Status
Register section.
Help: Contains the About box, which can be used to check Version number of the
software.

2) Tabs Controls are further divided up to following:

Basic: Contains the main functionality of the LM4935 chip.

Interface: Contains I12S and PCM options.

AGC: Contains Automatic Gain Control settings.

PLL: Contains PLL control settings.

SAR: Provides SAR options and triggering capability.

Advanced: Provides read/write access to any register using brute force.

3) The Status Register and Bar provide feedback on the communication status between the USB
interface card/LM4935 Demoboard to the LM4935 software. The Status Bar has useful messages
that provide feedback on the communication status of the 12C/SPI control interface.

Status Messages (please refer to Figure 1):

1) If there is a proper connection between the PC and the LM4935 Demoboard/USB interface
card, the message ‘USB Connected’ will appear. If there is no proper connection than ‘USB I/O
error’ will appear.

2) For I2C mode, an ‘All ACK’ message indicates a successful 12C read/write, an ‘I2C ACK
missing’ message indicates. For SPI mode the message ‘SPI Mode’ appears.
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3) Shows two hex numbers. The first number shows the data register address (0x3h) and the
second number shows the data byte (0x00h). (Figurel)

LM4935 I12C/SPI Interface

Fle Control Sefttngs Help

BASIC | AGC | INTERFACE | PLL | SAR | ADVANCED | ﬁ
f* PowerDown  StandBy ¢ Active wfo HF Detection ¢ Active with HF Detection
HP STEREO MODE BYPASS CAP SIZE DEFAULT
£ 0CL & SE " Enahle ™ Disakle  01uF O TuF € 220F © 47uF
OCLVOLTAGE | | MICBIAS Y VOLUME CONROL
o " kin hdax LEFT
EXTINT ul | SOURCE
MIC SELECT & 20v2.0v 1| 255 aB) et ALY
FESVEEV _EI'""""""""'""""""I
ONT O EXT Vel BOOST & DAC
C 2By ul | A
INTERMAL MIC — | € 33V.2.5V T/ [ 465 5]
el v RIGHT
© SE ~ DIFF . BOOST SBBLTFICE
! ) ISR DAC
T/ C AUX
CP_OUTPUT | [ HP_OUTPUT | A .
~ e MUTE F SDE MUTE | | W | @Cp * DAC
I RIGHT = SEHT 7| J -INPUT
|_|_E|——|— _EI'""""""""'""""""I DACUSE
| LEFT ol | B Mic 1 AUXLEVEL
AUX_OUTPUT - ~EP_OUTPUT A -
I SIDE =
MUTE MUTE
- E{%HTJ ~ cPl . SIDE
™ RIGHT J TONE
T LEFT - LEEr Sl .
ENABLE DCYOL J IR MaxDC
LS_OUTPUT | [ ADC_1 mr-ame CECNOR ‘\Lv'ulur;'le
r WA ave|
B MUTE MUTE —_— ]
- E;EHTJ B G
- Leer ™ RIGHT ADC HPF MODE
[~ LEFT & NoHPF " Comer - " Cormer -

egigtar Ux

i 088 @aaa0an =
GPIN TEMP SARTRG2 SARTRGI STEREC  HEADSET Read 1> ‘E:H[l:] J _Z|

Figure 1: A main View of LM4935 Software (BASIC tab).
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DEFAULT BUTTON:

Pressing this button will reset the software back to its default state and will initialize all of the data
registers back to their default setting of zero.

BASIC TAB:

i) BASIC OPERATIONS:

CHIF MODE
i« PowerDown © StandBy  © Active wfo HP Detection ¢ Active with HP Detection 1
HF STERED MODE BvPASS CAFP SIZE

" QCL ® SE 2 | ¢ Enshle & Disable 3 @ 01uF O quF O 22uF O 47F 4
Figure 2: Basic operations

Register (BASIC 0x00h)

1) The LM4935 can be placed in one of four modes which dictate its basic operation.

2) The headphone amplifier can be set to OCL or SE Mode. Please make sure that the position of
the OCL/SE switch (Y3) on the demoboard corresponds to the HP setting on the software.

3) Enabling the Stereo Mode (bit 6 of register 0x00h) reduces the gain of the Left and Right
signal by 6dB to allow enough headroom for them to be summed. This may be useful when
summing both the Left and Right audio signal to a mono output like the earpiece or loudspeaker.
4) Programs the turn-on time of the LM4935 to accommodate the size of the bypass capacitor,
C20.

ii) OUTPUT OPERATIONS:

CP_OUTPUT HF_OUTRUT 1) CP_OUTPUT: (Register 0x12h). The Microphone, Left,
~MiC MUTE " SIDE  p4uTE and/or Right inputs can be mixed to the Cell Phone Output
I~ RIGHT F E{%HT by checking the corresponding box(es). Enabling the mute
[~ LEFT 1 LeFT 2 will mute all the inputs.

AUX_OUTPUT ,EPE%%TPUT 2) HP_OUTPUT: (Register 0x15h). The Sidetone, Cell
rop MUTE] 25T MUTE] Phone, Left, and/or Right inputs can be mixed to the stereo
[ RIGHT ~ RIGHT Headphone Output by checking the corresponding box(es).
[ LEFT . ; :

3 rerr 4 Enabling the mute will mute all the inputs.

LS_OUTPUT ADC_T
rop MUTE| L MC o wuTE| 3y AUX_OUTPUT: (Register 0x13h). The Cell Phone, Left,
": E’\EI_'_HFT s | [T RGHT ¢ and/or Right inputs can be mixed to the Auxiliary Output by
I LEFT checking the corresponding box(es). Enabling the mute will
mute all the inputs.
Figure 3: LM4935 outputs

4) EP_OUTPUT: (Register 0x16h). The Sidetone, Cell Phone, Left, and/or Right inputs can be
mixed to the Earpiece Output by checking the corresponding box(es). Enabling the mute will mute
all the inputs.

5) LS_OUTPUT: (Register 0x14h). The Cell Phone, Left, and/or Right inputs can be mixed to the
Loudspeaker Output by checking the corresponding box(es). Enabling the mute will mute all the
inputs.
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6) ADC_1: (Register 0x06h). The Microphone, Cell Phone, Left, and/or Right inputs can be mixed
to the input of the ADC by checking the corresponding box(es). Enabling the mute will mute all
the inputs.

iiil) VOLUME CONTROL AND GAIN OPERATIONS:

YOLUME COMROL 1) AUX LEFT (OxOFh). Controls the
bdin hodene volume of the AUX Left analog input.
)| 1 TR AUX Activating BOOST increases the gain
T P I R PR TR IR TOy | LEFT by 12dB. Enabling MUTE will mute the

| " B00sT | AUX Left analog input.

J z 465 dB QFGX 2) AUX RIGHT (0x10h). Controls the
volume of the AUX Right analog input.
Activating BOOST increases the gain
by 12dB. Enabling MUTE will mute the
AUX Right analog input.

3) DAC (0x11h). Controls the level of the
DAC Output. Activating BOOST
increases the gain by 12dB. Enabling
MUTE will mute the output of the DAC.

4) CP_INPUT (OxOEh) Controls the
volume of the Cell Phone analog input.
Enabling MUTE will mute the Cell
Phone analog input.

5) MIC_1 (0x0Bh) Controls the volume of
the Cell Phone analog input. Enabling
MUTE will mute the Cell Phone input.

||r|—||:s ||r|—||:s ||r|—||:s ||r|—||:s ||r|—||:s

CFI

DAC
Figure 4:

6) SIDETONE (0x0Dh) Controls the analog sidetone volume.

7) Max DC Volume Level (0x21h) This sets the maximum attainable level of the DC Volume
Control.

8) ENABLE DCVOL (0x21h) This enables the DC Volume control of the LM4935.

9) You can select which volume control (AUX/DAC or CPI) is altered by the DC Volume Control.
Click on the AUX button once to get CPI, click twice to get DAC.
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iii) AUX/DAC INPUT SOURCES

Figure 5:

LEFT
SOURCE

Al
& DAC

RIGHT
SOURCE

Al
& DAC

DAC USE
AL LEVEL

1) If AUX is selected then AUX input is passed to the mixer, the default is for the
DAC output to be passed to the mixer.

2) If DAC USE AUX LEVEL is enabled then the gain of the DAC inputs is controlled
by the AUX_LEFT and AUX_RIGHT registers, allowing a stereo balance to be
applied.

Figure 6:

ADCHFF MODE

* NoHPF  Cormer  Comer EERIE

3) ADC_1 HPF_MODE (0x06h). Sets the high pass filter of the ADC.
The corner frequencies are computed as followed:

Corner 1 = ((sample rate of ADC) * 3/ 80)

Corner 2 = (Corner 1)/ 2

*Please refer to more info on the datasheet ADC_1 (0x06)
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PLL TAB:

This tab programs the settings of the Phase Lock Loop (PLL).

BASIC] AGC | INTERFACE PLL | SaR | ADVANCED | ﬁ
Pk PrOGRAMMNG INP

MULK: 172288« |MB

FLL FLL FAST wCO

Enable * Disahle S " Enahle  Disable DEFAULT

125_CLK:|1 5380 MH
FLLINFUT FLL DITHER LEWEL —_—
* hACLE 125 CLK _ DEFALLT

™ OFF * tedium PLL OMLY
M4 - ==
N (13 «

nt
_MOD 17i3: «

PE ~

2f‘8mal| " Large

FLL TEST MODE
0N * OFF

PLL Register

Fields
DAL CLOCK ADC CLOCK

ALDIO DAC INFUT S0OURCE ALDIO DAC INFUT S0OURCE
4 FLL Input ¢ PLL Output A MCLE. & PLL Output 12.0000 kAHz

DAC cL: | EHER

15 - | AU

DAC SAMPLE RATE: || ADC SAMPLE RATE: |[SETTTIEEN

Figure 7: PLL TAB

i) MCLK Drop Down Menu Mode

) 1)In the drop down combo box of MCLK (which is based on common
MCLK: MHz X

system clock values) the user can select from a list of pre-programmed

MHz MCLK inputs. Based on the value of MCLK that is chosen from the
drop down menu, the LM4935 software will automatically update the M,
N, N_MOD and P values according to the MCLK input value and the

Izs ¢ frequency of the PLL OUTPUT will be calculated in real time. The

LM4935 runs optimally with a PLL OUTPUT of 12 MHz or 11.025 MHz.

125_CLK:

PLLIM

LLOI

2)In the PLL_OUTPUT drop down combo box, a 12 MHz (Fs = 48kHz)
or 11.0250 MHz (Fs = 44.1kHz) target value can be selected and again
the M, N, N_MOD and P values will be calculated based on the value
chosen in the PLL OUTPUT and MCLK drop down combo boxes.

inkt
N_MOD I
P |5 -
3)The Program PLL Registers button should be clicked after the

correct PLL register fields have been set.
Figure 8: MCLK Dropdown
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4)The audio DAC and ADC input sources must be set for PLL OUTPUT if the PLL is to be used.

5)The PLL must then be enabled.

ii) User Defined MCLK or I12S CLK Mode

The user can also choose their own MCLK or 12S CLK value by simply entering that value into the
corresponding input field. The M, N, N_MOD and P values are not automatically updated as they
were when using the MCLK Drop Down Menu Mode. The M, N, N_MOD and P should be
adjusted manually by the user to achieve a PLL OUTPUT calculated value of 12 MHz (Fs =
48kHz) or 11.0250 MHz (Fs = 44.1kHz). The only time that the M, N, N_MOD and P values are
automatically calculated is when MCLK is chosen from the pre-programmed list of values on the
drop down menu for MCLK.



SAR TAB:

This Tab programs the SAR ADC and its triggers.

BASIC| AGC | INTERFACE| PLL  SAR | ADvaNCED | ﬁ

EnseLE | ENEERY VYSART
SLOTD _ENABLE | VOLTAGE DEFAULT
FREQ S4R OMLY
enselE | KRR VSAR2
SLOT 1 Q VOLTAGE
FREQ
ensele | JJXIER < o_vDDR2 « BBVDD

SLOT 2.3

FREQ  gyapie | ISR A_vDDR2

SARSETTINGS

SAR TRIGGER
TRIGGER 1 TRIGGER 2
EMABLE | & ABOVE ~ BELOW ENABLE | & 4BOVE ~ BELOW
4 THRESHOLD THRESHOLD Q THRESHOLD THRESHOLD
4 TRIG1SOURCE TRIG 2 SOURCE
i+ WSaAR1 O WSaAR2 O D wWDDN2 O A VDDIZ v wsaR1 O WSaR2 O D _VDDI2 4 VDDIZ
ENTER TRIGGER 1 VOLTAGE: [p-  V ENTER TRIGGER 2 VOLTAGE: [p-  V
DETECT
5 TDETINT [ BTHINT [ TEMPINT BRI G
 SERIES
HEADSET BUTTOR 2 -
DEBOUNCE |56 ¥ | DEBOUMCE * PARALLEL
TIME {ms) TIME {ms)

Figure 9: SAR TAB

1) The sample rate for each SAR channel can be adjusted through these slider controls.
2) The ENABLE buttons activate the corresponding SAR channel.

3) The output of the 4 SAR data registers are converted into voltage by the LM4935 software.
The maximum voltage that can be displayed is 2.5V since the SAR data resolution is only 8 bits
per channel.

4) The SAR Trigger option is used for triggering the IRQ pin based specific condition. Users
specify their own Trigger 1 and Trigger 2 Voltage. The maximum trigger voltage is 2.5V. Once
the trigger condition is met then SARTRIG1 and/or SARTRIG2 is set on the Status Register if
Trigger 1 and/or Trigger 2 is enabled.

5) DETECT (0x17h) is programmed through the bottom portion of SAR TAB. Please refer to
datasheet for more information.



INTERFACE TAB:

The Interface Tab controls the 12S / PCM interfaces and the GPIO pins. Please refer to GPIO
Configuration Register (0Ox1Ah) and Audio Interface Configuration Register (0x19h) in datasheet

for further detail.

BASIC| AGC | PLL  INTERFACE | SaR | ADVANCED | e

AUDIO_IF_MODE GPIO SELECT 2
GPIO1 [0~
125 PCh PCh 25 IN/PTh : DEFAULT

: [MAOUT ouT [MAOUT ouT GFIOZ |o -

125 W3S INTERMNAL OSCILLATOR 3
" ENABLE v DISABLE

125 CLK

MAZTER & SLAVE MAZTER & SLAVE

125 MODE 125/FPCh RESOLUTION

LEFT + DEFAULT 16 ;b AL
JUSTIFIED hitsAord hitsAord
LEFT 125 SO0 DATA PCh CLK
= AUDIO -~ SAR - SAR ~ SAR
ADC VSAR]  VSAR? AVODg2 ASTER
RIGHT 125 SD0 DATA PCh SYNC

v WEAR] CWSAREZ O D_vDDye O AVDDSE
BE_ DD MASTER « SLANE

GFIO1_DATA ADC_|25_h FCh COMPAND

- e 0 ™~ EMABLE + DISAELE o + OFF

Figure 10: INTERFACE TAB

1) The I2S/PCM audio data interface can be adjusted through these settings.

2) GPIO SELECT can be used to configure the GPIO pins of the LM4935. GPIO1 can be
programmed as either READABLE, LS_AMP_ENABLE, GPIO_DATA or ZERO and GPIO2 could
programmed as either SPI_SDO or SAR_SDO. Please refer to GPIO configuration register
(Ox1A) in datasheet for further detail. Both GPIO1 and GPIO2 pull down menus have to be set in

order to properly program the GPIOs.

3) The Internal On-Chip Oscillator can be enabled or disabled through these settings. The
Internal On-Chip Oscillator should be enabled in applications where the LM4935 uses its analog

audio inputs only.

4) The LEFT and/or RIGHT words of 12S SDO DATA can be configured to read back data from
the SAR or ADC.

5) The PCM audio data interface can be adjusted through these settings.



AGC TAB:

The Automatic Gain Control is programmed in this tab.

BASIC AGC |PLL | INTERFACE | SAR | ADVANCED | ﬁ
AGC ADC SAMPLE RATE GATE CP OUT

 Ensble @ Dissble | & BkHz(™ 12kHz ¢ 1BkHz ¢ 24kHz
AGC NOISE GATE DEFALLT

MOISE GATE THRESHOLD
e -72dB ¢ BBdE ¢ -B0dBE © B4dE  © -48dB © -42dE  -3BdBE © -30dB

AGC MAX MIC GAIN AGCTARGET _ AGCTIGHTON |

| AGC . MIN
J Rl MAX J
GAN . . . . . . . 7 EEEmvax
Min hax fin hax

AGC DECAY

* 32ms  Bdms " 128ms © 286ms  © B1Zms © 102dms ¢ 2048ms ¢ 4096 ms

AGCATTACK
* 32ms  Bdms " 128ms ¢ 286ms  © B1Zms © 1024 m ¢ 2048ms ¢ 4096 ms

AGC PEAK TIME
* B6ms 128 ms 192 ms 266 ms IBd ms B12 ms ThE ms 1s

AGCHOLD TIME

SPEECH
SEGMENT

iz

Figure 11: AGC TAB:

GATE CP OUT: If enabled and AGC noise is enabled, the MIC to CPO path

will be gated if the signal is determined to be noise.

AGE NOISE GATE ‘ AGC NOISE GATE: If enabled, signals below the noise gate threshold are
muted; the noise gate is only activated after a set period of signal absence.

GATE CP OUT ‘

AGC PEAK TIME
C 9% ms O 128ms  ® 192ms © 286ms O 38Bdms © §1Zms © FREms O 13

AGCHOLD TIME

hdin b

AGC PEAK TIME AND AGC HOLD TIME options are provided by LM4935 Software.
SPEECH SEGMENT is calculated by:
(AGC PEAK TIME) x (AGC HOLD TIME) = SPEECH SEGMENT



Others AGC Options are following:

1) AGC Enable or Disable

2) AGC MAX MIC GAIN

3) AGC TARGET with AGC TIGHT button
4) ADC SAMPLE RATE

5) AGC DECAY

6) AGC ATTACK

Please refer to the AGC_1 (0x08h), AGC_2 (0x09h), AGC_3 (0x0Ah) register pages in the
datasheet for further detail.



ADVANCED TAB:

This tab allows the user to directly program a specific data register of their choosing. This tab is
useful for system debug.

BASIC| AGC | PLL | INTERFACE | SaR  ADVANCED

Data

Defualt Abowve Reg

1) This drop down menu allows the user to select a specific data register to read/write to.

2) This row of 8 buttons sets the bit7 to bitO data of the specified register. Each button press will
trigger an 12C/SPI write.

3) This will write the current data field to the specified register.

4) Pressing the Read button will read the contents of the specified data register into the text box
below the button.



COMMON CONFIGURATIONS:

The following examples will provide a simple walk through to run LM4935 software. Proper
connection between the LM4935 Demoboard/USB Interface Card and PC is required. The
LM4935 Demoboard must be properly powered on.

Setting up the Headphone and High Efficiency Loudspeaker Mode (Analog Input):
a) A stereo input source should be connected to the AUX_LEFT and AUX_RIGHT inputs of the
LM4935 demoboard.

b) A Loudspeaker and a headset should be connected the LM4935 demoboard.

i) Using Analog AUX inputs and Internal on chip oscillator
Hit the default Button on the BASIC Tab.

1) From the INTERFACE TAB Enable the Internal Oscillator.

INTERMNAL OZCILLATOR
+ EMNABLE " DISABLE

2) Bring Part to Active w/o HP Detect on BASIC TAB

CHIF MODE
" PowerDown  StandBy & Active wio HP Detection © Active with HF Detection

3) Check RIGHT AND LEFT on LS_OUTPUT and HP_OUTPUT on BASIC TAB
LS_OUTPUT HP_OUTPUT
~ cp| MUTE [ SIDE  puTe

[ CRI
¥ RIGHT
g By

4) Since DAC is bypassed in Analog inputs use LEFT AND RIGHT SOURCE TO AUX MODE ON
BASIC TAB,

LEFT RIGHT
SOURCE SOURCE
& AUX & AUX
" DAC " DAC

5) Turn up the volume level for AUX LEFT AND RIGHT on BASIC TAB, you can hit boost for gain

up the volume assuming you have enough headroom.
fin hfE

|

R AUX
S EEEEA
BOOST

M

u

:
E

o |

i J IR
E 1

. )

RIGHT
B00ST |




ii) Using the S/PDIF Input and MCLK from the S/PDIF Receiver

a) S11 of the LM4935 Demoboard should be closed.

b) Switch Y2 of the Demoboard should be placed in the ‘int I2S’ position.

¢) An S/PDIF input signal should be connected to either the Optical or Coax input of the LM4935
Demoboard.

d) Switch S12 on the LM4935 Demoboard should correspond to the S/PDIF input being used.

e) S18 should be placed in the ‘S/PDIF Receiver Master’ position.

f) At this point the S13 ‘S/PDIF Receiver RESET’ button should be pressed.

g) Loudspeaker and a headset should be connected the LM4935 Demoboard.

Hit the default Button on the BASIC Tab.
1) Click on PLL TAB

2) If using CD audio source, use 11.2896 MHz for MCLK. If running audio from a DVD then use
12.288 MHz (Defauly).

N_MOD 173

P |5 -

3) Program the PLL by hit the ‘Program PLL REGISTERS’ button.
PROGRAM PLL REGISTERS

4) Enable the PLL on PLL TAB.
FLL

* Enahle T Disahble

5) DAC CLK set for PLL OUTPUT

DAC CLOCK
AUDI0 DAC INFUT SOURCE
O PLLInput & FPLL Output RSNl

R DIVIDER:
! :|' DAC CLK: IREXTITYRE:

DAC SAMPLE RATE: [EERIIET:

6) Bring Part to Active w/o HP Detect on BASIC TAB



CHIP MODE
" PowerDown © StandBy  * Active wfo HP Detection ¢ Active with HP Detection

7) Check RIGHT and LEFT on LS_OUTPUT and HP_OUTPUT on BASIC TAB
L3_0UTFUT HF_OUTFUT

~ cp|  MUTE | SIDE ayTE
¥ RIGHT Bt
i ro v RIGHT

“ LEFT

8) Turn up the DAC Volume; you can enable BOOST for increased gain assuming that there is
enough headroom.




References:

1) Microsoft framework .net 1.1 Direct download link
http://www.microsoft.com/downloads/details.aspx?Familyld=9B3A2CA6-3647-4070-9F41-
A333C6B9181D&displaylang=en
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