Advanic

AD82550

Stereo Digital Audio Amplifier with Headphone Driver

Features

® 16/18/20/24-bit input with I°S data format
® PSNR & DR (A-weighting)
Loudspeaker: 98dB (PSNR), 106dB (DR)
Headphone: 87dB (PSNR), 96dB (DR)
® Multiple sampling frequencies (Fs)
8KHz, 12KHz, 16KHz, 22.05KHz, 24KHz
32KHz, 44.1KHz, 48KHz,
64KHz, 88.2KHz and 96KHz
® System clock = 256Fs
® 8Fs switching for loudspeakers and headphones
® Single or dual supply
Single supply: 3.0~3.3V for the whole chip
Dual supply: 3.0~5V for loudspeaker drivers
3.0~3.3V for others
® 2.5~5.5V tolerant input interface
® L oudspeaker power
3.5W into 4Q load @ 0dB 1kHz sinewave input
2.0W into 8Q load @ 0dB 1kHz sinewave input
® Loudspeaker power efficiency (n)
86% for 4Q @ 0dB 1KHz sinewave input
91% for 8Q @ 0dB 1KHz sinewave input
® Headphone power
35mW into 320 @1KHz and 1% THD+N
65mW into 16Q2 @1KHz and 1% THD+N
113mW into 8Q @1KHz and 1% THD+N
® \/olume control for loudspeakers
53steps:+6~-34dB(1dB/step)-36~-58dB(2dB/step)
® Mute function
® Power down function
® Anti-pop design
® Over-temperature protection
® Under-voltage shutdown
® Short-circuit detection

Functional Block Diagram

Applications

® CD and DVD

® TV audio

® |nternet audio

® USB speaker

® MP3

® Headphone Amplifier
® PDA

® Portable / Handheld
® Mobile phone

® Car audio

Description

This is a stereo digital audio amplifier with high
power efficiency, which leads to longer battery life,
less heat sink requirement, smaller board size and
lower system cost. AD82550 can detect headphone
connection and choose to drive either stereo
loudspeakers or stereo headphones. Operating with
3.0/3.3/5V  loudspeaker driver supply, each
loudspeaker channel can typically deliver
0.8/1.0/2.3W to a 4Q2 loudspeaker, respectively, with
less than 1% THD+N. Operating with 3.0/3.3V
headphone driver supply, each headphone channel
can typically deliver 29/35mW to 32Q), 54/65mW to
16Q and 94/113mW to 8Q, respectively, with less
than 1% THD+N.
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Advanic

ADS82550
Pin Assignment >
AGND T 2233 AVDD
HPR 2] 32 MCLK
HPL &2 223 GNDL
HP-SPK e{4] 2= LB
DGND &3] 208 LA
DVDD 5] T vDDL
BCLK =fT] 78 VDDR
SDATA =18 [i78= RA
LRCIN &3] 6= RB
PD/MUTESY] 5 GNDR
VOLUP &11] (TP RESET
'VOLDN 2] [B}ERROR
Pin Description
Pin| Name |[Type Description Characteristics
1 AGND P Analog ground
2 HPR (0] Headphone right channel output
3 HPL (0] Headphone left channel output
4 | HP-SPK I Headphone/loudspeaker switch wit: \; gg?gt;?txt:et;i?j: (I:S:; 1)
5| DGND P Digital ground
6 | DvVDD P Digital supply
7 BCLK | Bit clock (64Fs) input 5V tolerant Schmitt trigger TTL input buffer
8 | SDATA | Serial audio data input 5V tolerant Schmitt trigger TTL input buffer
9 | LRCIN | Left/right sampling clock (Fs) input 5V tolerant Schmitt trigger TTL input buffer
10|PD/MUTE| | Power-down and mute, low active 5V tolerant Schmitt trigger TTL input buffer
11| VOLUP | | Volume up, low active 5V tolerant Schmitt trigger TTL input buffer (Note1)
12| VOLDN | | Volume down, low active 5V tolerant Schmitt trigger TTL input buffer (Note1)
13| ERROR | O Error output Open-drain output
14| RESET | | Reset, low active 5V tolerant Schmitt trigger TTL input buffer
15| GNDR P |Ground for loudspeaker right channel
16 RB O | Loudspeaker right channel output (-)
17 RA O |Loudspeaker right channel output (+)
18| VDDR P | Supply for loudspeaker right channel
19| VDDL P | Supply for loudspeaker left channel
20 LA O | Loudspeaker left channel output (+)
21 LB O | Loudspeaker left channel output (-)
22| GNDL P | Ground for loudspeaker left channel
23| MCLK | Master clock (256Fs) input 5V tolerant Schmitt trigger TTL input buffer
24| AvVDD P Analog supply

Note1: May become bi-directional with less than 30uA output current when “RESET” pin is low.
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Advanic

AD82550
Absolute Maximum Ratings
Symbol Parameter Min Max | Units
DvDD Supply for Digital Circuit 0 3.6 \Y
AVDD Supply for Analog Circuit 0 3.6 V
VDDL(R) Supply for Left (Right) Channel 0 5.5 \Y
\A Input Voltage -0.3 5.5 \Y
Tstg Storage Temperature -45 150 °C
T, Ambient Operating Temperature -40 85 °C
Voltage Difference between Vpp. and Vppr -1 1 \Y
Voltage Difference between Vpp (Vppr) and DVDD/AVDD -3 3 \Y
VooL(Vopr) Power-on Voltage Ramp 0.2 V/us
Recommended Operating Conditions
Symbol Parameter Typ Units
DvDD Supply for Digital Circuit 3.0~3.3 V
AVDD Supply for Analog Circuit 3.0~3.3 V
VDDL(R) Supply for Driver Stage 3.0~5.0 Vv
T, Ambient Operating Temperature | -10~70 °C
Digital Characteristics
Symbol Parameter Min Typ Max Units
Viy High-Level Input Voltage 20 \Y
Vi Low-Level Input Voltage 0.8 \
Vou High-Level Output Voltage 2.4 \Y
VoL Low-Level Output Voltage 0.4 \Y
C Input Capacitance 6.4 pF
General Electrical Characteristics
Symbol Parameter Condition Min | Typ | Max | Units
lpp Supply Current during Power Down 36 A
Junction Temperature for Driver Shutdown 150 °C
Temperature Hysteresis for Recovery from Shutdown 20 °C
UVy Under Voltage Disabled (For AVDD) 2.8 \Y
uv, Under Voltage Enabled (For AVDD) 2.7 \%
Fsw Switching Rate of Loudspeakers and Headphones 8Fs | 8Fs | 8Fs | Hz
Trwm Minimum PWM pulse width ﬁ 25;Fs 25;FS Sec
Rsc Loudspeaker Short-Circuit Detection (Note2) VDDR(L)=5V 3.0 ]| 34 Q
Rsch Headphone Output Short-Circuit Detection Steady State 3.0 | 34 Q

Note2: Loudspeaker short-circuit protection is effective when external LC or ferrite bead filters are properly
used. Long time short-circuit will result in reduced device reliability.

Package Options

Package Type Part Number Thermal Information
241 SSOP 209mil | AD8255TC 0 s = 64.7 °C/W (Condition: still air, multilayer board)
24L SOP 300mil AD8255SC 6 ja = 80.2 °C/W (Condition: still air, multilayer board)
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Electrical Characteristics and Specifications for Loudspeaker

@® Condition: DVDD=AVDD=3.3V, VDDL=VDDR=5V, Fs=48kHz, Load=8Q with passive LC lowpass filter

(L=22uH with Rpc=0.12Q, C=470nF); Input is 1kHz sinewave with the highest volume level. MCLK duty
cycle is 501£1%.

Symbol Parameter Condition Input Level | Min | Typ | Max | Units
Pomax Maximum RMS Output Power 0dB 2.0 w
Po RMS Output Power for Each Channel 10% THD+N -3.608 1.7 W
1% THD+N -6dB 1.3 w
lee Required RMS Supply Current -9dB 0.29 A
THD+N Total Harmonic Distortion+Noise P,=40mW -21dB 0.06 %
SNR Signal to Noise Ratio(Note3) P,=1.0W -7dB 98 dB
DR Dynamic Range(Note3) -60dB 106 dB
PSRR Power Supply Rejection Ratio -66dB 60 dB
Channel Separation -7dB 82 dB
n Efficiency Po=2.0W 0dB 91 %

Note3: Measured with A-weighting filter
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Advanic AD82550

@® Condition: DVDD=AVDD=3.3V, VDDL=VDDR=5V, Fs=48kHz, Load=4Q with passive LC lowpass filter
(L=10pH with Rpc=0.12Q2, C=1000nF); Input is 1kHz sinewave with the highest volume level. MCLK duty
cycle is 50+1%.

Symbol Parameter Condition Input Level | Min | Typ | Max | Units
Pomax Maximum RMS Output Power 0dB 3.5 w
P, RMS Output Power for Each Channel 10% THD+N|  -3.6dB 2.9 W
1% THD+N -6dB 23 w
lee Required RMS Supply Current -9dB 0.52 A
THD+N Total Harmonic Distortion+Noise Py,=25mW -25dB 0.06 %
SNR Signal to Noise Ratio(Note4) P,=1.8W -7dB 95 dB
DR Dynamic Range(Note4) -60dB 103 dB
PSRR Power Supply Rejection Ratio -66dB 60 dB
Channel Separation -7dB 82 dB
n Efficiency Po=3.5W 0dB 86 %

Note4: Measured with A-weighting filter

FFT Spectrum (-60dB 1kHz input with the highest volume level) for 4Q load
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Electrical Characteristics and Specifications for Headphone

@® Condition: DVDD=AVDD=3.3V, Fs=48kHz, Load=32 with DC decoupling capacitor (Cpc=100uF) and
passive LC lowpass filter (L=220uH, C=0.068F); Input is 1kHz sinewave with the highest volume level.

MCLK duty cycle is 50+1%.

Symbol Parameter Condition Input Level | Min | Typ | Max | Units
P, RMS Output Power for Each Channel 0dB 35 mwW
lee Required Supply Current 2 channels -9dB 10 mA

THD+N |Total Harmonic Distortion+Noise Po=1mW 0.05 %

SNR |Signal to Noise Ratio(Note5) P,=26mW -1.3dB 87 dB
DR [Dynamic Range(Note5) -60dB 96 dB
Channel Separation -1.3dB 64 dB

n Efficiency P,=35mW 0dB 72 %

FFT Spectrum (-60dB 1kHz input with the highest volume level) for 32Q2 load
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@® Condition: DVDD=AVDD=3.3V, Fs=48kHz, Load=16 with DC decoupling capacitor (Cpc=220uF) and

passive LC lowpass filter (L=100uH, C=0.15uF); Input is 1kHz sinewave with the highest volume level.
MCLK duty cycle is 5011%.

Symbol Parameter Condition Input Level | Min | Typ | Max | Units
Po RMS Output Power for Each Channel 0dB 65 mwW
loc Required Supply Current 2 channels -9dB 13 mA

THD+N |Total Harmonic Distortion+Noise Py,=2mW 0.04 %

SNR |[Signal to Noise Ratio(Note5) P,=49mW -1.3dB 83 dB
DR |Dynamic Range(Noteb) -60dB 97 dB
Channel Separation -1.3dB 60 dB
n Efficiency Po,=65mW 0dB 78 %
@® Condition: DVDD=AVDD=3.3V, Fs=48kHz, Load=8Q with DC decoupling capacitor (Cpc=470uF) and
passive LC lowpass filter (L=47uH, C=0.33uF); Input is 1kHz sinewave with the highest volume level.
MCLK duty cycle is 50+1%.

Symbol Parameter Condition Input Level | Min | Typ | Max | Units
P, RMS Output Power for Each Channel 0dB 113 mwW
lec Peak Supply Current 2 channels -9dB 20 mA

THD+N |Total Harmonic Distortion+Noise Po,=4mW 0.1 %

SNR |[Signal to Noise Ratio(Note5) P,=82mwW -1.3dB 80 dB
DR |Dynamic Range(Note5) -60dB 97 dB
Channel Separation -1.3dB 55 dB

n Efficiency Po=113mW 0dB 80 %

Note5: Measured with A-weighting filter
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Interface Confiquration

® I°S
|
< tis |
| ] |
LRCIN Left ,! Right \;
| I et |
ts | | BCH 'BCL |
/! |
oo J_\_/_\J_\_/_\ o ﬂﬂ_/_\_/_\ o ﬂ
I
b ! | ! 1 | |
tBCC ' | |
S | |
SDATA MSB | eeoe | MSB coe |
I } T T T
rt_N_1
DS *DH
Symbol Parameter Min Typ Max Units
tr LRCIN Period (1/Fs) 10.41 125 us
taL BCLK Rising Edge to LRCIN Edge 50 ns
ts LRCIN Edge to BCLK Rising Edge 50 ns
tscc  |BCLK Period (1/64Fs) 162.76 1953 ns
tsch  |BCLK Pulse Width High 81.38 976.5 ns
tacL BCLK Pulse Width Low 81.38 976.5 ns
tos SDATA Set-Up Time 50 ns
ton SDATA Hold Time 50 ns

® System Clock Timing

MCLK

> tiow

—»! tperiog e

thigh >20.35ns, tiow>20.35ns and tperiod>40.69ns

* Advanic reserves the right to change or discontinue this product without notice.

All rights reserved, Advanic Technologies, Inc. 8/15 January 2005, Rev.1.0



Advanic AD82550

Operation Descriptions

® \olume control
Audio volume can be increased or decreased by sending a high->low->high transition
pulse to VOLUP pin or VOLDN pin, respectively. The volume range is from +6dB to
-58dB for loudspeakers and 0dB to -64dB for headphones, respectively. The default
volume levels are -18dB for loudspeaker and -24dB for headphone, respectively. The
volume control timing diagram is shown below where t; = (10/Fs), t, = (2/Fs) and
Fs = 8KHz ~ 96KHz.

VOLUP t1 t2
VOLDN

Two kinds of volume level control example are described below. Other choices can be

user-defined depending on users’ control.

(i) 53-step
AD82550 has 53 volume levels. Volume levels 0~40 have the step size of 1dB/step
(+6dB, +5dB, +4dB ...., -33dB, -34dB for loudspeaker and 0dB, -1dB, -2dB ....,
-39dB, -40dB for headphone). Volume levels 41~52 have the step size of 2dB/step
(-36dB, -38dB, -40dB..., -56dB, -58dB for loudspeaker and -42dB, -44dB, -46dB...,
-62dB, -64dB for headphone).

Volume Curve (dB Scale) Volume Curve (Linear Scale)
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(i) 33-step
Linearization of the volume levels in dB scale can be done via external control. The
original volume levels 0~40 (1dB/step) can be mapped to new volume levels 0~20
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Advanic AD82550

(2dB/step), and the original volume levels 41~52 (2dB/ step) can be mapped to new
volume levels 21~32 (2dB/step). The compressed volume levels 0~32 becomes +6
dB, +4 dB, ..., -56 dB, -58dB for loudspeaker and 0 dB, -2 dB, ..., -62 dB, -64dB for
headphone, respectively.

Volume Curve (dB Scale) Volume Curve (Linear Scale)
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® \/olume gain
The highest volume gain is 6dB for loudspeaker (0dB for headphone), referred to the
original input signal level.

® Reset
When the level of RESET pin is low, AD82550 will clear the data of internal storage
elements and set the default volume level. The default volume level is -18dB for
loudspeaker (-24dB for headphone).
AD82550 will exit reset state at the third LRCIN clock after RESET pin becomes high.

® Power down (PD) and mute control
AD82550 has build-in volume fade-in/fade-out design for PD/mute function. The
relative PD/mute timing diagrams for loudspeakers are shown below.

Volume Level Volume Level
4 PD/mute enabled PD/mute disabled 4 PD/mute enabled

+6dB *#dB+ " pDmute disabled
Original level | : Original level | - / ;

-58 dB -568 dB —

|
|
|
|
|
|
|
:
. » time :
| = - O = e
Fade out  Mute Fade in Fade out Fade in’
time state time time time

> time
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Advanic AD82550

AD82550 will detect PD/MUTE pin once an LRCIN cycle. When AD82550 detects 9
consecutive zeros, it will execute a fade-out procedure. The volume level will be
decreased to -58 dB for loudspeakers (-64dB for headphones) in several LRCIN cycles.
Once the fade-out procedure is finished, AD82550 will turn off the power stages, stop
clock signals (MCLK, BCLK, LRCIN) from feeding into digital circuits and turn off the
current bias of the internal analog circuits. After PD/MUTE pin is pulled low, AD82550
needs up to 75 LRCIN clocks to finish the above works before entering power down
state. Functions of volume up and volume down will be disabled when PD/mute
function is enabled.

When AD82550 detects 9 consecutive ones from the PD/MUTE pin, the PD/mute
function will be disabled and a fade-in procedure is then executed. If the PD/mute
function is disabled in the midway of the fade-out procedure, AD82550 will also
execute the fade-in procedure. The volume level will return to that before the PD/mute
function is enabled. In addition, AD82550 will establish the analog circuits’ bias current
and feed the clock signals (MCLK, BCLK, LRCIN) into the digital circuits. Then,
AD82550 will return to its operation without power down.

® Self-protection circuits (Typical values are used below.)

AD82550 has build-in thermal, short-circuit and under-voltage detection circuits.

(i) If the internal junction temperature is higher than 150°C, loudspeaker and
headphone power stages will be turned off and the temperature hysteresis for
ADB82550 to return to normal operation is about 20°C. The temperature values can
have around 10% variation.

(ii) To protect loudspeaker and headphone power stages when the lines connected to
loudspeakers (or the lines connected to headphones) are shorted each other or to
GND, circuits for the detection of output loading are built in the AD8255. For normal
operation, loudspeaker resistance larger than 3.4Q2 and headphone resistance
larger than 3.4Q are required. Otherwise, short-circuit detectors may pull the
ERROR pin to DGND. To effectively protect AD82550 from short-circuit accidents,
the ERROR pin and RESET pin are suggested to connect together. Once
short-circuit condition exists, the ERROR pin will be pulled to DGND and AD82550 is
then reset. The recommended R and C values for the RC network connected to the

RESET pin are 10MQ and 10nF, respectively. The capacitance should be close to
10nF as possible. When VDDR(L) is larger than 3.6V, loudspeaker short-circuit
protection is reliable only when LC or ferrite bead filters are properly used.

(iii) Once the AVDD voltage is lower than 2.7V, AD82550 will turn off its loudspeaker and
headphone power stages and cease the operation of digital processing circuits.

* Advanic reserves the right to change or discontinue this product without notice.
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When AVDD becomes larger than 2.8V, AD82550 will return to normal operation.

® Anti-pop design
AD82550 is with anti-pop design. Annoying pop sounds are suppressed during initial
power on, power down/up, mute, power off and volume level change. When one of the
operations mentioned above is applied, AD82550 will internally generate appropriate
control signals to suppress pop sounds.

® | oudspeaker and headphone switching
AD82550 can switch between headphone and loudspeaker modes automatically with
the application circuits shown in the application circuit section. When HP-SPK pin is
pulled high, AD82550 will enter headphone mode and loudspeaker output will be
muted. When HP-SPK pin is pulled low, AD82550 will enter loudspeaker mode and

headphone will be muted. HP-SPK pin is connected to DVDD via a 380KQ (typical
value) resistor in the chip.

® Digital filter frequency response
The overall inband gain ripple is approximately within +0.1dB.

Overall Digital Filter Frequency Response Overall Digital Filter In-Band Gain Ripple
05 T T T T

Amplitude(cB)
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Application Circuit Example for 8()/4() loudspeaker with headphone (Note6)

@ With LC filter

5V
1kQ - 3.3V
Phone jack Bead O-uF 47uF
Headphone R 47uF 220 (1uH/0.5A) it f
\ / T %ww ° =
t { AGND AVDD z‘,:l—
- £ HPR MCLK E:'_G
Y 5 | HeL oNDL [224 10uH
HPL B e .
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(1uH/0.58) o4 | HP-sP LB E:J w 220 l 9w
) 1 ce===% 470nF AN
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D—:E LRCIN RB E‘,:p—l p = e == T g8
nF 1nF —{YY\\—o
l: ; >—|:'|1o PD/MUTE ~ GNDR El"l— I‘IOuH‘
3.3V
D—:E VOLUP RESET E:l—
D—:E VoIDN  ERROR E‘,:.—. 10MQ
10nF
I
@ With ferrite bead filter
Bead
5V (0.5uH/3A)
1kQ 3.3V OAuE LR l
Phone jack Bead o 474F Inf
i1
Headphone R 47yF 220 (1UH/0.5A) + :E
\ / T T10uF ® = 220 100 1nF
AAAA P D oo
TVVVY 1 | AGND AVDD |24 Bl
33kQ %omF L e } §§
= £ HPR MCLK E:D—G 85
o onoL [l
HEL 4TpF 220 Bead _'_Ii e =
" (1uH/0.5A) o 4 | HP-sPk LB E:.J " N
ST T 7 Bead
¢z vero LA E::ﬁ ° (0.5uH/3A)
= 01uF==
—_:—:"E DVDD vooL [195 Bead
(0.5uH/3A)
me
HPR HPL D—I=|'7 BCLK VDOR |18,
1nF
D—':E SDATA RA E:J 5 . "
10Q 10Q p——F
—9|ren RB E,‘:—l 3 - 220 100 nF
nF nF © o
BOMUTE o
I I D—:"E PDMUTE ~ GNDR & [ g8
__ 3.3V = S
D—:"E VOLUP RESET E":n— 1nF - 100 1nF &5
D—::E VOLDN ERROR E‘,:l—« 10MQ —‘7 "
10nF YYYY T
- 1 T
; Bead
(0.5uH/3A)
Note6: In some environments, LC (or ferrite bead) filters for loudspeaker drivers and headphone drivers can

be eliminated. However, in a very EMI-sensitive environment, the use of filters, at least for
loudspeaker, is suggested. In addition, when VDDR(L) is larger than 3.6V, loudspeaker short-circuit
protection is reliable only when either LC or ferrite bead filters are properly used. The ferrite beads
used should have low resistance at low frequencies and high impendence at high frequencies.
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Advanic AD82550

Package Dimensions
® 241 SSOP (209mil) Package
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SYMBOLS DIMENSIONS IN MLLIMETERS DIMENSIONS IN MILS
MIN NOM MAX MIN NOM MAX
A - - 2.0 - - 79
A1 0.05 - - 2 - -
A2 1.65 1.75 1.85 65 69 73
b 0.22 - 0.38 9 - 15
C 0.09 - 0.25 4 - 10
7.90 8.20 8.50 311 323 345
E 7.40 7.80 8.20 291 307 323
E1 5.00 5.30 5.60 197 209 220
e 0.65 BSC 26 BSC
L 0.55 0.75 0.95 22 30 37
0 7 TYP 7 TYP
y - - 0.1 - - 4
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Advanic AD82550

® 241 SOP (300mil) Package

BOTTOM E-PIN INDENT 0.125 NOTE. &
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SYMBOLS DIMENSIONS IN MLLIMETERS DIMENSIONS IN INCHES
MIN NOM MAX MIN NOM MAX
A 2.36 2.51 2.64 0.093 0.099 0.104
A1 0.10 - 0.30 0.004 - 0.012
A2 - 2.34 - - 0.092 -
b - 0.41 - - 0.016 -
Cc - 0.25 - - 0.010 -
D 15.21 15.24 15.60 0.599 0.600 0.614
E 10.01 10.31 10.64 0.394 0.406 0.419
E1 7.39 7.49 7.59 0.291 0.295 0.299
e - 1.27 - - 0.050 -
L 0.40 0.89 1.27 0.016 0.035 0.050
y - - 0.102 - - 0.004
0 0° - 8° 0° - 8°
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