l' Preliminary EUA2035

EUTECH 3W/CH Stereo Filterless Class-D Audio Amplifier with
mcroeecroncs  G4-Step DC Volume Control, AGC and Headphone Output

DESCRIPTION FEATURES

The EUA2035 is a high efficiency, 2 channel bridgied Wide Supply Voltage: 2.7V to 5.5V

load (BTL), class-D audio power amplifier with headne Unique Modulation Scheme Reduces EMI Emission
output. Operating from a 5V power supply, EUA2035 i 3Wich into an @ Load From 5V Supply

capable of delivering 3W/ channel of continuouspaott
power to a ® load with 10% THD+N. The EUA2035 Efficient, Class-D Operation Eliminates Heatsinks
64-Step DC Volume Control

°
°
°
°
features an advanced 64-step DC volume control twhic e
O B e iR B, Featphone Output Funcion
® Auto Gain Control
® Thermal and Short-Circuit Protection
°
°
°

output signal clip due to the over level input sijand
suppresses it automatically. Moreover the AGC odapa

Integrated Click and Pop Suppression
24-pin SSOP Package

the output clip caused by power supply voltage dewith
battery. The new filterless architecture allows dle®ice to
drive the speaker directly, without low-pass outfiliers,
which will save system cost and PCB area. RoHS Compliant and 100% Lead(Pb)-Free
Halogen-Free

The EUA2035 also features short-circuit and thermal
protection preventing the device from being damaged
during a fault condition. The EUA2035 is availahte APPL ICATION
24-pin SSOP package. = ONS
LCD Monitors/TVs
All-in-One PCs
Portable Audio
Notebook PC

Typical Application Circuit
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Preliminary

EUA2035

Pin Configurations

Package Type Pin Configurations
(TOP VIEW)
+ouTL[1]| @ [ 24 |+0UT_R
PGNDL [ 2 | 23 |PGNDR
PGNDL [ 3 | 22 |PGNDR
-OUT_L[ 4| 21 ]-OUT_R
PVDDL [ 5 | 20 |PVDDR
SSOP-24 WOTE [ 6 DI
VDD [ 7 | 18 |GND
INL 8| [ 17 JINR
EarinL [ 9 | 16 |EarlnR
vDC | 10 15 |LINE/EAR
VOLUME | 11 14 |VREF
EarOutL | 12 13 |EarOutR
Pin Description
PIN SSOP-24 DESCRIPTION
+OUT_L 1 Left Channel Positive Output
PGNDL 2,3 Left Channel Power GND
-OUT_L 4 Left Channel Negative Output
PVDDL 5 Left Channel Power GND
MUTE 6 Mute Control Input
VDD 7 Analog VDD
INL 8 Left Channel Input
EarlnL 9 Left Earphone Input
VDC 10 Analog reference for gain control section
VOLUME 11 DC volume control to set the gain of Gld3
EarOutL 12 Left Earphone Output
EarOutR 13 Right Earphone Output
VREF 14 Internal analog reference, connect a bypagacitor from VREF to GND
LINE/EAR 15 Line/Earphone detect
EarlnR 16 Right Earphone Input
INR 17 Right Channel Input
GND 18 Analog GND
SHDN 19 Shutdown Control Input
PVDDR 20 Right Channel Power Supply
-OUT_R 21 Right Channel Negative Output
PGNDR 22,23 Right Channel Power GND
+OUT_R 24 Right Channel Positive Output
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Preliminary EUA2035
Ordering Information
Order Number Package Type Marking Operating Temperature Range
W xxxxx
EUA2035FIR1 SSOP-24 -40 °C to +85°C
EUA2035

EUA2035 [] [0 OO O

Lead Free Code
1: Lead Free, Halogen-Free 0: Lead

Packing

R: Tape & Reel

Operating temperature range
I: Industry Standard

Package Type
F: SSOP
Block Diagram
vDD PVDD PGND
1 1 1
J J J
EarInRJ] Headphone »[ JEarOutR
+OUT_R
MODULATOR DRIVER
-OUT_R
\
[} Thermal
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_| |z
MUTE 2| |8
3 g PeC INTERNAL BIAS AND
SHDN 25 OSCILATOR REFERENCES [*»{JVREF
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L | Current
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Figure2.
-
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Preliminary

Absolute Maximum Ratings (1)

= Supply Voltage

= Input Voltage

« Junction Temperature ¥

« Storage Temperature RanggF

6V
-0.3 Vo \pp +0.3V
-40°C to 125°C
-65°C to 150°C

EUA2035

« ESD Susceptibility 2kV
« Lead temperature 1,6 mm (1/16 inch) from case foselfdnds 260°C
« Thermal Resistance
034 (SSOP-24) 90°C/W
Recommended Operating Conditions (2)
Min. Max. Unit
Supply voltage 2.7 5.5 \%
Operating free-air temperaturey, T -40 85 °C
Note (1): Stress beyond those listed under “AbgoMiaiximum Ratings” may damage the device.
Note (2): The device is not guaranteed to functiotside the recommended operating conditions.
Electrical Characteristics
Vpp=5V, Gain=Maximum, R=8Q, Tp = +25°C (Unless otherwise noted)
.. EUA2035 )
Symbol Parameter Conditions Min. | Typ. | Max. Unit
ClassD Sage
Voo |Supply Voltage Range 2.7 5.5 \%
lo Quiescent Current No Load 15 25 m
Vos |Output Offset Voltage No Load 10 50 m
el e T =
Po  |Output Power THD+N=10%, f=1kHz |~ 155 il W
R, =4Q 2.85 3.0
THD+N |Total Harmonic Distortion R.=8Q,Po=0.85W (=1kHz 0.2 %
Plus Noise R.=4Q,Po=1.75W 0.2
PSRR |Power Supply Ripple |input AC-GND, f=1kHz, Vpp=200mV 40 dB
Cs Channel Separation oP1W, f=1kHz -80 dB
fosc |Oscillator Frequency 250 300 350 kHz
. Po=1.7W,f=1kHz, R=8Q 87 90 %
n Efficiency
Po=3.0W,f=1kHz, R=4Q 85 88 %
. A-weighting 275
Vn Noise Input AC-GND — uv
No A-weighting 450
SNR | Signal Noise Ratio F=20-20kHz, THD=1% 85 d
Earphone Sage
lo Quiescent Current No Load 7.5 12 m
Vos |Output Offset Voltage No Load 2.5 \Y
Po Output Power THD+N=1%, R32Q,f=1kHz 95 mwW
DS2035 Ver0.1 Jan.2011 4
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Preliminary

Electrical Characteristics (continued)
Vpp=5V, Gain=Maximum, R=8Q, T, = +25°C (Unless otherwise noted)

EUA2035

bol p ot Conditi EUA2035 Unit
Symbo arameter onditions Min. | Typ. | Max. ni
THD+N |10tal Harmonic Distortion g 350 p 1 omw, f=1kHz 0.05 %
Plus Noise
psRR |Power Supply Ripple ) v AC_GND, f=1kHz, Vpp=200mV 40 dB
Rejection
Cs Channel Separation oP1W, f=1kHz -85 dB
i A-weighting 15
Vn Noise Input AC-GND —— uv
No A-weighting 26
SNR | Signal Noise Ratio f=20-20kHz, THD=1% 90 d
Control Section
UVLO |Under Voltage Lock-out \%
ImuTE Mute Current WUTE=OV 8 mA
lsHDN Shutdown Current Mipn=0V 0.2 HA
VsH SHDN Input High 1.2 v
Vs SHDN Input Low 0.5
VuH MUTE Input High 1.2 v
Vue | MUTE Input Low 0.5
oTP Over Tgmperature 165 °C
Protection
OTH Over Terr_lperature 45 oC
Hysteresis

DS2035 Ver 0.1 Jan. 2011
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EUA2035

Table 1. DC Volume Control

Preliminary
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DECREASING VOLUME

VOLUME | o \SME PIN VOLTAGE &S | (VOLUME PIN VOLTAGE AS | Class D HP

POSITION (L2RCENTAGE OF VDC) () | A PERCENTAGEOFVDC) | Gain(d) | Gain (de)
0 0.0 38 28 - 0.0 -70.0 -96.6
1 38 54 44___- 2.8 416 -40.0
2 5.4 6.8 58 - 44 -35.1 37.9
3 6.8 8.2 72 - 5.8 -26.9 35.9
4 8.2 9.6 86 - 7.2 194 -33.9
5 9.6 11.0 00 - 8.6 145 319
6 11.0 124 114 - 100 85 -20.9
7 124 138 128 - 114 6.0 -28.9
8 138 152 142 - 128 3.6 278
9 152 164 156 - 142 11 -26.8
10 164 178 170 - 156 13 -25.8
11 178 192 184 - 170 28 24.8
12 192 206 198 - 184 43 23.9
13 206 22.0 212 - 1938 53 22.9
14 22.0 234 226 - 212 5.7 22.1
15 234 24.8 240 - 226 6.1 213
16 248 262 254 - 240 6.5 205
17 262 276 268 - 254 6.9 19.7
18 276 29.0 282 - 2638 7.3 18.9
19 29.0 30.4 206 - 282 77 8.1
20 304 316 310~ 296 8.1 173
21 316 33.2 324 - 310 8.6 16,5
22 33.2 34.6 338 - 324 9.0 158
23 34.6 36.0 32 - 338 9.4 15.1
24 36.0 37.6 366 - 352 9.8 144
25 37.6 39.0 380 - 366 102 3.7
26 39.0 404 394 - 380 106 3.1
27 40.4 418 208 - 3904 11.0 124
28 418 43.2 22 - 408 114 117
29 43.2 44.6 436 - 422 118 110
30 44.6 46.0 250 - 436 122 104
31 46.0 474 264~ 450 126 9.8
32 474 48.8 478 - 464 13.0 9.2
33 48.8 50.2 292 - 418 134 8.6
34 50.2 516 506 - 492 13.8 8.0
35 516 53.0 520 - 506 142 74
36 53.0 54.4 534 - 520 146 6.8
37 54.4 55.8 548 - 534 150 6.2
38 55.8 57.2 562 - 5438 154 5.7
39 57.2 58.6 574 - 562 1538 52
40 58.6 60.0 590 - 574 162 4.7
a1 60.0 614 604 - 500 166 42
42 61.4 62.8 618 - 604 17.0 3.7
43 62.8 64.2 632 - 618 174 32
a2 64.2 65.6 646 - 632 178 2.7
45 65.6 67.0 660 - 646 1822 22
26 67.0 68.4 674 - 660 186 18
47 68.4 69.8 688 - 674 190 14
48 69.8 712 702 - 6838 194 1.0
49 712 726 716___- 702 198 0.6
50 726 74.0 730 - 716 202 02
51 74.0 754 44— 730 206 0.2
52 754 76.8 758 - 744 21.0 0.6
53 76.8 78.2 772~ 758 214 0.9
54 78.2 79.6 786____- 772 218 12
55 796 810 800 - 786 222 15
56 810 82.4 814 ___- 800 226 18
57 82.4 83.8 828 - 814 23.0 2.1
58 83.8 85.2 842 - 828 234 2.4
59 85.2 86.6 856 - 842 23.8 2.7
60 86.6 88.0 870 - 856 24.2 2.9
61 88.0 89.4 884 - 870 24.6 31
62 89.4 90.8 898 - 884 25.0 33
63 90.8 100.0 1000 - 898 25.4 35




Preliminary EUA2035

Typical Characteristics

THD+N vs Output Power vs Input THD+M vs Output Power vs Input
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Typical Characteristics (continued)
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Typical Characteristics (continued)

(%) N+QHL

0.05

0.0z
0.01

(gp) Aleassodd

-100 |

{ap) d4sd

=
i

o o
—= M

-100
-110
-120

THD+N vs Power

RL=32chm / ;" !
Gain=1 5dB .
VDD=3V/3 57447 .-’I

[y ]
T

—
L |

ASVEVSV

)
T

—

\-_--
Tttt

=ttt L ||

s
——

L

10m 20m 30m  40m S0m

Output Power (W)
Figurels.

70m  100m

Crosstalk vs Frequency
H—TT 17T
VDD=57
Cain=3.5dB
Po=10mW

-20

-30

-40

-0

-60

-7

-80

LTR

L~

a0 ,

NEENEy
[ [RTL

100 200 500 1k
Frequency (Hz)

Ty

i

20 a0 2k ak 10k 20k

Figurel?.

PSRR

(%) N+QHL

A El: VDD=5V

F Chin=3.3dB

o=
2
)
*
lw

-20
-30

-40

!

-50

60

-0
-a0

-90

o

50 100 Z00 500 1k

Frequency (Hz)
Figurelo.

2k Sk 10k 20k

THD+N vs Frequency

10 1 i TS
5F vDD=5v —
— Gain=3 5dB
2 po=10mW
1
04
0.2
0.1 —
0.05
0.02F=
0.01
0.005
0.002
0.001
20 &0 100 200 00 1k 2k gk 10k 20k
Frequency (Hz)
Figurels6.
Frequency Response
HO0—T T T
C VDD=5V
+E;" Clain=3.54B
+E
+4f —
£ o ]
ad +D/
o T
3 o
o
.E:
Eis
0t
20 &0 100 200 &00 Tk 2k Bk 10k 20Kk
Frequency (Hz)
Figurel8.
. Noise Floor
- T T
VDD=5V ‘
A0 Gain=3.5dB
AC-GND
0]
-60!
d 50!
B-WEID
r
-110
A
1201 ﬁ \
-Hnﬂrd \ ‘
-140 it \J ” |
i j\j\vn MMT”
-160°
il a0 100 200 500 1k 2k gk 10k 20k
Frequency (Hz)
Figure20.

DS2035 Ver 0.1 Jan. 2011

[{o)] |

EUTECH

MCROELECTRONICS



Preliminary EUA2035

Typical Characteristics (continued)
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Preliminary EUA2035

Typical Characteristics (continued)
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Application Information
Volume Control Operation

The VOLUME terminal controls the internal amplifier
gain. This pin is controlled with a dc voltage, wakhi
should not exceed VDC. Table 1 lists the gain as
determined by the voltage on the VOLUME pin in
reference to the voltage on VDC.

If using a resistor divider to fix the gain of thmplifier,

the VDC terminal can be directly connected to VDidl a

a resistor divider can be connected across VDC and
AGND. For fixed gain, calculate the resistor divide
values necessary to center the voltage betweetwihe
percentage points given in the first column of €abl

If using a DAC to control the class-D gain, VDC and
AGND should be connected to the reference voltage f
the DAC and the GND terminal of the DAC,
respectively. For the DAC application, VDD would be
left unconnected to VDC. The reference voltagehef t
DAC provides the reference to the internal gaiougtry
through the VDC input and any fluctuations in tha®
output voltage will not affect the EUA2035 gain.€Th
percentages in the first column of Table 1 showd b
used for setting the voltages of the DAC when the
voltage on the VOLUME terminal is increased. The
percentages in the second column should be useddor
DAC voltages when decreasing the voltage on the
VOLUME terminal. Two lookup tables should be used
in software to control the gain based on an in&eas
decrease in the desired system volume.

If using an analog potentiometer to control thenga
should be connected between VDC and AGND. VDC
can be connected to VDD or an external voltagecsur
if desired. The 2nd and 3rd column in Table 1 stidd
used to determine the point at which the gain clsng
depending on the direction that the potentiomeger i
turned. If the voltage on the center tap of the
potentiometer is increasing, the 2nd column in &abl
should be referenced to determine the trip poifitde
voltage is decreasing, the trip points in the 3otuimn
should be referenced.

The trip point, where the gain actually changes, is
different depending on whether the voltage on the
VOLUME terminal is increasing or decreasing as a
result of hysteresis about each trip point. Thadrgsis
ensures that the gain control is monotonic and doés
osdllate from one gain step to another. A pictorial
representation of the volume control can be foumd i
Figure 31.

The timing of the volume control circuitry is coolfed

by an internal 30-Hz clock. This clock determinbs t
rate at which the gain changes when adjusting the
voltage on the external volume control pins. Thanga
updates every clock cycle (nominally 32 ms) to riest
step until the final desired gain is reached. P@maple,

if the EUA2035 is currently in the 0 dB gain stemldhe
VOLUME pin is adjusted for maximum gain at +25 dB,

the time required for the gain to reach +25 dBdisteps
X 32ms/step = 1.728 seconds.

13.4 —| i T ——
Decreasing _ 1
Volume A A
13.0 J—1 Ly
g |
i v A
£ i
& 12.6 "*"* >
* A Increasing
i Volume
122—| ————>—
45.0% 46.4% 47.8%
\ | |

\ | |
46.0% 47.4% 48.8%
VOLUME Pin Voltage as a Percentage of VDC (%)

Figure 31. DC Volume Control Operation
FADE Operation

During power-up or recovery from the shutdown sfate
logic high is applied to theSHDN terminal), the
volume is smoothly ramped up from the mute state, -
dB, to the desired volume setting determined by the
voltage on the volume control terminal. Converséhg,
volume is smoothly ramped down from the currentesta
to the mute state when a logic low is applied te th
SHDNterminal.

Auto Gain Control Function

The AGC works by detecting the audio input envelope
The gain changes depending on the amplitude, thvepo
supply level, and the attack and release time. Jdin
changes constantly as the audio signal increas#/sran
decreases to suppress the clipped output sigied. T
gain step size for the AGC is 2dB. The maximum
attenuation is -12dB(preset gain=24dB) . The attack

is 24ms and the released time is 1.5Sec per step.

MUTE Operation

The MUTE pin is an input for controlling the output
state of the EUA2035. A logic low on this pin dikzh
the outputs, and a logic high on this pin enabkhes t
outputs. This pin may be used as a quick disable or
enable of the outputs without a volume fade. QuBesc
current is listed in the electrical characteriséible. The
MUTE pin can’t be left floating.

SHDN Operation

In order to reduce power consumption while notse,u
the EUA2035 contains shutdown circuitry to turn i
amplifier's bias circuitry. The amplifier is turnegff
when logic low is placed on ti$HDN pin. By switching
the SHDN pin connected to GND, the EUA2035 supply
current draw will be minimized in idle mode.
TheSHDN pin can't be left floating.

For the best power on/off pop performance, the
amplifier should be placed in the Mute mode prior to

tur ning on/off the power supply.

DS2035 Ver0.1 Jan. 2011 12
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Preliminary

Power Supply Decoupling

The EUA2035 is a high performance CMOS audio
amplifier that requires adequate power supply

Under Voltage L ock-Out (UVLO)

The EUA2035 incorporates circuitry designed to diete
when the supply voltage is low. when the supplyage

decoupling to ensure the output THD and PSRR are as drops to 1.9V or below, the eua2035 outputs arabdss

low as possible. Power supply decoupling affects lo
frequencon the power supply leads. For higher frey
response. Optimum decoupling is achieved by usimg t
capacitors of different types that target différgmes

of noise quency transients, spikes, or digital hashhe
line, a good low equivalent-series-resistance/(ESR)
ceramic capacitor, typically 1u®, placed as close as
possible to the device pg terminal works best. For
filtering lower-frequency noise signals, a largpaeitor

of 10uF (ceramic) or greater placed near the audio
power amplifier is recommended.

Input Capacitor (Ci)

and the device comes out of this state and starts t
normal functional once pb >2.0V.

Short Circuit Protection (SCP)

The EUA2035 has short circuit protection circuitg
the outputs that prevents the device from damagenwh
output-to-output and output-to-GND short. When arsh
circuit is detected on the outputs, the outputsdésable
immediately. If the short was removed, the device
activates again.

Over Temperature Protection

Thermal protection on the EUA2035 prevents the aevi
from damage when the internal die temperature elscee

Large input capacitors are both expensive and space165°C. Once the die temperature exceeds the theehal

hungry for portable designs. Clearly, a certainegiz
capacitor is needed to couple in low frequencigbauit
severe attenuation. But in many cases the speakers

in portable systems, whether internal or exterhale
little ability to reproduce signals below 100Hz160Hz.
Thus, using a large input capacitor may not ine&eas
actual system performance. In this case, inputaspa
(Ci) and input resistance (Ri) of the amplifier rfora
high-pass filter with the corner frequency determmuin
equation below,

c o1
C " omRiCi

In addition to system cost and size, click and pop
performance is affected by the size of the inpuiptiog
capacitor, Ci. A larger input coupling capacitoquees
more charge to reach its quiescent DC voltage
(nominally 1/2 \hp). This charge comes from the
internal circuit via the feedback and is apt tcateepops
upon device enable, Thus, by minimizing the capacit
size based on necessary low frequency responseomur
pops can be minimized.

Analog Reference Bypass Capacitor (Cgyp)

The Analog Reference Bypass Capacitogy(L is the
most critical capacitor and serves several importan
functions. During start-up or recovery from shutdow
mode, Gyp determines the rate at which the amplifier
starts up. The second function is to reduce noise
produced by the power supply caused by coupling int
the output drive signal. This noise is from theeingl
analog reference to the amplifier, which appears as
degraded PSRR and THD+N.

A ceramic bypass capacitordé) of 0.474F to 1.QuF is
recommended for the best THD and noise performance.
Increasing the bypass capacitor reduces clicking an
popping noise from power on/off and entering and
leaving shutdown.

point, the device outputs are disabled. This is aot
latched fault. The thermal fault is cleared once th
temperature of the die is reduced by 40°C. Thigdar
hysteresis will prevent motor boating sound weleT

device begins normal operation at this point withou
external system interaction.

How to Reduce EM|I
(Electro Magnetic I nterference)

A simple solution is to put an additional capacitor
100QuF at power supply terminal for power line
coupling if the traces from amplifier to speakere a
short (<20CM).

Most applications require a ferrite bead filtershewn at
Figure 32. The ferrite filter reduces EMI around A
and higher. When selecting a ferrite bead, choose o
with high impedance at low frequencies.

Ferrite Bead
——

OuUT+
200pF

L
-

Ferrite Bead

ouT- —C—/>

200pF

HFe 1HF

Figure 32.

DS2035 Ver 0.1 Jan. 2011

EUTECH

mmmmmmmmmmm



Preliminary EUA2035

Packaging Information

SSOP-24
i
o w
O
oo JOOOOO0O0DL
. 0.015x45" 7(4x)
-—1*-;\ /j /ﬂﬂi'r-.
el : -
5] e
| I/ —— .
el ||Lk ?l or \ 7
DETAIL "A" /
MILLIMETERS INCHES
SYMBOLS
MIN. NOM. MAX. MIN. NOM. MAX.
A 1.35 1.63 1.75 0.053 0.064 0.069
Al 0.10 0.15 0.25 0.004 0.006 0.010
A2 1.37 1.45 1.52 0.054 0.057 0.060
b 0.20 0.25 0.30 0.008 0.010 0.012
0.18 0.20 0.25 0.007 0.008 0.010
D 8.56 8.66 8.74 0.337 0.341 0.344
E 5.79 5.99 6.20 0.228 0.236 0.244
El 3.81 3.91 3.99 0.150 0.154 0.157
0.64 BSC 0.025 BSC
L 0.41 0.64 1.27 0.016 0.025 0.050
0° — 8° 0° — 8°
DS2035 Ver0.1 Jan. 2011 14

EUTECH

MCROELECTRONICS



