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DESCRIPTION

integrated

2.4W, Mono Class G

Audio Power Amplifier with AGC

FEATURES
The EUA6230 is a mono Class G power amplifier with an @

inverting charge-pump power supply and ¢

automatic gain control (AGC). The charge pump can
supply up to 500mA of peak out-put current over a 2.7V to
5V supply voltage range, guaranteeing up to 2.4W output ®
power into an R load. The AGC function can prevent ¢
distortion of the audio signal by detecting output signal
clip due to the over level input signal and compressing it

automatically.

The EUA6230 offers good performance through the class ®
G output stage, which provides efficiency levels greater e

than Class AB devices without the EMI

penalties

commonly associated with Class D amplifiers. The device
utilizes fully differential inputs and outputs, comprehensive
click-and-pop suppression, shutdown control, and soft-start

circuitry. The EUA6230 is available in 28-pin TQFN APPLICATIONS

(4mmx4mm) package.

Typical Application Circuit
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Pin Configurations

Package Type Pin Configurations

(TOP VIEW)
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Pin Description

PIN TQFN-28 DESCRIPTION
== Shudown. “High Voltage” enable IC, “Low Voltage” disable IGGHDN pin
SHDN 1 .
can not be floating.
2,5,68,11,17, . . .
NC 19.23.25 28 No Conrection. No internal connection.
C1p 3 Charge-Pump Flying Capacitor, Positive Terminal. Connect a 4.7uF capdcitor
between C1P and C1N.
CPVp 4 Charge-Pump Positive Supply
FB- 7 Negative Amplifier Feedback
IN- 9 Neagative Amplifier Input
IN+ 10 Positive Amplifier Input
FB+ 12 Positive Amplifier Feedback
ES 13 Charge-Pump Frequency Set. Connect a @fsistor from FS to GND to
set the charge-pump switching frequency.
Vee 14,22 Supply Voltage. Bypass with a 10uF capacitor to GND.
SVss 15,21 Amplifier Negative Power Supply. Connect to &V
OUT- 16 Negative Amplifier Output
GND 18 Ground
OuUT+ 20 Positive Amplifier Output
PVss 24 Chage-Pump Output. Connect a 10uF capacitor betweeg d&d CPGND.
CIN 26 Charge-Pump Flying Capacitor, Negative Terminal. Connect a 4.7uFcapfcitor
between C1N and C1P.
CPGND Z Charge-Pump Ground. Connect to GND.

NJ
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Ordering Information

Order Number Package Type Marking Operating Temper ature Range
XXXXX o °
EUA6230JIR1 TQFN-28 A6230 -40 °C to 85°C

EUAG6230 [] ] [0 O

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

Packing
R: Tape & Reel

Operating temperature range
I: Industry Standard

Package Type

J: TQFN
Simple Block Diagram
2.7V to 5.0V
A
Vee CPVpp
lres+ EUA6230
Ci Rine Res. %
' é i ; L cLassc ouT+
_| ! W > AGC OUTPUT
| YW . IN- || sTAGE ouT-
Cin Rin. Rm-é%
FB-

CHARGE Bias
PUMP oTP

CPGND

Figure2.
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Absolute Maximum Ratings

«Vce, CPVbp -0.3V1to 5.3V
« PVsg SVss -5.3V to +0.3V
« CPGND -0.3V to +0.3V
« OUT+, OUT- (S¥s0.3V) to (Vcct0.3V)
« IN+,IN-, FB+, FB- -0.3V to (¥c+0.3V)
« CIN (P\5s0.3V) to (CPGND+0.3V)
. C1P (CPGND-0.3V) to (CPy+0.3V)
« FS,SHDN -0.3V to (Vect0.3V)

. Storage temperature
« Junction Temperature
. Lead Temperature (soldering, 10s)

-65°C to 150°C

150°C

« Thermal Resistance

031 (TQFN-28)

260°C

Electrical Characteristics
(Vcc=CPVpp=SHDN=3.6V, GND=CPGND=0V, R.=Rn.=10kQ,R:s=100k2, C1=4.11.F, C2=1QuF; speaker load
resistors (R) are terminated between OUT+ and OUT-, unless otherwise statetly N to Tuax, unless otherwise
noted.Typical values are at,£25°C.)(Notes 1,2)

40°C/W

Symbol Parameter Conditions M in.EUSE;f:BOM ax. Unit
GENERAL
Vee  |Supply Voltage Range Inferred from PSRR test 2.7 5 \%
lce Quiescent Current 4.6 mA
Poiss  |Chip Power Dissipation M1=2.8Vkuns, f=1kHz, R=8Q 1.3 W
Ismen [Shutdavn Current SHDN=GND 0.1 5 HA
ton Turn-On Time ;I;lefg(:)rgrzzg;down or power-o 55 ms
Veias |Input DC Bias Voltage IN_inputs 1.1 124 1.4 \Y
fose ChargePump Oscillator lLoap=0mA (slow mode) 55 83 | 110 KHz
Frequency (Slow Mode) I oap>100mA (normal mode) 2300 330 430
C. Maximum Capacitive Load 200 pF
_ Viy 14
SHDN Input Threshold V
Vi 0.4
SHDN Input Leakage Current 1 pA
SPEAKER AMPLIFIER
Vos |Output Offset Voltage Ta=25°C +3 +40 mV
Ay  |Voltage Gain 11.5 12 12.5 dB
V=5V 2.4
=10,
Pour |Continuous Output Power 1:|-:|_1”I2IJ:|I2\I_l o Vec=4.2V 1.67 W
R.=80 Vec=3.6V 1.25
Vee=3.0v 0.8
DS6230 Verl.l Sep.2011 4
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Electrical Characteristics (continued)

(Vcc=CPVpp=SHDN=3.6V, GND=CPGND=0V, R:=Rn.=10kQ,R:s=100k, Cl1=4.7uF, C2=10uF; speaker load
resistors (IR) are terminated between OUT+ and OUT-, unless otherwise statetlyJ to Tyax, unless otherwise
noted.Typical values are at,£25°C.)(Notes 1,2)

.. EUA6230 .
Symbol Parameter Conditions Min. | Typ. | Max. Unit
SPEAKER AMPLIFIER
Vcc=2.7V to 5.0V 69
PSRR | Power-Supply Rejection Ratio |f=217Hz, 200m\_pripple 64 dB
f=1kHz, 200m\b_pripple 60
ic Di i R.=8Q, Vour=1kHz/400mW 0.01
THD+N Tot_al Harmonic Distortion Plus |~L ouT %
Noise R.=8Q, Vour=1kHz/1W 0.09
. N . Vour=0.5W, inputs to GND by
SNR | Signal-to-Noise Ratio CIN AWeighted 89 dB
i . 22Hz to22kHz 102
Noise | Output Noise - puvrms
A-weighted 71.7

Note 1:All devices are 100% production tested at room temperature. All temperature limits are guaranteed by design.

Note 2:Testing performed with resistive and inductive loads to simulate an actual speaker load. For dynamic speakers
R = 8Q, 68uH.

(&) |
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Typical Operating Characteristics

Total Harmonic Distortion Plus
Noise vs. Frequency
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Noise vs. Frequency
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Typical Operating Characteristics (continued)

Power-Supply Rejection Ration

“ vs. Frequency . Power Efficiency vs. Output Power
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Typical Operating Characteristics (continued)

Supply Current vs. Supply Voltage

Shutdown Waveform
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Typical Operating Characteristics (continued)
Charge-Pump Oscillation Frequency vs. R_
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Detail Description changes constantly as the a_udio signal ingreases and/(_)r
. L . decreases to suppress the clipped output signal. The gain
The EUA6230 Class G power amplifier with inverting g size for the AGC is 2dB. The maximum attenuation is

chargepump is the latest in linear amplifier technology. 154p  The attack time is 18ms and the released time is
The Class G output stage offers the performance of f1ogac per step according to 100R:s,

Class AB amplifier while increasing efficiency to extend
battery life. The . integrated inverting chargg pump pplication I nformation
generates a negative supply capable of delivering up tQ. . .

500mA. ifferential Input Amplifier

The Class G output stage and the inverting charge punid®@ BUJA6230 features a differential input configuration,

allow the EUA6230 to deliver an output power that is uphaking the device compatible with many CODECs, and
to four times greater than a traditional single-supply lineaffering improved noise immunity over a single-ended
amplifier. This allows the EUA6230 to maintain 0.8w input amplifier. In devices such as PCs, noisy digital

into an & load as the battery rail collapses. signals can be picked up by the amplifier’s input traces.
The signals appear at the amplifiers’ inputs as

common-mode noise. A differential input amplifier

The EUA6230 Class G amplifier is a linear amplifier thatamplifies the difference of the two inputs, and signals
operates within a low (M to GND) and high (¥c to common to both inputs are canceled out. When
SVsg supply range. configured for differential inputs, the voltage gain of the

During operation, the output common-mode voltage ofEUA6230 is set by:

the EUA6230 adjusts dynamically as the device

transitions between suppl RFB
PRIy ranges. Ay = 20log 4x = | |(dB)

Utilizing a Class G output stage with an inverting charge RIN

pump allows the EUA6230 to realize a 2.4Woutput power -

with a 5V supply. where AV is the desired voltage gain in dBy.Rshould be

The theoretical best efficiency of a linear amplifier is 78%2qualto Rn-and Rs. should be equal todg. The Class

however, that efficiency is only exhibited at peak outpufs output stage has a fixed gain of 4V/V (12dB). Any gain

powers. Under normal operating levels (typical music®r attenuation set by the external input stage resistors will

reproduction levels), efficiency falls, where as theadd to or subtract from this fixed gain. See Figure 22.

EUA6230 still exhibits high efficiency under the same

conditions.

Inverting Charge Pump %
R :

Class G Operation and Efficiency

FB+ EUA6230

The EUA6230 features an integrated charge pump with an _ﬁ' M— Lk ; CLASS G
inverted supply rail that can supply greater than700mA ;v o In 2> | 5
over the positive 2.7V to 5V supply range. In the case of = R n%
the EUA6230, the charge pump generates the negative

supply rail (PVSS) needed to create the higher supply

range, which allows the output of the device to operate

over a greater dynamic range as the battery supply )
collapses over time. Figure.22

Shutdown M ode In differential input configurations, the common-mode
Fejection ratio (CMRR) is primarily limited by the
external resistor and capacitor matching. Ideally, to
achieve the highest possible CMRR, the following
external components should be selected where:

FB-

The EUA6230 has a shutdown mode that reduces powe
consumption and extends battery life. DrivilgHDN

low places the EUA6230 in a low-power (0.3pA)
shutdown mode. ConnecsHDN to VCC for normal

operaion.SHDN pin can't be floating. Reg+ _ REB-
Click-and-Pop Suppression Rin+ RIN-

During startup and shutdown, the click-and-pop
suppression circuitry eliminates audible pop noise to the
output. Cin+ =Cne

Auto Gain Control Function

and

The AGC works by detecting the audio input envelope.
The gain changes depending on the amplitude, the power
supply level, and the attack and release time. The gain

DS6230 Verl.l Sep.2011 10
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Component Selection Thermal Considerations

Input-Coupling Capacitor Class G amplifiers provide much better efficiency and

The AGcoupling capacitors (G) and input resistors thermal performance than a comparable Class AB
(R ) form high pass filters that remove any DC bias@mplifier. However, the system’s thermal performance
from a input signal (see the Typical Application Must be considered with realistic expectations and include

Circuit/Functional Diagram). & blocks DC voltages consideration Qf many parameters. This section gxamines
from the amplifier. The -3dB point of the high pass f”ter'CIass G .ampllfler.s using general examples to illustrate
assuming zero source impedance due to the input sigr@0d design practices.

source, is given by:

1

f =
“HB T 2mxR )y xCyy

(Hz)

Choose @ so that £gqg is well below the lowest
frequency of interest. Setting.sfg too high affects the
amplifier’s low frequency response. Use capacitors with
low-voltage coefficient dielectrics. Aluminum electrolytic,
tantalum, or film dielectric capacitors are good choices for
AC-coupling capacitors. Capacitors with high-voltage
coefficients, such as ceramics, can result in increased
distortion at low frequencies.

Charge-Pump Capacitor Selection

Use capacitors with an ESR less than Q0for optimum
performance. Low-ESR ceramic capacitors minimize the
output resistance of the charge pump. For best
performance over the extended temperature range, select
capacitors with an X7R dielectric.

Flying Capacitor (C1)

The value of the flying capacitor (C1) affects the load
regulation and output resistance of the charge pump. A C1
value that is too small degrades the device's ability to
provide sufficient current drive. Increasing the value of
C1 improves load regulation and reduces the charge-pump
output resistance to an extent. Above 1uF, the
on-resistance of the switches and the ESR of C1 and C2
dominate. A 4.7uF capacitor is recommended.

Hold Capacitor (C2)

The output capacitor value and ESR directly affect the
ripple at PVSS. Increasing C2 reduces output ripple.
Likewise, decreasing the ESR of C2 reduces both ripple
and output resistance. A 10uF capacitor is recommended.

Charge-Pump Frequency Set Resistor (Rrs)

The darge pump operates in two modes. When the
charge pump is loaded below 100mA, it operates in as
low mode where the oscillation frequency is reduced to
1/4 of its normal operating frequency. Once loaded, the
charge-pump oscillation frequency returns to normal
operation. In applications where the design may be
sensitive to the operating charge-pump oscillation
frequency, the value of the external resistgg Ban be
changd to adjust the charge-pump oscillation frequency.

DS6230 Verl.l Sep.2011 11
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Packaging Information

TQFN-28
D1
JUU U Uyl
O -
Jﬁ} -
- _T_E_ -
D -
D -
D -
o -
NNNAN rm
A b
i
el T
_T—
i1
MILLIMETERS INCHES
SYMBOLS
MIN. MAX. MIN. MAX.
A 0.70 0.80 0.028 0.031
Al 0.00 0.05 0.000 0.002
b 0.15 0.25 0.006 0.010
3.90 4.10 0.154 0.162
D 3.90 4.10 0.154 0.162
D1 1.90 2.65 0.075 0.104
E1 1.90 2.65 0.075 0.104
d 0.40 BSC 0.016 BSC
L 0.30 0.50 0.012 0.020
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