EUA2045

EUTECH

l' Non-Clip, Low EMI, 2.8W Mono Filterless Class-D

MICROELECTRONICS Audio Power Amplifier with Auto-Recovery
DESCRIPTION FEATURES
The EUA2045 is a high efficiency, 2.8W mono class-D ®  Unigue Modulation Scheme Reduces EMI Emissions
audio power amplifier with non-clip. A low noiséltérless ® Unique Non-Clip function , Variable NCN1,
PWM architecture eliminates the output filter, reithg NCN2,NCNOFF mode Select
external component count, system cost, and siniplify =~ ®  Short Circuit Auto-Recovery
design. ® Efficiency at 3.6V With an & Speaker:
Operating in a single 5V supply, EUA2045 is capatile - 84% at 400 mW
driving 4Q speaker load at a continuous average output of ®  Low Quiescent Current and
2.8W/10% THD+N or 2.2W/1% THD+N. The EUA2045 Shutdown Current

has high efficiency with speaker load compared tigpacal ® 2.5V to 5.5V Wide Supply Voltage
class AB amplifier. With a 3.6V supply driving arf28 ®  Shutdown Pin Compatible with 1.8V Logic GPIO

speaker , the efficiency for a 400mW power level4o. ® Optimized PWM Output Stage Eliminates
EUA2045 feature non-clip output control function iath LC Output Filter o

detects output signal clip due to the over levplirsignal ® Improved PSRR (-68 dB) Eliminates Need for a
and suppress the output signal clip automaticAllso the Voltage Regulator

non-clip output control function can adapt the outplip ® Fully D_iffgrential Design Redupes RF Rectification
cause by power supply voltage down with battery. and Eliminates Bypass Capacitor

In cellular handsets, the earpiece, speaker phand,
melody ringer can each be driven by the EUA2045.

® Improved CMRR Eliminates Two Input
Coupling Capacitors
Internally Generated 325-kHz Switching

The EUA2045 is available in space-saving WCSP and Frequency

TDFN-8 packages.

Typical Application Circuit

® Integrated Pop and Click Suppression Circuitry

® 1.5mmx1.5mm Wafer Chip Scale Package (WCSP)
and 3mmx 3mm TDFN-8 Package

® ROHS Compliant and 100% Lead(Pb)-Free
Halogen-Free

APPLICATIONS

() Ideal for Wireless or cellular Handsets and PDAs
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EUA2045

Pin Configurations

Package . , . Package . ) .
Type Pin Configurations Type Pin Configurations
(TOP VIEW)
® I\ VDD VOP (TOP VIEW)
77N TN 7N
\ \ \ P R
A1 \ A2 ) \ A3 J PGND | 1 J} } L_8__ VOP
N_ - N_ - N_ - o / i
P M= PR VON| 2! i ' 7 |vbD
WCSP-9 AT N A TDFN-8 -S4 Thermal Pt
B1 \ B2 | B3 ! Pad i
/ / M= ! 1 ! [t |
N_ N ~N_ CTRL[3 @ | | 16 | VREF
INN CTRL VON L___ i i I
P TN 77N INN[4) ¢ 1 I5]INP
c1 ) 2V /e )
;)\ \
N~ N_ - N_ v~
Pin Description
PIN WCSP-9 TDFN-8 I/O DESCRIPTION
INP Al 5 A Positive input terminal (differential +)
VDD A2 7 Power | Power supply
VOP A3 8 O Positive output terminal (differential +)
AGND B1 Thermal Pad GND | GND for analog circuits
VREF B2 6 A Analog reference power supply terminal
PGND B3 1 GND | GND for output
INN C1 4 A Negative input terminal (differential -)
CTRL Cc2 3 I Shut down and Non-clip control terminal
VON C3 2 o] Negative output terminal (differential -)

(Note) I: Input terminal

O: Output terminal

A: Alog terminal
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EUA2045

Ordering Information

Order Number Package Type Marking Operating Temperatire Range
EUA2045HIR1 WCSP-9 100 -40 °C to +85°C

XXXXX o o
EUA2045JIR1 TDFN-8 A2045 -40 °C to +85°C

EUA2045 [] [ O O

Lead Free Code
1: Lead Free, Halogen-Free

Packing
R: Tape & Reel

Operating temperature range
I: Industry Standard

Package Type
H: WCSP
J: TDFN
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Absolute Maximum Ratings

= Supply Voltage, ¥p
« Voltage at Any Input Pin
« Junction Temperature ydax
« Storage Temperature RangyT

-0.3Vto 6V

-0.3Vto \pp +0.3V

150°C

-65°C to 150°C

EUA2045

= ESD Susceptibility 2kv
« Lead temperature 1,6 mm (1/16 inch) from case faselfdnds 260°C
= Thermal Resistance
054 (WCSP-9) 110°C/W
0,4 (TDFN-8) 72°CIW
Recommended Operating Conditions
Min. Max. Unit
Supply voltage, ¥p 2.5 5.5 \%
Common mode input voltage rangege V Vpp=2.5V,5.5V,CMRR -49dB 0.5 \bp-0.8 \Y
Operating free-air temperaturey, T -40 85 °C
Electrical Characteristics Ta = 25°C (Unless otherwise noted)
i EUA204:% :
Symbol Parameter Conditions Min. | Typ. | Max. Unit
Output offset voltage _ _
IVod (measured differentially) V= OV,Ay=2 VIV, Vpp=2.5V t0 5.5V 1 25 mvV
PSRR | Power supply rejection ratio ppE 2.5V to 5.5V -68 -55 dB
llin|  |High-level input current Vo= 5.5V, V|= 5.8V 1 nA
lli|  |Low-level input current Wo= 5.5V, Vi=-0.3V 1 nA
Vpp= 5.5V, no load 4.8
l@ |Quiescent current Vpp= 3.6V, no load 4.0 mA
Vpp= 2.5V, no load 3.5
lspy |Shutdown current Mrri=0V, Vpp= 2.5V to 5.5V 0.5 pA
. . VDD= 2.5V 700
rDS(on) Static drain-source on-state Vo= 3.6V 500 mo
resistance
VDD= 55V 400
fswy  |Switching frequency Mo= 2.5V to 5.5V 270 325 380 kHz
Vv Power supply start-up threshold > Vv
UVLH - lyoltage
Vouil Power supply shutown threshols 18 Vv
voltage

DS2045 Ver0.1 Mar. 2012

EUTECH

cccccccc

oNCS



Electrical Characteristics Tp = 25°C ,Gain= 2V/V,R =8 (Unless otherwise noted)

EUA2045

EUA204<

Symbol Parameter Conditions Min. | Typ. | Max. Unit
Vpp= 5V 2.8
THD+N=10%, _
t=1kHz, R=d0 |VD0= 3-8V 1.42 w
Vpp= 2.5V 0.68
Vpp= 5V 2.26
THD+N=1%, —
f=1kHz, R.=4Q Vpp= 3.6V 1.14 w
P Output power Vpp= 2.5V 0.54
° Vpp= 5V 1.67
THD+N=10%, -
f=1kHz, R=g0 |Voo= 3.6V 0.86 W
VDD= 2.5V 0.42
VDD= 5V 1.36
THD+N=1%, -
f=1kHz, R=g0 |Voo= 3.6V 0.69 w
Vpp= 2.5V 0.33
) . . VDD= 5V,Po=lW, R =8Q, f=1kHz 0.15
THD+N ;ﬂg'n*:)"’i‘;gw”'c distortion 1y = 3.6V, R=0.5W, R.=80, f=1kHz 0.15 %
Vpp= 2.5V,R=200mW,R =8Q, f=1kHz 0.15
Vpp= 3.6V, Inputsf=217 Hz,
kKSVR | Supply ripple rejection ratio |ac-grounded withV gjpp e=200mVpp -60 dB
C|= 2|1F
SNR | Signal-to-noise ratio Vpp= 5V,Po=1W, R =8Q 89 dB
Vpp= 3.6V, No weighting 181
f=20Hz to
vn Output voltage noise 20kHz,Inputs o 1VRrms
ac-grounded withA Weighting 140
C|: 2},[F
tstup  |Start-up time Cr=(F 32 ms
vk Wake-up mode settling 180 ms
time
tsp Shutdown settling time 180 ms
twop |Each mode settling time 0.1 ms
NCN
Non-clipl mode setting
VNent preshold voltage 1.20 Voo v
Non-clip2 mode setting
Vo2 - ihreshold voltage 0.80 1.10 v
Non-clip off mode setting
Vneno hreshold voltage 0.36 0.68 v
Shut down mode setting
Vso  |threshold voltage 0 0.14 v
taT1 Attack time 1 \bp= 3.6V 45 ms
tri1  |Release time 1 3= 3.6V 2.6 S
tar2 Attack time 2 \bp= 3.6V 10 ms
trL2 Release time 2 dh= 3.6V 1.2 S
Amax -10 dB
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EUA2045
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Figure2.
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Typical Operating Characteristics

EFFICIENCY vs OUTPUT POWER

EFFICIENCY vs OUTPUT POWER
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EUA2045

SUPPLY CURRENT vs SUPPLY VOLTAGE

SUPPLY CURRENT vs SHUTDOWN VOLTAGE
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Figure9. Figurel0.
OUTPUT POWER vs SUPPLY VOLTAGE 25 OUTPUT POWER vs SUPPLY VOLTAGE
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Figurell. Figurel2.
OUTPUT POWER vs SUPPLY VOLTAGE TOTAL HARMONIC DISTORTION+NOISE vs QUTPUT POWER
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Figure13. Figurel4.
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EUA2045

THD+N-Total Harmonic Distortion+Moise-%% THD+N-Total Harmonic Distortion+Noise-%

THD+N-Total Harmonic Distortion+Noise-%

TOTAL HARMONIC DISTORTION+NOISE vs QUTPUT POWER
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SUPPLY RIPPLE REJECTION RATIO vs FREQUENCY
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EUA2045

SUPPLY RIPPLE REJECTION RATIO vs FREQUENCY

SUPPLY RIPPLE REJECTION RATIO vs FREQUENCY
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EUA2045

COMMON-MODE REJECTION RATIO
vs COMMON MODE INPUT VOLTAGE
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Application Information
Fully Differential Amplifier

The EUA2045 is a fully differential amplifier thégatures
differential inputs and outputs. The EUA2045 al
includes a common mode feedback loop that conthals
output bias value to average it app2 for any DC e
common mode input voltage. This allows the devizecx.
always have a maximum output voltage swing, and
consequence, maximize the output power. Moreower
the load is connected differentially, compared to
single-ended topology, the output is four timeshkigfor
the same power supply voltage. The fully differehti
EUA2045 can still be used with a single-ended input
however, the EUA2045 should be used with differdnti
inputs when in a noisy environment, like a wireless
handset, to ensure maximum noise rejection.

Advantages of Fully Differential Amplifiers
The advantages of a full-differential amplifier are

® \ery high PSRR (Power Supply Rejection Ratio).

® High common mode noise rejection.

® \Virtually zero pop without additional circuitry,
giving an faster start-up time compared to
conventional single-ended input amplifiers.

® No input coupling capacitors required thanks to
common mode feedback loop.

® Midsupply bypass capacitor not required.

VvDD
1

Input
Buffer

+
Differential
Input N

Retrl1
CTRL1 O——/\WV

T Control
Rotiz | gt
4
CTRL2 v I
Retra
VREF VREF
= F‘: Generator
cr
1uFI
= AGND PGND

C,
(d INP VOP
. . — g
Differential Input H-Bridge
Input G INN Buffer P i
_( ] VON
Retrl1 CTRL AGC
Rtz | oot
0.4
CTRL2 ! I
Rens
VREF VREF
= _L—f Generator
cr
wFI

Figure 30. Differential Input Configuration and Inp ut
Capacitors
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>
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Figure 31. Single-Ended Input Configuration

Short Circuit Auto-Recovery

When a short circuit event happens, the EUA2045 goe
shutdown mode and tries to reactivate itself aftaw
milliseconds. This auto-recovery will continue Urttie
short circuit event is removed.

Power Supply Decoupling Capacitor (G)

The EUA2045 is a high-performance CMOS class-D
audio amplifier that requires adequate power supply
decoupling to ensure the efficiency is high andaltot
harmonic distortion (THD) is low. For higher fremoy
transients, spikes, or digital hash on the lingpad low
equivalent-series-resistance (ESR) ceramic capacito
typically 1uF, placed as close as possible to the device
Vpp lead works best. Placing this decoupling capacitor
close to the EUA2045 is very important for the @ffincy

of the class-D amplifier, because any resistance or
inductance in the trace between the device and the
capacitor can cause a loss in efficiency. For rfiip
lower-frequency noise signals, auElor greater capacitor
placed near the audio power amplifier would aldp.he

Single-Ended Input Depop Function

In single-ended input application, there is an iehdy
voltage difference in input pairs when shutdown is
released. In order to eliminate pop noise, the pop
cancellation circuit need to charge the input ciapac

until fully-differential inputs are balanced and tjout
power to load gradually.

Protection Function

EUA2045 has the following protection functions ftve
digital amplifier; Over-current Protection function
Thermal Protection function, and Low voltage
Malfunction Prevention function.

® Over-current Protection Function

This is the function to establish the over-current
protection mode when detecting a short circuit leetw
EUA2045 differential output terminal and VSS, VD@,
another differential output. In the over currendtpction
mode, the differential output terminal becomes ghhi
impedance state.

DS2045 Ver0.1 Mar. 2012
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EUA2045

The over current protection mode can be cancelled b Front Circuit EUA2045
shut down or turning on the power again. Z,ur INP

® Thermal Protection Function

This is the function to establish the thermal prtita
mode when detecting excessive high temperature of
EUA2045 itself. In the thermal protection mode, the
differential output terminal becomes Weak Low stéde
state grounded through high resistivity). And, when
EUA2045 gets out of such condition, the protectioode

is cancelled.

® Low voltage Malfunction Prevention function

INN

*CnS 0
(@ Front Circuit Output (@DC Bias Point
Figure 32. Circuit Diagram
This is the function to establish the low voltagetpction
mode when VDD terminal voltage becomes lower than 3
the detection voltage (W) for the low voltage Toy 2 Cyy x330%10° %3 (1)

malfunction prevention and to cancel the protectimte  |n order to return from the shut-down mode a désire
when VDD terminal voltage becomes higher than themode needs to be set after setting both CTRL1 and
threshold voltage (M.+) and by return procedure form CTRL2 to H level during . In addition, at startup,

shut down for its deactivation. cancel the shut-down mode after supply voltagesbas
(In sag state , this function works and EUA20450mees  Sufficiently stabilized.
a low VO|tage prOteCtiOﬂ mOde_) Shut down Return from power down Example )Non-Clip Off

tso twk twks

In the low voltage protection mode, the differehtiatput

pin becomes Weak Low state (a state grounded throug

high resistivity). EUA2045 will start up within the CTRL1
start-up time (Erup when the low voltage protection

mode is cancelled. L : L
Control Function

CTRL2
® VREF terminal output . Y Y
The voltage of VDD/2 is output from the VREF ter@iin
Capacitor (LF) is connected between the VREF terminal
and GND for stabilization. Figure 33.

® Shut down and Initialization function

When CTRL terminal is connected to GND potentiag t

IC goes to the shut-down mode. In the mode, all theBy connection external resistors (Rctrll, Rctrihda
circuit functions stop and its current consumption Rctrl3: Accuracy of 1%) to CTRL terminal, and
becomes the lowest. And, the output terminals becom impression setting threshold voltage of each maule t

® CTRL terminal function

Weak Low (A high resistance grounded state). CTRL _terminal, thg followings can be set : Non-Clip
When in the shut-down mode, the level of the teahin Non-clip2, Non-Clip OFF, and shut-down mode. When
must not be changed from GND level durigg t turning on the supply voltage or canceling the sfawn

On the contrary, when CTRL terminal is set to Helethe ~ Mode, control the CTRL terminal according to praged
shut-down mode is canceled and the IC starts wgr aft for canceling shut-down (See Page6.)

startup time @rup). Connect the terminal to the ground through a capaci
Caution : Cctrl (a ceramic capacitor of QUuE or more).

Please start up the former source circuit firsstibilize
the DC bias point (See Figure-82) and then cancel the
shut-down state of EUA2045. The timex(Y) required to
stabilize the voltage can be found by the formutseé (1)
shown below). And, signal variation in the formeusce
circuit should be a value lower than PVDD.
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1.8~5.0V
CTRL1 Rectri1
Micr
com;uc:er —LICTRL
CTRL2 Rctrl2
L Retrl3 ’IIOC‘;‘J::
Figure 34. )
CTRL1 CTRL2 Function
H H Non-Clip 1 mode
H GND Non-Clip 2 mode
GND H Non-Clip Off mode
GND GND Shut-down mode

“H” level indicates a microcomputer’s I/O port Hvid

output voltage that is input to CTRL1 and CTRL2
terminals and GND indicates GND of the microcompute

GND level of the microcomputer must be the samthals

of EUA2045.

The control of CTRL terminal is based on I/O porigdel
output voltage of microcomputer that is connected.

Set resistance constants according to I/O port \+lle

output voltage of each microcomputer as shown helow

I/0 port H
leveloutput | 4 g\, | 5 gy | 3.0v | 3.3v | 5.0v
voltage of
microcomputer
Rctrl 1 2710 | 33kQ | 33k | 33kQ | 56kQ
Rctrl 2 56l | 68kQ | 68kQ | 68KQ | 120k
Rctrl 3 82IQ) | 27kQ | 22kQ | 18kQ | 15kQ

Functions of CTRL pin are designed with their cohby
two control pins (CTRL1 and CTRL2).
Only a switching control between Non-Clipl mode and application specific.

Shut-down mode is available when a single control Ferrite bead and capacitance placed close to t&2B45
terminal is used. A setting voltage should be sebaling
to Vnent AND Vgp , and use a RC filter with time bead with the high impedance around 100MHz anda ve
constant of Imsec or more in order to eliminateseait
transmission side such as Micon etc.
Rctrl=10k2 and Cctrl=0.14F).

1.8~5.0V

Micro
computer

L

CTRL1 Rectri1

]CTRL
10KQ

Cctrl

IOJuF

Figure 35.

CTRL1 Function
H Non-Clip 1 mode
GND Shut-down mode
PCB Layout

As output power increases, interconnect resistéRCGB
traces and wires) between the amplifier, load amaep
supply create a voltage drop. The voltage loss ten t
traces between the EUA2045 and the load resultsvier
output power and decreased efficiency. Higher trace
resistance between the supply and the EUA2045Has t
same effect as a poorly regulated supply, increpgde

on the supply line also reducing the peak outputgro
The effects of residual trace resistance increasesitput
current increases due to higher output power, dsed
load impedance or both. To maintain the highespwut
voltage swing and corresponding peak output pother,
PCB traces that connect the output pins to the dwatithe
supply pins to the power supply should be as wisle a
possible to minimize trace resistance.

The use of power and ground planes will give thet be
THD+N performance. While reducing trace resistatioe,
use of power planes also creates parasite capaditat
help to filter the power supply line.

The inductive nature of the transducer load cao edsult

in overshoot on one or both edges, clamped by the
parasitic diodes to GND andpy in each case. From an
EMI stand- point, this is an aggressive waveforat tan
radiate or conduct to other components in the systed
cause interference. It is essential to keep theepamd
output traces short and well shielded if possiklee of
ground planes, beads, and micro-strip layout teples
are all useful in preventing unwanted interference.

As the distance from the EUA2045 and the speaker
increase, the amount of EMI radiation will increasece
the output wires or traces acting as antenna becoane
efficient with length. What is acceptable EMI igghly

may be needed to reduce EMI radiation. Select tder

low DCR value in the audio frequency range is teetb

(Example.choice. The MPZ1608S221A1 from TDK is a good

choice.

Vo:

g e
=

8Q

FERRITE
CHIP BEADS

ot 2
:l: n

Figure 36. Optional EMI Ferrite Bead Filter

R.=
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Packaging Information
WCSP-9

Y. A

SYMBOLS MILLIMETERS INCHES
MIN. MAX. MIN. MAX.
A - 0.675 - 0.027
Al 0.15 0.35 0.006 0.014
D 1.45 1.55 0.057 0.061
D1 0.50 0.020
E 1.45 1.55 0.057 0.061
El 0.50 0.020
DS2045 Ver0.1 Mar. 2012 15
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TDFN-8

A N O R O B

_J
Bl
.
Bl

DETAIL A
Thermal Pad Option

SYMBOLS MILLIMETERS INCHES
MIN. MAX. MIN. MAX.

A 0.70 0.80 0.028 0.031
Al 0.00 0.05 0.000 0.002
b 0.20 0.40 0.008 0.016
2.90 3.10 0.114 0.122
D1 1.90 2.35 0.075 0.093
E 2.90 3.10 0.114 0.122
E1l 1.50 1.75 0.059 0.069

0.65 0.026
L 0.25 0.45 0.010 0.018

DS2045 Ver0.1 Mar. 2012 16

EUTECH

cccccccccccc



