NCP2993

Audio Power Amplifier, 1.3 W,
with Selectable Fast Turn-On

Time

The NCP2993 is an audio power amplifier designed for portable
communication device applications such as mobile phone
applications. The NCP2993 is capable of delivering 1.3 W of
continuous average power to an 8.0 Q BTL load from a 5.0 V power
supply, and 1.1 W to a 4.0 © BTL load from a 3.6 V power supply.

The NCP2993 provides high quality audio while requiring few
external components and minimal power consumption. It features a low
—power_consumption shutdown mode, which is achieved by driving the
SHUTDOWN pin with logic low.

The NCP2993 contains circuitry to prevent from “pop and click” noise
that would otherwise occur during turn—on and turn—off transitions. It is
a zero pop noise device when a single ended or a differential audio input
is used.

For maximum flexibility, the NCP2993 provides an externally
controlled gain (with resistors). In addition, it integrates 2 different
Turn On times (15 ms or 30 ms) adjustable with the TON pin.

Due to its superior PSRR, it can be directly connected to the
battery, saving the use of an LDO.

This device is available in a 9-Pin Flip—Chip CSP package with a
0.4mm pitch (Lead-Free).

Features

® 1.3 Wtoan 8.0 Q2 BTL Load from a 5.0 V Power Supply

® Best—in—Class PSRR: up to —88 dB, Direct Connection to the
Battery

Zero Pop Noise Signature with a Single Ended Audio Input
Ultra Low Current Shutdown Mode: 10 nA

2.5 V-5.5 V Operation

External Gain Configuration Capability

External Turn—on Time Configuration Capability: 15 ms or 30 ms
Thermal Overload Protection Circuitry

This is a Pb—Free Device*

Typical Applications

® Portable Electronic Devices

® PDAs

® Wireless Phones

*For additional information on our Pb-Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques Reference
Manual, SOLDERRM/D.

© Semiconductor Components Industries, LLC, 2011 1
November, 2011 - Rev. 1

ON Semiconductor®
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Figure 1. Typical Audio Amplifier Application Circuit with Single Ended Input
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Figure 2. Typical Audio Amplifier Application Circuit with a Differential Input
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NCP2993

PIN DESCRIPTION

Pin Name Type Description

Al INM | Negative input of the first amplifier, receives the audio input signal. Connected to the feedback
resistor R¢ and to the input resistor Rjp,.

A2 OUTA ) Negative output of the NCP2993. Connected to the load and to the feedback resistor Rf.

A3 INP | Positive input of the first amplifier, receives the common mode voltage.

B1 VM | Analog Ground.

B2 TON | TON pin selects 2 different Turn On times:

TON = GND -> 30 ms
TON =VP -> 15 ms

B3 VP | Positive analog supply of the cell. Range: 2.5 V-5.5 V.

C1 BYPASS | Bypass capacitor pin which provides the common mode voltage (Vp/2).

C2 ouTB 0o Positive output of the NCP2993. Connected to the load.

C3 SHUTDOWN I The device enters in shutdown mode when a low level is applied on this pin.

MAXIMUM RATINGS (Note 1)

Rating Symbol Value Unit
Supply Voltage Vp 6.0 \%
Operating Supply Voltage Op Vp 251055V -
Input Voltage Vin -0.3to Vg +0.3 \%
Power Dissipation (Note 2) Pd Internally Limited -
Operating Ambient Temperature Ta -40to +85 °C
Max Junction Temperature Ty 150 °C
Storage Temperature Range Tstg -65 to +150 °C
Thermal Resistance Junction—to-Air Roua (Note 3) °C/W
ESD Protection Human Body Model (HBM) (Note 4) - 2000 \%

Machine Model (MM) (Note 5) 200

Latchup Current @ Tp = 85°C (Note 6) - +100 mA

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the

Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect

device reliability.

1. Maximum electrical ratings are defined as those values beyond which damage to the device may occur at Ta = +25°C.

2. The thermal shutdown set to 160°C (typical) avoids irreversible damage on the device due to power dissipation.

3. The Rgya is highly dependent of the PCB Heatsink area. For example, Rgya can equal 195°C/W with 50 mm? total area and also 135°C/W with
500 mm2. The bumps have the same thermal resistance and all need to be connected to optimize the power dissipation.

4. Human Body Model, 100 pF discharge through a 1.5 kQ resistor following specification JESD22/A114.

5. Machine Model, 200 pF discharged through all pins following specification JESD22/A115.
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NCP2993

ELECTRICAL CHARACTERISTICS Limits apply for Tp between -40°C to +85°C (Unless otherwise noted).

Min Max
Characteristic Symbol Conditions (Note 6) Typ (Note 6) | Unit
Supply Quiescent Current lgd Vp =25V, No Load - 1.8 35 mA
Vp =5.0V, No Load - 1.95
Vp=25V,8Q - 1.8 35
Vp=50V,8Q - 1.95
Common Mode Voltage Vem - - Vp/2 - \%
Shutdown Current Isb - 0.02 0.5 uA
Shutdown Pull-Down Rsp - 300 - k€2
Shutdown Voltage High VspiH - 1.2 - - \%
Shutdown Voltage Low VspiL - - - 0.4 \%
Turn On Time (Note 8) Twu TON = GND - 30 - ms
TON = VP 15
Turn Off Time Torr - - 1.0 - us
Output Impedance in Shutdown Mode Zsp - - 8.5 - kQ
Output Swing Vioadpeak Vp=25V, RL=8.0Q 1.9 2.3 - \%
Vp=5.0V, R =8.0Q (Note 7) -
Ta = +25°C 3.8 4.6
RMS Output Power Po Vp=25V, RL=4.0Q - 0.5 - W
THD +N< 1%
Vp=25V, RL=8.0Q 0.32
THD +N< 1% - -
Vp=50V, RL=8.0Q 13
THD +N< 1%
Maximum Power Dissipation (Note 8) PDmax Vp=5.0V, RL=8.0Q - - 0.65 w
Output Offset Voltage Vos Vp=25V - 1.0 - mV
Vp=5.0V
Signal-to—-Noise Ratio SNR Vp=25V,G=20 - 91 - dB
20Hz < F <20 kHz
Positive Supply Rejection Ratio PSRR V+ G=20 R.=80Q dB
Cpy = 1.0 uF
Input Grounded
F=217Hz
Vp=50V - -88 -
Vp=42V - -88 -
Vp=3.0V - -88 -
F=1.0kHz
Vp=5.0V - -88 -
Vp=42V - -88 -
Vp=3.0V - -88 -
Efficiency n Vp =25V, Poms =320 mW - 70 - %
Vp=5.0V, Poyms =1.0W - 60 -
Thermal Shutdown Temperature Tsq - 160 - °C
Total Harmonic Distortion THD Vp =25V, F=1.0kHz - - - %
RL=4.0Q, Ay=2.0 - 0.015 -
Po=0.32W - - -
Vp=5.0V, F=1.0kHz - - -
RL=8.0Q, Ay=2.0 - 0.01 -

Po=1.0W

6. Min/Max limits are guaranteed by design, test or statistical analysis.
7. This parameter is guaranteed but not tested in production in case of a 5.0 V power supply.

8. See page 10 for a theoretical approach of this parameter.
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NCP2993

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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NCP2993

APPLICATION INFORMATION

Detailed Description

The NCP2993 audio amplifier can operate under 2.5 V
until 5.5 V power supply. With less than 1% THD + N, it
can deliver up to 1.35 W RMS output power to an 8.0
load (Vp = 5.0 V). If application allows to reach 10%
THD + N, then 1.65 W can be provided using a 5.0 V
power supply.

The structure of the NCP2993 is basically composed of
two identical internal power amplifiers; the first one is
externally configurable with gain—setting resistors R;, and
Rt (the closed—loop gain is fixed by the ratios of these
resistors) and the second is internally fixed in an inverting
unity—gain configuration by two resistors of 20 k€2. So the
load is driven differentially through OUTA and OUTB
outputs. This configuration eliminates the need for an
output coupling capacitor.

Internal Power Amplifier

The output PMOS and NMOS transistors of the amplifier
were designed to deliver the output power of the
specifications without clipping. The channel resistance
(Ron) of the NMOS and PMOS transistors does not exceed
0.6 Q when they drive current.

The structure of the internal power amplifier is
composed of three symmetrical gain stages, first and
medium gain stages are transconductance gain stages to
obtain maximum bandwidth and DC gain.

Turn-On and Turn-Off Transitions

When a shutdown low level is applied, the output level
is tied to Ground on each output after 10 ps.

With Ton = GND, turn on time is set to 30 ms. With Ton
= Vp, turn on time is set to 15 ms. To avoid any pop and click
noises, Rj, * Ci, < 2.4 ms with Ton = GND and R, * Cj,
< 1.2 ms with Ton = Vp. The electrical characteristics are
identical with the 2 configurations. This fast turn on time
added to a very low shutdown current saves battery life and
brings flexibility when designing the audio section of the
final application.

NCP2993 is a zero pop noise device when using a
single—ended or differential audio input configuration.

Shutdown Function

The device enters shutdown mode when shutdown signal
is low. During the shutdown mode, the DC quiescent
current of the circuit does not exceed 100 nA. In this
configuration, the output impedance is 8.5 k€2 on each
output.

Current Limit Circuit

The maximum output power of the circuit (Poms =
1.0 W, Vp=5.0 V, RL = 8.0 Q) requires a peak current in
the load of 500 mA.

In order to limit the excessive power dissipation in the
load when a short—circuit occurs, the current limit in the
load is fixed to 1.1 A. The current in the four output MOS

transistors are real-time controlled, and when one current
exceeds 1.1 A, the gate voltage of the MOS transistor is
clipped and no more current can be delivered.

Thermal Overload Protection
Internal amplifiers are switched off when the

temperature exceeds 160°C, and will be switched on again

only when the temperature decreases fewer than 140°C.

The NCP2993 is unity—gain stable and requires no
external components besides gain-setting resistors, an
input coupling capacitor and a proper bypassing capacitor
in the typical application.

The first amplifier is externally configurable (R¢ and
Rin), while the second is fixed in an inverting unity gain
configuration.

The differential-ended amplifier presents two major
advantages:

— The possible output power is four times larger (the
output swing is doubled) as compared to a single—ended
amplifier under the same conditions.

— Output pins (OUTA and OUTB) are biased at the same
potential Vp/2, this eliminates the need for an output
coupling capacitor required with a single—ended
amplifier configuration.

The differential closed loop—gain of the amplifier is
Rf _ Vorms
Rin  Vinrms °
Output power delivered to the load is given by

_ (Vopeak)2
Porms = T 2*RL

given by Ayd = 2 *

(Vopeak is the peak differential output

voltage).
When choosing gain configuration to obtain the desired
output power, check that the amplifier is not current limited

or clipped.

The maximum current which can be delivered to the load
. Vopeak
is 500 mA |Opeak = E—L .

Gain-Setting Resistor Selection (R;, and Ry)

Rin and R¢set the closed—loop gain of the amplifier.

In order to optimize device and system performance, the
NCP2993 should be used in low gain configurations.

The low gain configuration minimizes THD + noise
values and maximizes the signal to noise ratio, and the
amplifier can still be used without running into the
bandwidth limitations.

A closed loop gain in the range from 2 to 5 is
recommended to optimize overall system performance.

An input resistor (Ri) value of 24 k€2 is realistic in most
of applications, and doesn’t require the use of a too large
capacitor Cjp.

Input Capacitor Selection (C;,)
The input coupling capacitor blocks the DC voltage at
the amplifier input terminal. This capacitor creates a

http://onsemi.com
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NCP2993

high—pass filter with Ry, the cut—off frequency is given by

=1
fo= 2*I1*Rin*Cin
The size of the capacitor must be large enough to couple
in low frequencies without severe attenuation.

IEC 61000-4-2 Level 4

In some particular applications, NCP2993 may need
extra ESD protection to pass IEC 61000-4-2 Level 4
qualification.

Depending on the test, user can consider different level
of protection:

ORDERING INFORMATION

— up to 22 pF capacitor connected between each amplifier
output terminals and ground.
— Dedicated IEC filters such as ESD7.0 series from

ON Semiconductor.

In any case, the protection should be placed as close as
possible to the ESD stress entry point. Proper and carefull
layout is a key factor to ensure optimum protection level is
achieved. Designer should make sure the connection
impedance between protection and ground / protection and
NCP2993 is as low as possible.

Device Package Shippingt
NCP2993FCT2G 9-Pin Flip-Chip 3000/ Tape & Reel
(Pb-Free)

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging

Specifications Brochure, BRD8011/D.

http://onsemi.com

1



MECHANICAL CASE OUTLINE
PACKAGE DIMENSIONS

WLCSP9, 1.22x1.22
@ CASE 499BM-01
ISSUE O

SCALE 4:1

«@»r@ Bl
REFEF?I;TI@I; \ ;

- ®
'

2X(O| 0.05|C

2x i
E 0.05 TOP VIEW

(¢}

A2

Z2IE v
iLDHU‘ A

NOTE3 A1 SIDE VIEW PLANE

0.05|C|A|B|
0.03] C ¢ (O-9-P

Hob-0
A 1 B-P-0
1 2 3
BOTTOM VIEW

RECOMMENDED
SOLDERING FOOTPRINT*

—:‘: i‘g—g_@‘if OUTUNE

040 | N

PITCH 0.40

PITCH
DIMENSIONS: MILLIMETERS

*For additional information on our Pb-Free strategy and soldering
details, please download the ON Semiconductor Soldering and

Mounting Techniques Reference Manual, SOLDERRM/D.

ON Semiconductor®

DATE 27 SEP 2010

NOTES:
1. DIMENSIONING AND TOLERANCING PER
ASME Y14.5M, 1994.

2. CONTROLLING DIMENSION: MILLIMETERS.
3. COPLANARITY APPLIES TO SPHERICAL
CROWNS OF SOLDER BALLS.
MILLIMETERS
DIM[ MIN | MAX
A — | 066
Al | 0147 | 024
A2 0.40 REF
b 024 [ 0.29
D 1.22 BSC
E 1.22 BSC
e 0.40 BSC
GENERIC
MARKING DIAGRAM*
[o]
XXXX
AYWW

XXXX = Specific Device Code

A = Assembly Location
Y = Year

ww = Work Week

. = Pb-Free Package

*This information is generic. Please refer
to device data sheet for actual part
marking.

Pb-Free indicator, “G” or microdot “ »”,
may or may not be present.

DOCUMENT NUMBER:| 98AON53177E

Electronic versions are uncontrolled except when accessed directly from the Document Repository.
Printed versions are uncontrolled except when stamped “CONTROLLED COPY” in red.

DESCRIPTION:| WLCSP9, 1.22X1.22

PAGE 1 OF 1

ON Semiconductor and J are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the United States and/or other countries.
ON Semiconductor reserves the right to make changes without further notice to any products herein. ON Semiconductor makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability arising out of the application or use of any product or circuit, and specifically
disclaims any and all liability, including without limitation special, consequential or incidental damages. ON Semiconductor does not convey any license under its patent rights nor the

rights of others.

© Semiconductor Components Industries, LLC, 2019

www.onsemi.com



onsemi, ONSE€ML, and other names, marks, and brands are registered and/or common law trademarks of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates
and/or subsidiaries in the United States and/or other countries. onsemi owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property.
A listing of onsemi’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. onsemi reserves the right to make changes at any time to any
products or information herein, without notice. The information herein is provided “as-is” and onsemi makes no warranty, representation or guarantee regarding the accuracy of the
information, product features, availability, functionality, or suitability of its products for any particular purpose, nor does onsemi assume any liability arising out of the application or use
of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products
and applications using onsemi products, including compliance with all laws, regulations and safety requirements or standards, regardless of any support or applications information
provided by onsemi. “Typical” parameters which may be provided in onsemi data sheets and/or specifications can and do vary in different applications and actual performance may
vary over time. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. onsemi does not convey any license
under any of its intellectual property rights nor the rights of others. onsemi products are not designed, intended, or authorized for use as a critical component in life support systems
or any FDA Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or any devices intended for implantation in the human body. Should
Buyer purchase or use onsemi products for any such unintended or unauthorized application, Buyer shall indemnify and hold onsemi and its officers, employees, subsidiaries, affiliates,
and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that onsemi was negligent regarding the design or manufacture of the part. onsemi is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: TECHNICAL SUPPORT
Email Requests to: orderlit@onsemi.com North American Technical Support: Europe, Middle East and Africa Technical Support:

Voice Mail: 1 800-282-9855 Toll Free USA/Canada  Phone: 00421 33 790 2910
i Website: www.onsemi.com Phone: 011 421 33 790 2910 For additional information, please contact your local Sales Representative




X-ON Electronics

Largest Supplier of Electrical and Electronic Components
Click to view similar products for Audio Amplifiers category:
Click to view products by ON Semiconductor manufacturer:

Other Similar products are found below :

LV47002P-E NCP2811AFCT1G NCP2890AFCT2G SSM2377ACBZ-R7 IS31AP4915A-QFLS2-TR NCP2820FCT2G TDA1591T
TDAT7563AH SSM2529ACBZ-R7 SSM2518CBZ-R7 MAX9890AETA+T TS2012EIJT NCP2809BMUTXG NJW1157BFC2
SSM2375CBZ-REEL7 IS31AP4996-GRLS2-TR STPA0020D-4WX NCP2823BFCT1G MAX9717/DETA+T MAX9717CETA+T
MAX9724AEBC+TG45 LA4450L-E 1S31AP2036A-CLS2-TR MAX9/723DEBE+T TDA7563ASMTR AS3561-DWLT SSM2517/CBZ-R7
MP1720DH-12-LF-P SABRE9601K THAT1646W16-U MAX98396EWB+ PAM8965ZLA40-13 BD3/7532FV-E2 BD5638NUX-TR
BD37512FS-E2 BD37543FS-E2 BD3814FV-E2 TPA3140D2PWPR TS2007EIJT 1S31AP2005-DLS2-TR SSM2518CPZ-R7 AS3410-EQFP-
500 FDA4100LV MAX98306ETD+T THA994EIIJT NCP2820FCT1G NCP2823AFCT2G NCS2211IMNTXG CPA2233CQ16-Al
OPA1604AIPWR



https://www.x-on.com.au/category/semiconductors/integrated-circuits-ics/audio-ics/audio-amplifiers
https://www.x-on.com.au/manufacturer/onsemiconductor
https://www.x-on.com.au/mpn/onsemiconductor/lv47002pe
https://www.x-on.com.au/mpn/onsemiconductor/ncp2811afct1g
https://www.x-on.com.au/mpn/onsemiconductor/ncp2890afct2g
https://www.x-on.com.au/mpn/analogdevices/ssm2377acbzr7
https://www.x-on.com.au/mpn/issi/is31ap4915aqfls2tr
https://www.x-on.com.au/mpn/onsemiconductor/ncp2820fct2g
https://www.x-on.com.au/mpn/philips/tda1591t
https://www.x-on.com.au/mpn/stmicroelectronics/tda7563ah
https://www.x-on.com.au/mpn/analogdevices/ssm2529acbzr7
https://www.x-on.com.au/mpn/analogdevices/ssm2518cbzr7
https://www.x-on.com.au/mpn/maxim/max9890aetat
https://www.x-on.com.au/mpn/stmicroelectronics/ts2012eijt
https://www.x-on.com.au/mpn/onsemiconductor/ncp2809bmutxg
https://www.x-on.com.au/mpn/nisshinbo/njw1157bfc2
https://www.x-on.com.au/mpn/analogdevices/ssm2375cbzreel7
https://www.x-on.com.au/mpn/issi/is31ap4996grls2tr
https://www.x-on.com.au/mpn/stmicroelectronics/stpa002od4wx
https://www.x-on.com.au/mpn/onsemiconductor/ncp2823bfct1g
https://www.x-on.com.au/mpn/maxim/max9717detat
https://www.x-on.com.au/mpn/maxim/max9717cetat
https://www.x-on.com.au/mpn/maxim/max9724aebctg45
https://www.x-on.com.au/mpn/onsemiconductor/la4450le
https://www.x-on.com.au/mpn/issi/is31ap2036acls2tr
https://www.x-on.com.au/mpn/maxim/max9723debet
https://www.x-on.com.au/mpn/stmicroelectronics/tda7563asmtr
https://www.x-on.com.au/mpn/ams/as3561dwlt
https://www.x-on.com.au/mpn/analogdevices/ssm2517cbzr7
https://www.x-on.com.au/mpn/monolithicpowersystems/mp1720dh12lfp
https://www.x-on.com.au/mpn/esstech/sabre9601k
https://www.x-on.com.au/mpn/that/that1646w16u
https://www.x-on.com.au/mpn/maxim/max98396ewb
https://www.x-on.com.au/mpn/diodesincorporated/pam8965zla4013
https://www.x-on.com.au/mpn/rohm/bd37532fve2
https://www.x-on.com.au/mpn/rohm/bd5638nuxtr
https://www.x-on.com.au/mpn/rohm/bd37512fse2
https://www.x-on.com.au/mpn/rohm/bd37543fse2
https://www.x-on.com.au/mpn/rohm/bd3814fve2
https://www.x-on.com.au/mpn/texasinstruments/tpa3140d2pwpr
https://www.x-on.com.au/mpn/stmicroelectronics/ts2007eijt
https://www.x-on.com.au/mpn/issi/is31ap2005dls2tr
https://www.x-on.com.au/mpn/analogdevices/ssm2518cpzr7
https://www.x-on.com.au/mpn/ams/as3410eqfp500
https://www.x-on.com.au/mpn/ams/as3410eqfp500
https://www.x-on.com.au/mpn/stmicroelectronics/fda4100lv
https://www.x-on.com.au/mpn/maxim/max98306etdt
https://www.x-on.com.au/mpn/stmicroelectronics/ts4994eijt
https://www.x-on.com.au/mpn/onsemiconductor/ncp2820fct1g
https://www.x-on.com.au/mpn/onsemiconductor/ncp2823afct2g
https://www.x-on.com.au/mpn/onsemiconductor/ncs2211mntxg
https://www.x-on.com.au/mpn/chiphom/cpa2233cq16a1
https://www.x-on.com.au/mpn/texasinstruments/opa1604aipwr

