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National

Semiconductor

LME49722
Low Noise, High Performance, High Fidelity Dual Audio
Operational Amplifier

General Description = PSRR 120dB (typ)

The LME49722 is part of the ultra-low distortion, low noise, B Slew Rate +22V/us (typ)
high slew rate operational amplifier series optimized and fully ® THD+N

specified for high performance, high fidelity applications. (A, =1, Vo = 3V £ = 1kHz)

Combining advanced leading-edge process technology with V= D TOUT T Y TRMS: TIN T

state-of-the-art circuit design, the LME49722 audio opera- R, =2kQ 0.00002% (typ)
tional amplifiers deliver superior audio signal amplification for

outstanding audio performance. The LME49722 combines Ry = 6000 0.00002% (typ)
extremely low voltage noise density (1.9nV/vHz) rate with ® Open Loop Gain (R, = 600Q) 135dB (typ)
vanishingly low THD+N (0.00002%) to easily satisfy the most

demanding audio applications. To ensure that the most chal- ™ Input Bias Current SO0nA (typ)
lenging loads are driven without compromise, the LME49722 ® Voltage Offset £0.02mV (typ)
has a high slew rate of £22V/pys and an output current capa-

+
bility of +28mA. Further, dynamic range is maximized by an Features

output stage that drives 2kQ loads to within 1V of either power
supply voltage. m  Easily drives 600Q2 loads

The LME49722 has a wide supply range of +2.5V to +18V. m  Optimized for superior audio signal fidelity
Over this supply range the LME49722 maintains excellent g Output short circuit protection
common-mode and power supply rejection, and low input bias

current. This Audio Operational Amplifier achieves outstand- = PSRR and CMRR exceed 120dB (typ)
ing AC performance while driving complex loads with values . .
as high as 100pF with gain value greater than 2. Directly in- Appllcatl0ns

terchangeable with LME49720, LM4562 and LME49860 for g Ultra high quality audio amplification

similar operating voltages. m High fidelity preamplifiers, phono preamps, and

multimedia
m High performance professional audio
High fidelity equalization and crossover networks with
active filters

Key Specifications
B Wide Operating Voltage Range +2.5V to +18V

B FEquivalent Noise

(Frequency = 1kHz) 1.9nV/AZ (typ) m High performance line drivers and receivers
_ _ m Low noise industrial applications including test,
B Equivalent Noise . measurement, and ultrasound
(Frequency = 10Hz) 2.8nV/VHz (typ)

Typical Application

+

VYY -
J- LME49722 ————0

fumax = > 300 kHz for Vp_p = 20V, R2 C2 = R1 C1

30057910

FIGURE 1. Wide Bandwidth Low Noise Low Drift Amplifier
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N
&
N Connection Diagram
=
- .
Dual-In-Line Package
OUTPUT A — 8 v*
2 7
INVERTING INPUT A —— OUTPUT B
A B
- | + + -
NON-INVERTING _ 3
INPUT A INVERTING INPUT B
.4 5 NON-INVERTING
v INPUT B
30057955
Order Number LME49722MA
See NS Package Number — MOSA
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Absolute Maximum Ratings (Notes 1, 2) Junction Temperature (T ) 150°C
- - . . Thermal Resistance
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/ B,a 154°C/W
Distributors for availability and specifications. 0,6 27°C/W
Supply Voltage (Vg = Vo-Veg) 38V . .
Storage Temperature -65°C to 150°C Opel’atlng Ratlngs
Input Voltage (V-) - 0.7Vto(V+) + 0.7V Temperature Range
Output Short Circuit (Note 3) Continuous Tumn S Ta S Tyax —40°C < T, <85°C
ESD Susceptibility (Note 4) 2000V Supply Voltage Range +2.5V < Vg < +18V
ESD Susceptibility (Note 5) 200V
Electrical Characteristics for the LME49722 (Notes 1,2) The following specifications apply for
Vg =+15V and £18V, R| = 2kQ, f, = 1kHz unless otherwise specified. Limits apply for T, = 25°C,
LME49722
- - A Units
Symbol Parameter Conditions Typical Limit (Limits)
(Note 6) (Note 7)
Ay =1, VOUT =3Vims
THD+N Total Harmonic Distortion + Noise R =2kQ 0.00002 %
R_=600Q 0.00002 0.00009 % (max)
A, =1,Vgo,r=3V
IMD [ lation Distorti v~ TouT - T IRMS .00002 %
ntermodulation Distortion Two-tone, 60Hz & 7kHz 4:1 0.0000 %
GBWP Gain Bandwidth Product fiy = 100kHz 55 45 MHz (min)
SR Slew Rate Ay =1, Vo =10Vpp +22 +15 V/us (min)
Vour = 1Vp.p, —3dB
FPBW Full Power Bandwidth referenced to output magnitude 12 MHz
at f = 1kHz
) . A, =-1, 10V step, C, = 100pF
t Settling t v - 1.2
s ettling time 0.1% error range us
emnv Equivalent Input Voltage Noise faw = 20Hz to 20kHz 0.25 0.35 MV gus (Max)
f= 1kHz
Vg =£15V 1.9 nV~Hz
. , Vg =18V 1.9 25 nVvHz (max)
en Equivalent Input Voltage Density
f=10Hz
Vg = +15V 2.8 nV~Hz
Vg =18V 3.2 nVvVHz
[ Current Noise Density ; : 1(‘;:2 2é6 EZ:;%
Vos Offset Voltage Veu =0V +0.02 0.7 mV (max)
PSRR Power Supply Rejection Ratio AVg =20V (Note 8) 120 110 dB (min)
. fin = 1kHz 136 dB
ISO Channel-to-Channel Isolation IN
CH-CH fiy = 20kHz 135 dB
Voy = 0V
I Input Bias Current Vg =+15V 50 nA
Vg =+18V 53 200 nA (max)
Algg/ Input Bias C t Drift
0s nput Bias Current Drift vs _40°C ST, < 85°C 01 NAPC
ATemp Temperature
Vey = 0V
los Input Offset Current Vg =+15V 25 nA
Vg =+18V 32 100 nA (max)
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N
N
B LME49722 U
- - — nits
E Symbol Parameter Conditions Typical Limit (Limits)
§ (Note 6) (Note 7)
Ve = 15V +14.0 (Vgg—2.0 V (min)
s==% .
v Common-Mode Input Voltage -13.9 (Veg) +2.0 V (min)
IN-CM .
Range Ve = +18V +17.0 (Vo) —2.0 V (min)
sTT -16.9 (V) +2.0 V (min)
CMRR Common-Mode Rejection —10V S Vg, S 10V 128 110 dB (min)
Zn Differential Input Impedance 30 kQ
Zew Common Mode Input Impedance |_{1gVv < Ve € 10V 1000 MQ
12V £ Vg £ 12V, R, = 600Q 135 120 dB
AvoL Open Loop Voltage Gain 12V < Vg r S 12V, R, = 2kQ 128 ::
—12V < Vg < 12V, R = 10kQ
Vg ==15V
R = 6000 +13.7/-14 Veeak
R =2kQ +14.0 Veeak
R, = 10kQ +14.1 \
. L =17 PEAK
Vom Output Voltage Swing
Vg =x18V
R_= 600Q +16.6/-16.8 +15.5 Vpeak (Min)
R_=2kQ +17.0 Veeak
RL= 10kQ +17.1 VPEAK
R, = 600Q
lout Output Current Vg =+15V +23 mA
Vg = =18V +27.6/-28 +23 mA (min)
+43 mA
louT- Short Circuit Current Sink to Source
OuT-CC —40 mA
fiy = 10kHz
Zout Output Impedance Closed-Loop 0.01 Q
Open-Loop 13 Q
. lOUT = OmA
Total Quiescent Power Supply
's Current Vs = 215V 121 mA
Vg ==+18V 12.3 16 mA (max)
Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur, including inoperability and degradation of device reliability
and/or performance. Functional operation of the device and/or non-degradation at the Absolute Maximum Ratings or other conditions beyond those indicated in
the Recommended Operating Conditions is not implied. The Recommended Operating Conditions indicate conditions at which the device is functional and the
device should not be operated beyond such conditions. All voltages are measured with respect to the ground pin, unless otherwise specified.
Note 2: The Electrical Characteristics tables list guaranteed specifications under the listed Recommended Operating Conditions except as otherwise modified
or specified by the Electrical Characteristics Conditions and/or Notes. Typical specifications are estimations only and are not guaranteed.
Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by T ax. 8, and the ambient temperature, T,. The maximum
allowable power dissipation is Ppyax = (Tyuax - Ta) / 8,4 Or the number given inAbsolute Maximum Ratings, whichever is lower. For the LME49722, T ;o = 150°
C and the typical 8¢ is 27°C/W.
Note 4: Human body model, applicable std. JESD22-A114C.
Note 5: Machine model, applicable std. JESD22-A115-A.
Note 6: Typical values represent most likely parametric norms at T, = +25°C, and at the Recommended Operation Conditions at the time of product
characterization and are not guaranteed.
Note 7: Datasheet min/max specification limits are guaranteed by test or statistical analysis.
Note 8: PSRR is measured as follow: Vg is measured at two supply voltages, +5V and +15V. PSRR = | 20log(AVg/AVg) I.
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Typical Performance Characteristics

THD+N vs Output Voltage
+V¢e = —Vge = 15V, fi = 1kHz, R, = 2kQ
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300579p5
THD+N vs Output Voltage
+Vee = —Vge = 18V, f, = 1kHz, R, = 2kQ
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THD+N vs Frequency
+Vee ==Vege = 15V, Vg = 3Vgye, R = 2kQ
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THD+N vs Output Voltage
+Vge = =Vge = 15V, fy = 1kHz, R = 600Q
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THD+N vs Output Voltage
+V¢c = =Vge = 18V, fy = 1kHz, R = 600Q
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THD+N vs Frequency

+Vee = —=Vge = 15V, Vg = 3Vpys, R, = 600Q
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300579p2
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LME49722

IMD (%)
4

IMD (%)

THD+N (%)

THD+N vs Frequency
+Viee = —Vege = 18V, Vg = 3Vzys, R = 2kQ
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300579p3
IMD vs Frequency
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IMD vs Frequency
+Veo =—Vege = 18V, R = 2kQ
0.01
0.005

0.002

0.001
0.0005

0.0002 \“

0.0001

0.00005

0.00002

0.00001
100m 500m 1 5 10 20

VRMs

30057924

THD+N (%)
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THD+N vs Frequency
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IMD vs Frequency
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IMD vs Frequency
+Vee = —Vge = 18V, R = 600Q
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IMD vs Frequency
+Viee = —Vege = 2.5V, R =2kQ
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Voltage Noise Density vs Frequency
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Current Noise Density vs Frequency
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IMD vs Frequency
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Voltage Noise Density vs Frequency
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Current Noise Density vs Frequency
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2\
N
o)) PSRR+ vs Frequency PSRR- vs Frequency
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SUPPLY CURRENT (mA)
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Gain Phase vs Frequency
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N
N A li ion Information plifiers and are therefore allowable. Capacitive loads greater
2 pp catio o atio than 10pF must be isolated from the output, if the gain value
5 | - S
= APPLICATION HINTS is Itess tha? Zk.tThe Imosi zt(;?zlg)htfomgrd V\{;ytLO do tthlst |_?_hto
S . . . . . put a resistor (its value = in series with the output. The
The LMEA49722 is a high speed opergtlopal amplifier Whlc.h resistor will also prevent unnecessary power dissipation if the
can operate stably in most of the applications. For the appli- output is accidentally shorted
cation with gain greater than 2, capacitive loads up to 100pF ’
will cause little change in the phase characteristics of the am-
R1 R3
470Q 150 kQ
_¢VAV vAvAv
LOW IMPEDANCE
MICROPHONE O— 2 LME49722
_T_ 47TuF T 100Q
R6 &
Rz R4 - OUTPUT
4700 150 kQ2 10k S
_\Mv vAv‘v 1 O
. Total voltage noise density: eN_tota|2 ~ eN2 + eN_R12 + eN_R22 = 1.92 +2 (2.72),
then en_total = 4.3 nV/VHz. For en_R1 =eN_R2~ 2.7 nViVHz, if R1 = R2 »~ 4700
) Or total voltage noise = 0.13 pV input referred in a 1 kHz noise bandwidth.
30057913
FIGURE 2. Low Impedance Microphone Pre-amplifier
0.05 pF
11 kQ 100 kO 11 kO
10 wF % LME49722 M—s— W W
INPUT 0—]
0.005 pF
10 kQ I I‘ Ske
3.6 kO 100 kQ2 3.6 kQ
AAA AAA AWA
vy LA
0.022 uF
1.8 kQ 500 kQ 1.8 kQ
AAAN AAA AAA
LA} LA vV
0.005 pF
——0O OUTPUT
30057912
FIGURE 3. Three-Band Active Tone Control
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Notes

For more National Semiconductor product information and proven design tools, visit the following Web sites at:

Products Design Support
Amplifiers www.national.com/amplifiers WEBENCH www.national.com/webench
Audio www.national.com/audio Analog University www.national.com/AU
Clock Conditioners www.national.com/timing App Notes www.national.com/appnotes
Data Converters www.national.com/adc Distributors www.national.com/contacts
Displays www.national.com/displays Green Compliance www.national.com/quality/green
Ethernet www.national.com/ethernet Packaging www.national.com/packaging
Interface www.national.com/interface Quality and Reliability |www.national.com/quality
LVDS www.national.com/Ivds Reference Designs www.national.com/refdesigns
Power Management www.national.com/power Feedback www.national.com/feedback

Switching Regulators www.national.com/switchers

LDOs www.national.com/Ido
LED Lighting www.national.com/led
PowerWise www.national.com/powerwise

Serial Digital Interface (SDI) |[www.national.com/sdi

Temperature Sensors www.national.com/tempsensors

Wireless (PLL/VCO) www.national.com/wireless

THE CONTENTS OF THIS DOCUMENT ARE PROVIDED IN CONNECTION WITH NATIONAL SEMICONDUCTOR CORPORATION
(“NATIONAL”) PRODUCTS. NATIONAL MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY
OR COMPLETENESS OF THE CONTENTS OF THIS PUBLICATION AND RESERVES THE RIGHT TO MAKE CHANGES TO
SPECIFICATIONS AND PRODUCT DESCRIPTIONS AT ANY TIME WITHOUT NOTICE. NO LICENSE, WHETHER EXPRESS,
IMPLIED, ARISING BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS
DOCUMENT.

TESTING AND OTHER QUALITY CONTROLS ARE USED TO THE EXTENT NATIONAL DEEMS NECESSARY TO SUPPORT
NATIONAL’'S PRODUCT WARRANTY. EXCEPT WHERE MANDATED BY GOVERNMENT REQUIREMENTS, TESTING OF ALL
PARAMETERS OF EACH PRODUCT IS NOT NECESSARILY PERFORMED. NATIONAL ASSUMES NO LIABILITY FOR
APPLICATIONS ASSISTANCE OR BUYER PRODUCT DESIGN. BUYERS ARE RESPONSIBLE FOR THEIR PRODUCTS AND
APPLICATIONS USING NATIONAL COMPONENTS. PRIOR TO USING OR DISTRIBUTING ANY PRODUCTS THAT INCLUDE
NATIONAL COMPONENTS, BUYERS SHOULD PROVIDE ADEQUATE DESIGN, TESTING AND OPERATING SAFEGUARDS.

EXCEPT AS PROVIDED IN NATIONAL’'S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, NATIONAL ASSUMES NO
LIABILITY WHATSOEVER, AND NATIONAL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY RELATING TO THE SALE
AND/OR USE OF NATIONAL PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR
PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY
RIGHT.

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS PRIOR WRITTEN APPROVAL OF THE CHIEF EXECUTIVE OFFICER AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

Life support devices or systems are devices which (a) are intended for surgical implant into the body, or (b) support or sustain life and
whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected
to result in a significant injury to the user. A critical component is any component in a life support device or system whose failure to perform
can be reasonably expected to cause the failure of the life support device or system or to affect its safety or effectiveness.

National Semiconductor and the National Semiconductor logo are registered trademarks of National Semiconductor Corporation. All other
brand or product names may be trademarks or registered trademarks of their respective holders.
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