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Newest Linear Audio Products
INA1650 / INA1650-Q1* Differential Line Receivers

The highest CMRR for professional audio applications

What’s Inside?

VEE

Low-noise FET-input buffers
reduce CMRR sensitivity to
external resistance mismatches

IN+A

COMA

500kQ input resistors matched
t0 0.01% allow for smaller AC
coupling capacitors

Input EMI filters further reduce
external component count

COM pins allow input common
mode biasing with mid-supply
output. External resistor can

be attached to further increase
common-mode input impedance

IN-B

> COMB

IN+ B

OUTA

Internal 10k resistors matched
to within 0.0013% to achieve
91dB CMRR

Internal supply splitter with
500kQ resistors matched to
0.01%. VMID(IN) pin allows
external filtering capacitor

REF A
500 J
KQ '\
VMID(IN)
500
kQ
VEE
VMID(OUT)

REF B

ouTB

Application and Measured Performance

18V

-18V

C51pF C71yF
Input Differential
Audio Signals C110pF C6 0.1 uF. C80.1 pF
I
R1 L 1| vee VEE [14]
2 100kQ R3 1 MO
2] IN+A OUT A E—.
8 1 R2
100k 3|comA REF A [12
XLR Connector 11
C210)uF 41IN-A VMID(N) [11] Output Single-Ended
c3) I‘Ilo WF 5|IN-B VMID(OUT) EI Audio Signals
Ra I glcoms  Rers[o
® 100kQ  R6 1 MQ
7]IN+B ouTB[g}———>
1 RS
2
100k INA1650
XLR Connector I
€410 uF

e Differential Line Receiver for Sing|

¢ Floating Single-Ended Input Line Receiver for Ground Loop Noise Reduction

e-Supply Applications

Gain (dB)

Low-impedance VMID(OUT)
connects to REF and COM
pins for single-supply
applications. Also provides
convenient bias voltage for
additional circuitry

—— 10-Q Mismatch, XLR Pin 2
——— 10-Q Mismatch, XLR Pin 3 |

No Mismatch

Amplitude (dBu)

IBEE,;

100 1k 10k 100k
Frequency (Hz)

CMRR vs Frequency

(1VRms common-mode signal)

e Floating Single-Ended Input Line Receiver With Differential Outputs

¢ TRS Audio Interface in Single-Supply Applications

¢ Differential Line Driver With Single-Ended Input

* In Development
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HD2: -111.2 dBu (-133.2 dBc)
' ' '

~100 A/A/ HD3: -120.1 d‘Bu (-1421 dBc‘)
-120 | ‘ HD4:-130.7 dBu (-152.7 dBc) — — ]

0 5k 10k 15k 20k
Frequency (Hz)

Output Spectrum
(22-dBu Output Amplitude)

INA1650 Evaluation Module

Hardware platform for evaluating the performance
of the INA1650 differential line receiver

O www.ti.com/tool/INA1650EVM
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Newest Linear Audio Amplifiers
OPA1622 and OPA1688 High-Fidelity Headphone Amplifiers

OPA1622 Evaluation Module
Hardware platform for evaluating the
performance of the OPA1622 audio op amp
O www.ti.com/tool/OPA1622EVM

Current-output
Audio DAC
(one-channel)

OPA1622: Pushing the boundaries of audio quality

Superior audio quality Ideal for portable audio Design-ease pinout

IN-
? 0 F=—==G-7, 100w 80 3 ’_\160 ‘ T 2
§ :::2;-1 32-Q Load £ §140 T v PSRR+
2 0.01 -80 § £ 120 | PsRR-
M=F s
§ 0.001 ______; _______ 100§ § W \& EE
;] B £ N
§ 0.0001 o —120§ (i? w© VI @ENAELE
g s g 20 out
" 0.00001 40 2 &
0 200 2k 20k 0
Frequency (Hz) 1 10 100 1k 10k 100k 1M 10M EE
10 mW, 80-kHz measurement bandwidth | . Frequency (Hz)
e THD+N: -119 dB (320, 142 mW) e Excellent PSRR of -97 / -123 dB -
IN-
¢ \oltage Noise: 2.8 nV/yHz at 1 kHz at 20 kHz
. ion: ¢ Unique pinout improves PCB
e Linear output current: 80 mAgrus SECRIE L RS ok Iayc?ut a?\d elimin:tes T
: : e Small package: 3mm x 3mm DFN , :
e Click/pop suppression P 9 distortion effects

Audio Headphone Ampilifier Portfolio

Power Supply Current Per Channel 3.6 mA 1.6 mA 2.6 mA

1.1 ViHz 8 nV/Hz 2.8 V/YHz

1.7 pAiHz 0.0018 pA/Hz 0.8 pAi/Hz

30mAgys 43 mAgiis 80 mAgyys

+55/-62 mA +75 mA +145/-130 mA
Gain Bandwidth Product 40 MHz 10 MHz 32 MHz
Slew Rate 27 \Vlys 8V/us 10 V/ps
THD+N (1kHz, 10 mW, 32Q) -112.2dB -111dB -113.9dB
Click-Free Enable No No Yes
Cap Load Drive 100 pF 200 pF >600pF
Package 3x3 mm?; DFN-8 pin 3x3 mm? DFN-8 pin 3x3 mm?2; DFN-10 pin
3
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Linear Audio Amplifier Portfolio
For The Most Discerning Audio Enthusiasts

e OPAX604

g4 OPAXLI3d @Bipolar
OPA168x ‘-‘_. -
; S U “E’ JFET

LME49726 Automotive

OPA627
Q-100
L OPRIBARE

OPA167x OPA165x

4 SRS LME49721 | OPAB27 | ------mmsmmme o BUF634

Noise (nV/VHz)

LME49743
Q-100
LME49600

LME49723 OPA166x LM4562 -

OPA1622 LME49720

OPA160x LMEA49724 LME49710

OPA161x

1 S H—
10 20 30 40 100
Note: OPA164x automotive grade is preview Gain Bandwidth Product (MHz)
Supply Vn @ 1kHz (Typ) In @ 1kHz (Typ) GBW lq (Typ) Slew Rate Pin/Pk
Range (V) (nV/\Hz) (fA/YH2) (MHz) (mA) (V/ps) g
Single: S0-8, MSOP-8; Dual:
0PA1611/0PA1612 1,2 5-36 1.1 1700 40 3.6 27 S0-8, DFN-8
LME49724 1 5-36 2.1 - 50 10 18 S0-PowerPAD
Dual: SOIC-8, MSOP-8; Quad:
0PA1602/0PA1604 2,4 5-36 2.5 1800 35 2.6 20 S0IC-14, TSSOP-14
LME49710 1 5-34 2.5 1600 55 4.8 20 S0IC, T0-99, PDIP
LME49720 2 5-34 2.5 1600 55 5 20 S0IC, T0-99, PDIP
LME49860 2 5-44 2.5 1600 55 5 20 SOIC
LM4562 2 5-34 2.7 1600 55 5 20 S0IC, T0-99, PDIP
0PA1622 2 4-36 2.8 800 32 2.6 10 DFN-10
LME49600 1 4.5-36 8 - 180 14 2000 DDPAK/T0-263
LME49723 2 5-34 3.2 700 19 3.35 8 SOIC
Dual: SO-8, MSOP-8; Quad: SO-
0PA1662/0PA1664 2,4 3-36 3.3 1000 22 1.5 17 14, TSSOP-14
2 2.5-5.5 33 1400 40 3 15 soic
LME49743 4 8-34 815 1600 30 2.5 12 TSSOP
0PA827 1 8-36 4 2.2 22 4.8 28 S0-8,VSSOP-8
LME49721 2 2.2-5.5 4 - 20 2.15 8.5 SOIC
Dual: SO-8, MSOP-8, DFN-8;
0PA1652/0PA1654 2,4 4.5-36 4.5 3 18 2 10 Quad: S0-14, TSSOP-14
Dual: SOIC-8, VSSOP-8; Quad:
0PA1678/9 2,4 4.5-36 4.5 3 16 2 9 SOIC-14, TSSOP-14
OPA1641/0PA1642/ Single: SO-8; Dual: S0-8, MSOP-
OPA1644 1.2,4 5-36 51 08 11 18 20 8; Quad: SO-14, TSSOP-14
0PA627 1 9-36 52 2.5 16 7 55 PDIP-8, SO-8
LME49726 2 2.5-55 6.9 750 6.25 0.7 3.7 MSOP-PowerPAD
0PA1688 2 4.5-36 8 1.8 10 1.6 8 S0-8, DFN-8
0PA134/0PA2134/ Single: PDIP-8, SO-8; Dual:
0PA4134 1.2,4 5-36 8 3 8 4 20 PDIP-8, S0-8; Quad: S0-14
Single: PDIP-8, SO-8; Dual:
0PA604/0PA2604 1,2 9-48 11 4 20 5.3 25 PDIP-8, S0-8
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Linear Audio Products Portfolio - Special Function
Line Receivers and Line Drivers

Audio line receiver and driver products are used in professional audio environments such as live concerts, recording and broadcasting

studios. These products are also used in other areas to keep signals clean and interference-free such as industrial and automotive data
transmission applications. By using well-matched thin film resistors and low-noise amplifiers, these products offer outstanding
common-mode rejection and excellent dynamic response.

Audio Line Receivers

a CMRR . Input Impedance (kQ)  Slew Rate = Supply = lg/ch = Small-Signal ~ Operating
Part cha(r;;lels ((\;Ialul) (Min) EIIII(DH;:!%? ?Ig'ﬁ)(;(fill(;)z)r Differential Common- (Typ) Range  (Typ) Bandwidth Tempsrature Package
(dB) EELE mode (V/ps) V) (mA)  (Typ) (MHz) (°C)

INA134/ PDIP,

INA2134 1,2 1 74 0.0005 -100 50 25 14 8-36 2.4 31 -40t0 85 soI¢

INA137/ PDIP,

INA2137 1,2 05,2 74 0.0005 -106 24 18 14 8-36 2.4 4 -40t0 85 S0IC

INA1650 2 1 85 0.00039 -104.7 1000 250 10 4.5-36 5.25 2.7 -40t0 125 TSSOP
Audio Line Drivers

q q Load Small-Signal Operating
Channels = Gain THD+N@ @ Noise Floor 2 Slew Rate 4 Supply lq (Typ)
Part Capacitance Bandwidth Temperature Package
(#) (VV) | 1kHz(%) = (RTO)(dBu) (WF) (Typ)(V/ps) (Typ) (MHz) Range (V) (mA) (°c)
PDIP (DRV134

DRV134 / DRV135 1 2 0.0005 -98 1 15 15 9-36 5.2 -551t0 +125 only), SOIC
Microphone Preamplifiers
Microphone preamplifier products offer low noise and both analog and digitally-configurable gains to accommodate a wide range of
microphone types and audio systems.

. Input Voltage Noise (Typ) Iq (Typ) Operating

Part Gain Range (dB) (nV/YHz) Power Supply (mA) Interface Temperature (°C) Package

PGA2505 9dB through 60dB, in 3dB steps 3 +5 30 Digital SPI -40t0 85 SSOP

PGA2500 0dB, and 10dB to 65dB in 1dB steps 1.2 +5 30 Digital SPI -40to 85 SSOP

INA163 0 to 80dB 1 +4.5t0 =18 10 Analog -40t0 125 S0IC

INA217 0 to 80dB 1.3 +4.5t0 18 10 Analog -40t0 125 S0IC, PDIP

INA103 0 to 80dB 1 +9t0 £25 9 Analog -40t0 85 S0IC, PDIP

INA166 66dB 1.3 +4.5t0 18 10 Analog -40t0 125 S0IC

Volume Control

Stereo audio volume control products are used in a wide array of professional and consumer audio equipment. Internal switches are used to
select taps in a resistor network that determine the gain of the amplifier stage. Switch selections are programmed using a serial control port,

which allows connection to a wide variety of host controllers.

Q-100*
INA1650 (2)
(85 dB CMRR over
temp with Rs = 20 Q)

INAx137
(6 dB Gain, 90 dB
CMRR with Rs = 0 Q)

()

INAXx134 o©e
(0 dB Gain, 90 dB
CMRR with Rs = 0 Q)

Line Receivers

*In Development

DRV135 (1)
(fixed 6 dB Gain,
850IC)

DRV134 (1)
(fixed 6 dB Gain,
16 SOIC, 8 PDIP)

Line Drivers

Precision Linear Audio Amplifiers ti.com/audio

(10dB-65dB, @
1 dB per step)

PG

(9 dB-60 dB,

505 o

3 dB per step)

INA163
(1 nV/JHz,
01080 dB)

INA103
(1 nVAHz,
0t0 60 dB)

INA217

(1.3 nV/Hz,

01080 dB)
INA166

(1.3 nV/JHz,
fixed 66 dB)

()
() '
()

Power Gain and Interchannel q Dynamic Load Operating
Part cha&?els Supply = Attenuation wgl"z'?‘y? Crosstalk @ ?g;?n?;‘;régg)) Range  Capacitance = Temperature Package
) (dB) 0 1'kHz (dBFS) =31. (dB) (oF) °C)

PGA2320 2 +15 31501 0.0003 -126 +0.1 1000 SoIC

PGA2310 2 15 | 5 cdpwin | 00004 126 +0.05 120 1000 401085 PDIP, SOIC

PGA2311/PGA4311 | 2,4 w5 | 05dBsteps | gg00p 130 +0.05 100 PDIP (PGAZ311
only), SOIC

PGA2500 o @ Channel

(O Digital Control
@ Analog Control

PGA2320 o

(28.28 Vpp Swing,

-110 dB THD+N)

PGA2310 ()
(27 Vpp Swing,
-108 dB THD+N)

PGAx311 oo
(7.5 Vpp Swing,
-114 dB THD+N)

Automotive

Mic Preamplifiers

5

Volume Control

Y
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Linear Audio Products
Linear Audio Reference Designs

Q007

Hi-Fi headphone amplifier for Analog active crossover circuit Active volume control for
voltage output audio DACs for two-way loudspeakers professional audio

High-fidelity headphone amplifier circuit Analog active crossover design for two-way Split-supply, high-performance volume
suitable for portable applications, such as loudspeakers that can be used in recording control that attenuates a professional
smartphones and tablets studios or residental high-fidelity systems line-level audio signal with minimal
Oti.com/TIPD189 O ti.com/TIPD134 distortion and noise

Oti.com/TIPD136

Single-supply electret Tone stack for electric guitars Hi-Fi headphone amplifier for
microphone preamplifier Split-supply, high-performance guitar tone current output audio DACs
Amplifies the output of the microphone to circuit that provides control of the bass, Converts the differential current output of
common analog line level voltages mid, and treble frequencies for an electric audio DACs to a single-ended voltage
O ti.com/TIPD181 guitar signal capable of driving low impedance headphones
O ti.com/TIPD186 Oti.com/TIPD177
Continue Learning with Tl Precision Labs - Op Amps 3
I3 TEXAS

Deepen your technical expertise with the industry’s
Measurement Results - Ryy = 00 first comprehensive online classroom for analog INSTRUMENTS
engineers. Explore more than 40 hands-on Precision Labs

operational amplifier trainings and lab videos.

OPA211, Vout = 74.7mV

Audio Related Videos

eeeee

+ W 4.60mv
635mV 191mV. +3328mV 747V

Low Distortion Design — 1

TIPL 1321
TiPrecision Labs - Op Amps

Noise -1
i

mmmmmmmmm 4 Tous bomsasrs

4 Videos on Low Distortion Design 9 Videos on Noise

Tl worldwide online technical support
Audio Products. . ......ooiiiiiii i it is s it i a s aaa e e a s HL.COM/AUAIO

Tl Semiconductor Product Information Center HomePage .......................... support.ti.com
TIE2E™ Community HoOme Page . ...........ccoiiiiiiii it iiannancnnnnnnnnns e2e.ti.com
Worldwide Product InformationCenter ..............cciiiiiiiiiiiiiinrnnennss ti.com/worldwidepic

Important Notice: The products and services of Texas Instruments Incorporated and its subsidiaries described herein are sold subject to Tl's standard terms and conditions of sale. Customers are advised to obtain the most current and
complete information about Tl products and services before placing orders. Tl assumes no liability for applications assistance, customer’s applications or product designs, software performance, or infringement of patents. The publication of
information regarding any other company’s products or services does not constitute TI's approval, warranty or endorsement thereof.

© 2016-2017 Texas Instruments Incorporated. The platform bar, E2E and SoundPlus are trademarks of Texas Instruments. All other trademarks are the property of their respective owners.

Printed in U.S.A.
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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