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5 Pin Configuration

and Functions

DCK Package
5-Pin SC-70
Top View

out[_ | s Jw
v-[] 2
N[ |- |l J-w

L J
Not to scale

Pin Functions

S PIN e le} DESCRIPTION
—-IN 4 | Inverting input
+IN 3 | Noninverting input
ouT 1 O Output
V— 2 — Negative (lowest) power supply
V+ 5 — Positive (highest) power supply

Copyright © 2018, Texas Instruments Incorporated 3
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT
Supply voltage, Vs = (V+) — (V-) 6 \%
Input voltage (V-)-0.3 (V+) +0.3 \%
Output short-circuit® Continuous
Operating temperature -55 150 °C
Specified temperature -40 125 °C
Storage temperature, Tgyg —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. Theseare stress ratings
only, which do not imply functional operation of the device at these or anyother conditions beyond those indicated under Recommended
OperatingConditions. Exposure to absolute-maximum-rated conditions for extended periods mayaffect device reliability.

(2) Short-circuit to ground, one amplifier per package.

6.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) 2000
VEsp) | Electrostatic discharge - — 2 \%
Charged-device model (CDM), per JEDEC specification JESD22-C101 ) 500

(1) JEDEC document JEP155 states that 500-V HBM allows safemanufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safemanufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Supply voltage, Vs = (V+) — (V-) 1.7 (+0.85) 5.5 (#2.75) \Y,
Specified temperature -40 125 °C
6.4 Thermal Information
OPA1671
THERMAL METRIC® DCK (SC-70) UNIT
5 PINS

Rosa Junction-to-ambient thermal resistance 214.7 °C/W
RoJc(top) Junction-to-case (top) thermal resistance 127.1 °C/W
Ross Junction-to-board thermal resistance 60.0 °C/W
YT Junction-to-top characterization parameter 334 °C/W
Y8 Junction-to-board characterization parameter 59.8 °C/W
RoJc(bot Junction-to-case (bottom) thermal resistance — °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

4 Copyright © 2018, Texas Instruments Incorporated
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6.5 Electrical Characteristics:Vg=+0.85Vto £2.75V (Vg=1.7Vto 5.5V)

at T, = 25°C, R, =10 kQ connected to Vg / 2, Vo = Vs / 2, and Vg 1 = Vs / 2, unless otherwise noted.

PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT
AUDIO PERFORMANCE
THD+N | 1012l harmonic diStorion * | — g ¢~ 1 kiiz, Vo = 1 Veys, Vs =55V O'OOO_SZZ .
SMPTE/DIN Two-Tone, 4:1, 0.00158
IMD Intermodulation distortion SS:\/l Vo =1 Vews, Vs = (69 iz and 7 k) %6 a8
CCIF Two-Tone (19 kHz 0.0005
and 20 kHz) -106 dB
FREQUENCY RESPONSE
GBW Gain-bandwidth product 13 MHz
SR Slew rate 4-V step, G =1 5 Vius
te Settling time To0.1%, 2-Vstep, G =1 0.75 us
To 0.01%, 2-Vstep, G =1 1 us
Overload recovery time Vin X gain > Vg 0.35 us
NOISE
Input voltage noise f=0.1 Hz to 10 Hz 2.4 uVep
f=10 Hz 45
en Input voltage noise density | f =1 kHz 7 nVAHz
f=10 kHz 4.0
iN Input current noise f=1kHz 4.7 fANHZ
OFFSET VOLTAGE
+0.25 +1.25
Vos Input offset voltage mV
Ta =—-40°C to 125°C +0.25
dVos/dT Input offset voltage drift Ta =—-40°C to 125°C +0.3 +2.2 uv/°C
PSRR L“m;:’gj;;l‘;onage VersUs |y = (V) +30 +130| v
INPUT BIAS CURRENT
I Input bias current +10 oA
los Input offset current +10
INPUT VOLTAGE RANGE
Vew :;%rgénon—mode voltage V- vt v
Vs=17V, (V) <Veu< (V) -1.25V 74 91 dB
CMRR Common-mode rejection | Vs =55V, (V) <Veu < (V) -125V 80 96 dB
ratio Vs=17V,Vey=0Vto1.7V 60 88 dB
Vs=55V,Vecy=0Vto55V 68 102 dB
INPUT CAPACITANCE
Zp Differential 10| 6 MQ || pF
Ziem Common-mode 10'% | 2.5 GQ || pF
OPEN-LOOP GAIN
- +
Somv R s10kd o7 13 B
ggﬁfgi"!g‘éﬁ V)= | 1, = —40°C to 125°C 106 dB
AoL Open-loop voltage gain (V) + 200 mV < Vg < o " "
(V) - 200 mV, R, =2 kQ
EQ * ;gg W;\L’g <2 o | Ta=—40°C o 125°C 105 dB
OUTPUT
:;?lltage output swing from Vs =55V, R, = 10 kQ 10 20 mv
Sinking, Vg =5.5V -57
Isc Short-circuit current - mA
Sourcing, Vg =5.5V 66

Copyright © 2018, Texas Instruments Incorporated
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Electrical Characteristics:Vg=20.85 Vto +2.75V (Vg = 1.7 V to 5.5 V) (continued)

at Tp = 25°C, R, = 10 kQ connected to Vg / 2, Ve = Vs / 2, and Vg g7 = Vs / 2, unless otherwise noted.

PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT
POWER SUPPLY
| Quiescent current per lo=0mA 0.94 13 mA
Q amplifier lo = 0 MA, Ta = —40°C to 125°C 14
6 MY © 2018, Texas Instruments Incorporated
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6.6 Typical Characteristics

at T, =25°C, Vg =125V, Vou = Vs / 2, Rioap = 10 kQ connected to Vg / 2 (unless otherwise noted)
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Typical Characteristics (T R)
at Tp = 25°C, Vg = 2.5V, Vo = Vs / 2, Rioap = 10 kQ connected to Vg / 2 (unless otherwise noted)
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Typical Characteristics (T X)

at Tp = 25°C, Vg = 2.5V, Vo = Vs / 2, Rioap = 10 kQ connected to Vg / 2 (unless otherwise noted)
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Typical Characteristics (T X)

at Tp = 25°C, Vg = 2.5V, Vo = Vs / 2, Rioap = 10 kQ connected to Vg / 2 (unless otherwise noted)
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Typical Characteristics (T X)

at Tp = 25°C, Vg = 2.5V, Vo = Vs / 2, Rioap = 10 kQ connected to Vg / 2 (unless otherwise noted)
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7 Detailed Description

7.1 Overview

The OPA1671 is a rail-to-rail input, very low noise operational amplifier (op amp). The OPA1671 operates from
1.7 V to 5.5 V, is unity-gain stable, and is suitable for a wide range of audio and general-purpose applications.
The OPA1671 strengths also include 13-MHz bandwidth, 4.0-nV/VHz noise spectral density, with very low input
bias current (10 pA), making the OPA1671 optimal for a preamplifier in microphone circuits, sensor modules and
buffering high-fidelity, digital-to-analog converters (DACs).

7.2 Functional Block Diagram

E (1) e (1) (1)
wote s e N

Vbiast Class AB
Control —O Vo
Circuitry

e, -

I

(Ground)

7.3 Feature Description

7.3.1 Operating Voltage

The OPA1671 op amp can be used with single or dual supplies from an operating range of Vg = 1.7 V (x0.85 V)
up to 5.5 V (x2.75 V). Supply voltages greater than 6 V can permanently damage the device (see Absolute
Maximum Ratings). Key parameters that vary over the supply voltage or temperature range are shown in the
Typical Characteristics section.

12 MY © 2018, Texas Instruments Incorporated
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Feature Description (3T )

7.3.2 Input Bias Current

Typically, input bias current is approximately +10 pA. Input voltages exceeding the power supplies, however, can
cause excessive current to flow into or out of the input pins. Momentary voltages greater than the power supply
can be tolerated if the input current is limited to 10 mA. This limitation is easily accomplished with an input
resistor, as shown in & 30.

Unlike many operational amplifiers, there are no diodes connected between the positive and negative input
terminals. As a result, differential voltages up to the full supply voltage will not cause any significantly higher
current flow into the inputs.

Current-limiting resistor

required if input voltage

exceeds supply rails by
> 0.3V.

IOVERLOAD
10 mA max
—_—

VIN

5kQ

Copyright © 2016, Texas Instruments Incorporated

30. Input Current Protection

7.3.3 Common-Mode Voltage Range

The OPAL1671 features true rail-to-rail inputs, allowing full common mode operation from the negative supply
voltage to the positive supply voltage. This is achieved with complimentary N-channel and P-channel differential
input pairs. The N-channel pair is active for input voltages close to the positive rail, typically (V+) — 1.25 V to (V+)
The P-channel is active for common-mode inputs from (V-) to (V+) — 1.25 V. There is a small transition region,
typically from (V+) — 1.25 V to (V+) — 1 V. In this region, the offset voltage will transition between the P-channel
and N-channel offset values. The difference between offset in the P and N regions can be seen in § 5.

7.3.4 EMI Susceptibility and Input Filtering

Operational amplifiers vary in susceptibility to EMI. If conducted EMI enters the operational amplifier, the dc
offset at the amplifier output can shift from its nominal value when EMI is present. This shift is a result of signal
rectification associated with the internal semiconductor junctions. Although all operational amplifier pin functions
can be affected by EMI, the input pins are likely to be the most susceptible. The OPA1671 operational amplifier
family incorporates an internal input low-pass filter that reduces the amplifier response to EMI. Both common-
mode and differential-mode filtering are provided by the input filter. The filter is designed for a cutoff frequency of
approximately 20 MHz (-3 dB), with a rolloff of 20 dB per decade.

120

100

. v

o
AS)
+
Z
&
= 60 f\
>
= N

40 N By

N Ny
\\\ JJV
T~
20
10M 100M 1G 10G

Frequency (Hz)

31. OPA1671 EMIRR vs. Frequency
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Feature Description (3T )

#z 1. OPA1671 EMIRR IN+ for Frequencies of Interest

FREQUENCY APPLICATION OR ALLOCATION EMIRR IN+
400 MHz Mob_lle r_adlo, mobile satellite, space operation, weather, radar, ultra-high frequency (UHF) 30 dB
applications
900 MHz Global system for mobile communications (GSM) applications, radio communication, navigation, 38 dB
GPS (to 1.6 GHz), GSM, aeronautical mobile, UHF applications
1.8 GHz GSM applications, mobile personal communications, broadband, satellite, L-band (1 GHz to 2 GHz) 60 dB
2.4 GHz 802.11b, 802.11g, 802.11n, Bluetooth®, mobile personal communications, industrial, scientific and 59 dB
’ medical (ISM) radio band, amateur radio and satellite, S-band (2 GHz to 4 GHz)
3.6 GHz Radiolocation, aero communication and navigation, satellite, mobile, S-band 90 dB
5 GHz 802.11a, 802.11n, aero communication and navigation, mobile communication, space and satellite 100 dB
operation, C-band (4 GHz to 8 GHz)

7.4 Device Functional Modes

The OPA1671 has a single functional mode and is operational when the power-supply voltage is greater than 1.7
V (£0.85 V). The maximum specified power-supply voltage for the OPA1671 is 5.5V (£2.75 V).

14
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8 Application and Implementation

x

/:

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The OPA1671 is a low-noise, rail-to-rail input and output operational amplifier specifically designed for portable
applications. The device operates from 1.7 V to 5.5 V, is unity-gain stable, and suitable for a wide range of audio
and general-purpose applications. The class AB output stage is capable of driving < 10-kQ loads connected to
any point between V+ and ground. The input common-mode voltage range includes both rails, and allows the
OPA1671 device to be used in virtually any single-supply application. Rail-to-rail input and output swing
significantly increases dynamic range, especially in low-supply applications, and makes the device ideal for
driving sampling analog-to-digital converters (ADCS)..

8.1.1 Capacitive Loads

The dynamic characteristics of the OPA1671 amplifiers are optimized for commonly encountered gains, loads,
and operating conditions. The combination of low closed-loop gain and high capacitive loads decreases the
phase margin of the amplifier and can lead to gain peaking or oscillations. As a result, heavier capacitive loads
must be isolated from the output. Add a small resistor (Rg equal to 50 Q, for example) in series with the output to
isolate heavier capacitive loads.

8.1.2 Noise Performance

B 31 shows the total circuit noise for varying source impedances with the operational amplifier in a unity-gain
configuration (with no feedback resistor network and therefore no additional noise contributions). The op amp
itself contributes a voltage noise component and a current noise component. The voltage noise is commonly
modeled as a time-varying component of the offset voltage. The current noise is modeled as the time-varying
component of the input bias current and reacts with the source resistance to create a voltage component of
noise. For a CMOS-input device, the noise resulting from the input current is negligible, therefore the total noise
is dominated by the voltage noise of the OPA1671 at low source resistance, and the resistor noise above 1 kQ.

31 shows the calculation of the total circuit noise, with these parameters:
* e, = Vvoltage noise

* Rg = source impedance

« k= Boltzmann's constant = 1.38 x 10723 J/K

* T =temperature in degrees Kelvin (K)

For more details on calculating noise, see Basic Noise Calculations.

200
—— Source Resistor Noise w
100 | — OPA1671 Voltage Noise Ll
70 Total Noise maAnl
50
g 30
< 20
z /|
$ 10 7
=] 7
z
5 //
P
3 7 1
v
2 /,
1 4

1 2351020 100 1000 10000 100000 1000000
Source Resistance (Q)

32. Noise Performance of the OPA1671 in a Unity-Gain Buffer Configuration
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Application Information (#T R)
8.1.3 Basic Noise Calculations

Low-noise circuit design requires careful analysis of all noise sources. External noise sources can dominate in
many cases; consider the effect of source resistance on overall op amp noise performance. Total noise of the
circuit is the root-sum-square combination of all noise components.

The resistive portion of the source impedance produces thermal noise proportional to the square root of the
resistance. This function is plotted in B 31. The source impedance is typically fixed; consequently, select the op
amp and the feedback resistors to minimize the respective contributions to the total noise.

33 shows noninverting (A) and inverting (B) op amp circuit configurations with gain. In circuit configurations
with gain, the feedback network resistors contribute noise. In general, the current noise of the op amp reacts with
the feedback resistors to create additional noise components.

The selected feedback resistor values make these noise sources negligible. Low impedance feedback resistors
load the output of the amplifier. The equations for total noise are shown for both configurations.

(A) Noise in Noninverting Gain Configuration Noise at the output is given as Eo, where

R Ry - Ry \2
1) Ep= (1 +R_j) : \/(65)2 + (en)? + (emlle)2 + (i - Rs)? + (iN : [R11+ RZZ]) [ Vus 1

%4

(2) es=+4-kg-T(K)-R [—] Thermal noise of R

S B T(K)Rs iz s

R, -R, 14 _
3) err, = |4 kg TK)- [R1 T Rz] [—m] Thermal noise of R; || Rz
a3 [/
(4) kp = 13806510 X Boltzmann Constant
(5) T(K)=23715+T(C) [K] Temperature in kelvins
(B) Noise in Inverting Gain Configuration Noise at the output is given as Eq, where

2
R, 2 (. [Rs+Ry)-R;
(6) Ep= (1 + Rs +R1) : \/(ﬁv)z + (ery+relir,) + (lN R AR 4R, [ Vams ]

(Rs+R1) "Ry 4
(7)) ery+rsir, = |4~ kg T(K)- R+ R 4R, [_\/IE] Thermal noise of (R + Rs) || R,
Vs
L 23 [J
(8) kp=1.38065-10 X Boltzmann Constant
(9) T(K)=23715+T(C) [K] Temperature in kelvins

Copyright © 2017, Texas Instruments Incorporated

(1) ey is the voltage noise of the amplifier. For the OPA1671 series of operational amplifiers, ey = 4.0 nV/VHz at 10 kHz.
(2) iy is the current noise of the amplifier. For the OPA1671 series of operational amplifiers, iy = 4.5 fANHz at 1 kHz.
(3) For additional resources on noise calculations, see TI's Precision Labs Series.

33. Noise Calculation in Gain Configurations
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8.2 Typical Application

This design uses an OPA1671 as a pre-amplifier for an electret microphone. Electret microphone types are
common in many audio applications of varying performance levels. The OPA1671 offers very low noise in a tiny
package, and is well-suited for use in electret pre-amplifier circuits.

34 shows the solution.

Electret
Microphone

OPA1671
Output

34. Electret Pre-Amplifier Schematic

8.2.1 Design Requirements

This solution has the following requirements:

» Supply voltage: 5V

* Gain: 100 VIV

» Frequency response: 3 dB from 20 Hz to 20 kHz
 Output: 25V £1V

* Output noise density: <1 uV/Rt(Hz) at 10 kHz

MR © 2018, Texas Instruments Incorporated 17
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Typical Application (ETR)
8.2.2 Detailed Design Procedure

The preamplifier circuit uses a non-inverting gain configuration to allow for high input impedance, with
independent gain-setting resistor values. DC bypass is accomplished with C, and C; pF capacitors, with the low
frequency poles set by C,, R4, C3 and R, see equations 2= 1 and 243 2.

1

= =3.18 Hz
P 21m*(R3[|R4) * C2
(1)
PL2= 1— =3.23 Hz
21 R5' C3
(2
The filter cutoff frequency is determined by a higher frequency pole, set by Rs and C,.
1
= ———=21.3kHz
PH= omeRer C,
(3)
The gain of the circuit in the passband is set by Rs and Rg.
Re
A (VIV) = = 100 (40 dB)
(4)

The ouput noise of the circuit (ignoring the electret microphone intrinsic noise and impedance) will be the RSS
average noise contribution from R and the input voltage noise of OPA1671. Rs was selected for minimal noise
contribution without requiring a DC blocking cap. (C3) larger than 10 puF. See 4= 5 for the output noise density
calculation at 10 kHz.

en_out = Input Referred Noise « Gain = \/ (4kTR5)2 + VN_10k2 100 = 0.96 pV/AHz
©)

8.2.3 Application Curves

50 10
45
40 H =
35 A ™ I 8
/ N Z
30 N >
< 25 i >
)
S 2 g 6
@ s
S 15 a
§ 12 g 4
=z
0 5 \\
=3 N
-5 5 2 N
-10 © T~
-15 T~
20 0 o
1 23 5710 20 50100 1000 10000 100000 10 2030 50 100 200 5001000 10000 100000
Frequency (Hz) Frequency (Hz)
35. Electret Microphone Preamplifier Transfer Function 36. Electret Microphone Preamplifier Output Noise
Density
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9 Power Supply Recommendations
The OPA1671 device is specified for operation from 1.7 V to 5.5 V (£0.85 V to £2.75 V).

10 Layout

10.1 Layout Guidelines

Paying attention to good layout practice is always recommended. Keep traces short and, when possible, use a
printed-circuit board (PCB) ground plane with surface-mount components placed as close to the device pins as
possible. Place a 0.1-uF capacitor closely across the supply pins. These guidelines must be applied throughout
the analog circuit to improve performance and provide benefits such as reducing the electromagnetic interference
(EMI) susceptibility.

10.2 Layout Example

Minimize
parasitic
inductance by
placing bypass
Caypass capacitor close

VOUT o0— to V+.
ouT Vi l

V-
+IN | -IN
Keep high
impedance IN
input signal Rr
away from Route trace
noisy traces. under package
for output to
feedback
resistor
connection.

37. OPA1671 Layout Example
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
OPA1671IDCKR ACTIVE SC70 DCK 5 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 1D3
& no Sh/Br)
OPA1671IDCKT ACTIVE SC70 DCK 5 250 Gg[eens('s/([)aH)S CU NIPDAU Level-2-260C-1 YEAR  -40to 125 1D3
no r
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MECHANICAL DATA

DCK (R-PDSO-G5)
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NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
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D. Falls within JEDEC MO-203 variation AA.
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LAND PATTERN DATA

DCK (R—PDSO—G5)

PLASTIC SMALL OUTLINE

Example Board Layout
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This drawing is subject to change without notice.

Publication IPC=7351 is recommended for alternate designs.

metal load solder paste.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations.

Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.

Customers should
Example stencil design based on a 50% volumetric

Refer to IPC-7525 for other stencil recommendations.
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