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OPAXx340 Single-Supply, Rail-to-Rail Operational Amplifiers
MicroAmplifier™ Series
1 Features The OPA340 series operate on a single supply as low

¢ Rail-to-Rail Input

* Rail-to-Rail Output (Within 1 mV)

* MicroSize Packages

* Wide Bandwidth: 5.5 MHz

* High Slew Rate: 6 V/us

* Low THD + Noise: 0.0007% (f = 1 kHz)
* Low Quiescent Current: 750 pA/Channel
* Single, Dual, and Quad Versions

2 Applications

» Driving A/D Converters
« PCMCIA Cards

« Data Acquisition

* Process Control

» Audio Processing

» Communications

» Active Filters

e Test Equipment

3 Description

The OPA340 series rail-to-rail CMOS operational
amplifiers are optimized for low-voltage, single-supply
operation. Rail-to-rail input and output and high-
speed operation make them ideal for driving sampling
analog-to-digital (A/D) converters. They are also well-
suited for general purpose and audio applications as
well as providing I/V conversion at the output of
digital-to-analog (D/A) converters. Single, dual, and
guad versions have identical specifications for design
flexibility.

as 2.5 V with an input common-mode voltage range
that extends 500 mV below ground and 500 mV
above the positive supply. Output voltage swing is to
within 1 mV of the supply rails with a 100-kQ load.
These devices offer excellent dynamic response

(BW = 5.5 MHz, SR = 6 V/us), yet quiescent current
is only 750 A. Dual and quad designs feature
completely independent circuitry for lowest crosstalk
and freedom from interaction.

The single (OPA340) packages are the tiny 5-pin
SOT-23 surface mount, 8-pin SOIC surface mount,
and 8-pin DIP. The dual (OPA2340) comes in the
miniature 8-pin VSSOP surface mount, 8-pin SOIC
surface mount, and 8-pin PDIP packages. The quad
(OPA4340) packages are the space-saving 16-pin
SSOP surface mount and 14-pin SOIC surface
mount. All are specified from —40°C to 85°C and
operate from -55°C to 125°C. A SPICE macromodel
is available for design analysis.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
OPA340 SOT-23 (5) 3.00 mm x 3.00 mm
PDIP (8) 9.81 mm x 6.35 mm
OPA340, OPA2340
SOIC (8) 4.90 mm x 3.91 mm
OPA2340 VSSOP (8) 3.00 mm x 3.00 mm
SOIC (14) 8.65 mm x 3.91 mm
OPA4340
SSOP (16) 4.90 mm x 3.90 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

OPA340 in Noninverting Configuration Driving ADS7816

Vn = 0V to 5V for

+5V
O
0.1uF 0.1uF
*”—_L ns
V+ 1| Vrer

7
DCLOCK |———=©
ADS7816 6 Serial
Interface

0V to 5V output.

RC network filters high-frequency noise.

12-Bit AID Dour 5 ©
CS/SHDN ——o0
3300pF 7

NOTE: A/D Input = 0 to Vgee
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5 Pin Configuration and Functions

OPA340: DBV Package

5-Pin SOT-23 OPA340: P and D Packages
Top View 8-Pin PDIP and SOIC
Top View
Out| 1 5 | v+ o
r T NC | 1 8 |NC
V-| 2
[2] n[2] 7w
+ —In
in E E +In E 6 | Out
v-[4] 5 |NC
Pin Functions: OPA340
PIN
110 DESCRIPTION
NAME SOT-23 SOIC, PDIP
—-IN 4 2 | Negative (inverting) input
+IN 3 3 | Paositive (noninverting) input
NC — 1,5,8 — No internal connection (can be left floating)
ouT 1 6 O Output
V- 2 4 — Negative (lowest) power supply
V+ 5 7 — Positive (highest) power supply
OPA2340: P, D, and DGK Packages
8-Pin PDIP, SOIC, and VSSOP
Top View
<
OutA| 1 8 |V+
—InA|2 A 7 |outB
+ina| 3 A G |-InB
v[1] s one
Pin Functions: OPA2340
PIN
VSSOP, SOIC, 110 DESCRIPTION
A= PDIP
—-IN A 2 | Negative (inverting) input channel A
+IN A 3 | Positive (noninverting) input channel A
-IN B 6 | Negative (inverting) input channel B
+IN B 5 | Positive (noninverting) input channel B
OUT A 1 (@] Output channel A
ouT B 7 (@] Output channel B
V— 4 — Negative (lowest) power supply
V+ 8 — Positive (highest) power supply
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OPA4340: D Package OPA4340: DBQ Package
14-Pin SOIC 16-Pin SSOP
Top View Top View
O O
outa [ 1] H 1] ouo outa [ 1] 16| outd
“na [2 H- ~H13] -nD -nA |2 H- H ~H1s| -np
A - 2H <
A [3 H+ +H12] +nD HnA |3 H+ +{H14] +mD
w 3] o w [« ] v
+In B E—+ +—£| +#nC +in B IE—+ +-—£| +inC
B c B c
-n8 [6 H- -He ] -nc -inB [6 H- -Hn ] -nc
OutB E EI OutC OutB | 7 EI OutC
v [e ol
Pin Functions: OPA4340
PIN
110 DESCRIPTION
NAME SoIC SSOP
—IN A 2 2 | Negative (inverting) input channel A
-INB 6 6 | Negative (inverting) input channel B
-INC 9 11 | Negative (inverting) input channel C
—IN D 13 15 | Negative (inverting) input channel D
+IN A 3 3 | Positive (noninverting) input channel A
+IN B 5 5 | Positive (noninverting) input channel B
+IN C 10 12 | Positive (noninverting) input channel C
+IN D 12 14 | Positive (noninverting) input channel D
NC — 8,9 — No internal connection (can be left floating)
OUT A 1 1 (0] Output, channel A
OouT B 7 7 (0] Output, channel B
OouT C 8 10 (0] Output, channel C
OUT D 14 16 (0] Output, channel D
V— 11 13 — Negative (lowest) power supply
V+ 4 4 — Positive (highest) power supply
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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 55
Voltage - PP y. g - > \%

Signal input terminals® -0.5 0.5

Signal input terminals ? 10 mA
Current T -

Output short circuit® Continuous

Operating, Ta -55 125
Temperature | Junction, T, 150 °C

Storage, Tsyg -55 125

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

(2) Input terminals are diode-clamped to the power-supply rails. Input signals that can swing more than 0.5 V beyond the supply rails should
be current limited to 10 mA or less.

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

6.2 ESD Ratings

VALUE UNIT
v Electrostatic Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +600 v
(ESD)  discharge Charged-device model (CDM), per JEDEC specification JESD22-C101 @ +250
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Supply voltage 2.7 5.5 \%
Specified temperature -40 125 °C
6.4 Thermal Information — OPA340
OPA340
THERMAL METRIC® (sg'?-\ém (PDP|P) (SODIC) (SODIC) UNIT
5 PINS 8 PINS 8 PINS 14 PINS

Roia Junction-to-ambient thermal resistance 207.9 53.1 142 83.8 °C/IW
Rosc(top) Junction-to-case (top) thermal resistance 71.2 42.5 90.2 70.7 °C/IW
Ross Junction-to-board thermal resistance 36.0 30.3 82.5 59.5 °CIW
T Junction-to-top characterization parameter 2.0 19.7 39.4 11.6 °CIW
Vi Junction-to-board characterization parameter 35.2 30.2 82 37.7 °CIW
Roacbot) Junction-to-case (bottom) thermal resistance — — — — °C/IW

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

report.
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6.5 Thermal Information — OPA2340
OPA2340
THERMAL METRIC® (SODIC) (Vgggp) UNIT
8 PINS 8 PINS
Roia Junction-to-ambient thermal resistance 138.4 169.2 °C/IW
Roac(top) Junction-to-case (top) thermal resistance 89.5 62.8 °C/IW
Ross Junction-to-board thermal resistance 78.6 89.8 °C/IW
T Junction-to-top characterization parameter 29.9 7.5 °CIW
Vi Junction-to-board characterization parameter 78.1 88.2 °CIW
Roac(bot) Junction-to-case (bottom) thermal resistance — — °CIW

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

6.6 Thermal Information — OPA4340

OPA4340
THERMAL METRIC® (stBo%) UNIT

16 PINS
Roia Junction-to-ambient thermal resistance 115.8 °CIW
Rosc(op) Junction-to-case (top) thermal resistance 67 °C/W
Ross Junction-to-board thermal resistance 58.3 °C/W
T Junction-to-top characterization parameter 19.9 °C/W
Vig Junction-to-board characterization parameter 57.9 °C/IW
Roacbot) Junction-to-case (bottom) thermal resistance — °CIW

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

6.7 Electrical Characteristics
At T, = 25°C, R = 10 kQ connected to Vg/2, and Vour = Vs/2, unless otherwise noted.

PARAMETER | TEST CONDITIONS ‘ MIN TYPW MAX UNIT
OFFSET VOLTAGE
Vos Input offset voltage Vg=5V +150 +500 uv
dVos/dt  Input offset voltage vs temperature Ta=-40°C 10 85°C, Vg =5V +2.5 uv/eC
Vg=27V1t055V,Veyu=0V 30 120  pviv
PSRR 'p”o‘f,‘v’;r"gjggl‘)’,o'tage ve Vs=27V1055V,Vey=0V, .
Over temperature Th = —40°C t0 85°C, Vg = 5 V 120 pv/ec
Channel separation, DC 0.2 puviv
INPUT BIAS CURRENT
Is Input bias current 202 +10 pA
Over temperature Ta =—-40°C to 85°C, Vg =5 V +60
los Input offset current +0.2 +10 pA
NOISE
Input voltage noise f=0.1 kHz to 50 kHz 8 UVRms
en Input voltage noise density f=1kHz 25 nV/AHz
in Current noise density f=1kHz 3 fANHZ
INPUT VOLTAGE RANGE
Vewm Common-mode voltage range -0.3 (V+) +0.3 \%
0.3V <Vey<(V+)-18V 80 92
CMRR Common-mode rejection ratio Vs=5V,-03V<Vy<53V 70 84 dB
Vg=27V,-03V<Vey<3V 66 80
(1) Vs=5V.
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Electrical Characteristics (continued)

At T, = 25°C, R_ = 10 kQ connected to Vg/2, and Voyr = Vs/2, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYPW MAX | UNIT
INPUT IMPEDANCE
Differential 1013 3 Q|| pF
Common-mode 103 6 Q|| pF
OPEN-LOOP GAIN
? Lmvlg ?/fi (V+) -5 mV 106 124
ELm_vlg \'ff < (V4) - 50 mV 100 120
gOLO_rﬁ\f S'VO < (V+) — 200 mV 94 114
) R =100 kQ,
AoL Open-loop voltage gain 5mV < Vg < (V+) =5 mV, 106 dB
Tpo=-40°C t0 85°C, Vs =5V
R. =10 kQ,
Over temperature 5mV < Vg < (V+) =50 mV, 100
Ta=—40°C to 85°C, Vs =5 V
R =2kQ,
200 mV < Vg < (V+) — 200 mV, 94
Tpo=-40°C t0 85°C, Vs =5V
FREQUENCY RESPONSE
GBW Gain-bandwidth product G=1 5.5 MHz
SR Slew rate Vg=5V,G=1,C_ =100 pF 6 V/us
Settling time, 0.1% Vs =5V, 2-V step, C, = 100 pF 1 us
Settling time, 0.01% Vs =5V, 2-V step, C, = 100 pF 1.6 us
Overload recovery time Vin % G =Vg 0.2 Hs
THD+N  Total harmonic distortion + noise ;li i ﬁl-\llz Vo=3Ver®, G =1, 0.0007%
OUTPUT
R, = 100 kQ, Ao, = 106 dB 1 5
R, =10 kQ, Ao, = 106 dB 10
R, =2kQ, Ao, 2 106 dB 40
Voltage output swing from R =100 kQ, Ao, 2 106 dB, 5
rail® T =—40°C to 85°C, Vg =5V mv
Over temperature .Flf: i Egoko% tﬁoé'sz" Cl’OSSd:B’S v 50
R, =2 kQ, Ao 2106 dB, 200
Tpo=-40°C t0 85°C, Vs =5V
Isc Short-circuit current +50 mA
CLoap Capacitive load drive See Typical Characteristics
POWER SUPPLY
Vg Specified voltage range 2.7 5 \%
Operating voltage range Lower end 25 \%
Higher end 55
lo Quiescent current lo=0,Vs=5V 750 950 uA
(per amplifier) Over temperature lo=0, Vs =5V, Tp =—40°C to 85°C 100
TEMPERATURE RANGE
Specified range —40 85 °C
Operating range -55 125 °C
Storage range -55 125 °C

(2) Output voltage swings are measured between the output and power-supply rails.
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6.8 Typical Characteristics

At T, = 25°C, Vg =5V, and R, = 10 kQ connected to V¢/2, unless otherwise noted.
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Figure 1. Open-Loop Gain/Phase vs Frequency Figure 2. Power-Supply and Common-Mode Rejection vs
Frequency
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Figure 3. Input Voltage and Current Noise Spectral Density Figure 4. Channel Separation vs Frequency
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Figure 5. Total Harmonic Distortion + Noise vs Frequency Figure 6. Closed-Loop Output Impedance vs Frequency
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Typical Characteristics (continued)

At T, = 25°C, Vg =5V, and R, = 10 kQ connected to Vs/2, unless otherwise noted.

130

R, = 100kQ<
AOL
120 7
— R, = 10kQ~"]
% / \\
<= 110 R, = 2kQ ——]
x
4
n
o
-, 100
O
<
PSRR
90
80
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Figure 7. Open-Loop Gain and Power-Supply Rejection vs
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Figure 8. Common-Mode Rejection vs Temperature
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Figure 9. Quiescent Current vs Temperature
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Figure 11. Short-Circuit Current vs Temperature
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Typical Characteristics (continued)

At T, = 25°C, Vg =5V, and R, = 10 kQ connected to Vs/2, unless otherwise noted.
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Figure 13. Input Bias Current vs Temperature
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Typical Characteristics (continued)

At T, = 25°C, Vg =5V, and R, = 10 kQ connected to Vs/2, unless otherwise noted.

Load Capacitance (pF)
Figure 21. Small-Signal Overshoot vs Load Capacitance
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7 Detailed Description

7.1 Overview

The OPA340 series operational amplifiers are fabricated on a state-of-the-art, 0.6-micron CMOS process. These
devices are unity-gain stable and suitable for a wide range of general-purpose applications. Rail-to-rail input and
output make them ideal for driving sampling A/D converters. In addition, excellent AC performance makes them
well-suited for audio applications. The class AB output stage is capable of driving 600-Q loads series and
extends 500 mV beyond the supply. Rail-to-rail input and output swing significantly increases dynamic range,
especially in low-supply applications. Figure 23 shows the input and output waveforms for the OPA340 in unity-
gain configuration. Operation is from a single 5-V supply with a 10-kQ load connected to V/2. The input is a 5-
Vpp sinusoid. Output voltage is approximately 4.98 Vpp. Power-supply pins must be bypassed with 0.01-pF
ceramic capacitors.

Vg =+5,G = +1, R, = 10kQ

2V/div

Figure 23. Rail-to-Rail Input and Output

7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Operating Voltage

The OPA340 series operational amplifiers are fully specified from 2.7 V to 5 V. However, supply voltage may
range from 2.5 V to 5.5 V. Parameters are ensured over the specified supply range—a unique feature of the
OPA340 series. In addition, many specifications apply from —40°C to 85°C. Most behavior remains virtually
unchanged throughout the full operating voltage range. Parameters which vary significantly with operating
voltages or temperature are shown in the Typical Characteristics.

7.3.2 Rail-to-Rail Input

The input common-mode voltage range of the OPA340 series extends 500 mV beyond the supply rails. This
extended range is achieved with a complementary input stage—an N-channel input differential pair in parallel
with a P-channel differential pair. The N-channel pair is active for input voltages close to the positive rail, typically
(V+) — 1.3 V to 500 mV above the positive supply, while the P-channel pair is on for inputs from 500 mV below
the negative supply to approximately (V+) — 1.3 V. There is a small transition region, typically (V+) — 1.5 V to
(V+) = 1.1V, in which both pairs are on. This 400-mV transition region can vary 300 mV with process variation.
Thus, the transition region (both stages on) can range from (V+) — 1.8 V to (V+) — 1.4 V on the low end, up to
(V+) — 1.2 V to (V+) — 0.8 V on the high end.

OPA340 series operational amplifiers are laser-trimmed to the reduce offset voltage difference between the N-
channel and P-channel input stages, resulting in improved common-mode rejection and a smooth transition
between the N-channel pair and the P-channel pair. However, within the 400-mV transition region PSRR, CMRR,
offset voltage, offset drift, and THD may be degraded compared to operation outside this region.

A double-folded cascode adds the signal from the two input pairs and presents a differential signal to the class
AB output stage. Normally, input bias current is approximately 200 fA; however, input voltages exceeding the
power supplies by more than 500 mV can cause excessive current to flow in or out of the input pins. Momentary
voltages greater than 500 mV beyond the power supply can be tolerated if the current on the input pins is limited
to 10 mA. This current limiting is easily accomplished with an input resistor, as shown in Figure 24. Many input
signals are inherently current-limited to less than 10 mA, therefore, a limiting resistor is not required.

loverLoaD
10mA max
- -

VIN

Copyright © 2016, Texas Instruments Incorporated

Figure 24. Input Current Protection for Voltages Exceeding the Supply Voltage

7.3.3 Rail-to-Rail Output

A class AB output stage with common-source transistors is used to achieve rail-to-rail output. For light resistive
loads (> 50 kQ), the output voltage is typically a few millivolts from the supply rails. With moderate resistive loads
(2 kQ to 50 kQ), the output can swing to within a few tens of millivolts from the supply rails and maintain high
open-loop gain (see Figure 15).

7.3.4 Capacitive Load and Stability

OPA340 series operational amplifiers can drive a wide range of capacitive loads. However, all operational
amplifiers under certain conditions can become unstable. operational amplifier configuration, gain, and load value
are some of the factors to consider when determining stability. An operational amplifier in unity-gain configuration
is most susceptible to the effects of capacitive load. The capacitive load reacts with the output resistance of the
operational amplifier, along with any additional load resistance, to create a pole in the small-signal response that
degrades the phase margin. In unity-gain configuration, the OPA340 series operational amplifiers perform well,
with a pure capacitive load up to approximately 1000 pF. Increasing gain enhances the amplifier ability to drive
more capacitance (see Figure 21).
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Feature Description (continued)

One method of improving capacitive load drive in the unity-gain configuration is to insert a 10-Q to 20-Q resistor
in series with the output, as shown in Figure 25. This resistor significantly reduces ringing with large capacitive
loads. However, if there is a resistive load in parallel with the capacitive load, it creates a voltage divider
introducing a DC error at the output and slightly reduces output swing. This error can be insignificant. For
instance, with R, = 10 kQ and Rg = 20 Q, there is only an approximate 0.2% error at the output.

When used with the miniature package options of the OPA340 series, the combination is ideal for space-limited
and low-power applications. For further information, consult the ADS7816 data sheet, 12-Bit High Speed Micro
Power Sampling Analog-To-Digital Converter (SBAS061). With the OPA340 in a noninverting configuration, an
RC network at the output of the amplifier can be used to filter high-frequency noise in the signal (see Figure 26).
In the inverting configuration, filtering may be accomplished with a capacitor across the feedback resistor (see
Figure 27).

V+
—_ RS
OPAXx340 VA O Vour
Vi + 10Q to _L
200 R G

Copyright © 2016, Texas Instruments Incorporated

Figure 25. Series Resistor in Unity-Gain Configuration Improves Capacitive Load Drive

7.3.5 Driving A/D Converters

The OPA340 series operational amplifiers are optimized for driving medium-speed (up to 100 kHz) sampling A/D
converters. However, they also offer excellent performance for higher speed converters. The OPA340 series
provides an effective means of buffering the converter input capacitance and resulting charge injection while
providing signal gain. Figure 26 and Figure 27 show the OPA340 driving an ADS7816. The ADS7816 is a 12-bit,
micro-power sampling converter in the tiny 8-pin VSSOP package.

+5V
o
0.1pF 0.1pF
] s
8 [V+ 1| Veer
7
DCLOCK |——=O
- 5000 n / i
ADS7816 6 Serial
a i l——O
OPA340 VWA 2 12-Bit AID Dour 5 Interface
Vin + -In CS/SHDN [——©0
3300pF 8 GND| 4
Vy =0V to 5V for T
0V to 5V output.
_L NOTE: A/D Input = 0 to Vger

RC network filters high-frequency noise.
Copyright © 2016, Texas Instruments Incorporated

Figure 26. OPA340 in Noninverting Configuration Driving ADS7816
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Feature Description (continued)
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1

NOTE: A/D Input = 0 to Veer
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Figure 27. OPA340 in Inverting Configuration Driving ADS7816
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7.4 Device Functional Modes

The OPAx340 has a single functional mode and is operational when the power-supply voltage is greater than

+ 1 243KkQ 1.74MQ
OPA2340 VWA VA 1 0
_ T 47pF  |opa2340
I = R
il
220pF 1

Copyright © 2016, Texas Instruments Incorporated

Figure 28. Speech Bandpass Filter

2.7 V (£1.35 V). The maximum power supply voltage for the OPAx340 is 5.5 V (¥2.75 V).
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8 Application and Implementation

NOTE
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 OPAx340 amplifier is a single-supply, CMOS operational amplifier with 5.5-MHz unity-gain bandwidth and
supply current of 950 pPA. Its performance is optimized for low-voltage (2.7 V to 5.5 V), single-supply applications,
with its input common-mode voltage linear range extending 300 mV beyond the rails and the output voltage
swing within 5 mV of either rail. The OPAx340 series features wide bandwidth and unity-gain stability with rail-to-
rail input and output for increased dynamic range. Power-supply pins must be bypassed with 0.01-uF ceramic
capacitors.

8.2 Typical Applications

8.2.1 Single-Pole, Low-Pass Filter

Figure 29 shows the OPA340 in a typical noninverting application with the input signal bandwidth limited by the
input lowpass filter.

RG RF
N AN
R1 OPA340 . & Vour
A, +
+
IL!' | Vin —_— C1

Cogymight & 2016, Texas Instruments Incorporated

Figure 29. Single-Pole, Low-Pass Filter

Equation 1 through Equation 2 show calculations for corner frequency and gain:
1

fomg=
3d8 2.’!’R1C1 @)
Vour _ ( 14+ &)( 1 )
Vin Re /\1 +sR,C, (@)
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Typical Applications (continued)
8.2.1.1 Design Requirements

When receiving low-level signals, limiting the bandwidth of the incoming signals into the system is often required.
The simplest way to establish this limited bandwidth is to place an RC filter at the noninverting terminal of the
amplifier, as shown in Figure 29. If a steeper attenuation level is required, a two-pole or higher-order filter may be
used.

8.2.1.2 Detailed Design Procedure

The design goals for this circuit include these parameters:

* A noninverting gain of 10 V/V (20 dB)

» Design a single-pole response circuit with —3-dB rolloff at 15.9 kHz and 159 Hz

* Modify the design to increase attenuation level to —40 dB/decade (Sallen-Key Filter)

Use these design values:
e C;=0nF, 10nF, 1 pF

b Rlzle
- Rg=10kQ
- Rp=90kQ

Figure 30 shows how the output voltage of OPA340 changes over frequency depending on the value of C; with a
constant R, of 1 kQ. Without any filtering of the input signal (C, = 0), the —3-dB effective bandwidth is a function
of the OPA340 unity-gain bandwidth and closed-loop gain, f_zqg) = UGBW/A¢|, where Ac is closed-loop gain
and UGBW denotes unity-gain bandwidth. Thus, for a closed-loop gain = 10, f_3gs) = 1 MHz/10 =100 kHz; see
Figure 30.

To further limit the O#Jtput bandwidth, an appropriate choice of C; must be made: for C; = 10 nF,

f.= =
€ 2nxR,C, 27x1*x1°=1509kKHz

To further limit the bandwidth, a larger C; must be used: choosing C; = 1 pF,
1 1

f.= =0
© 2nxR,C;  27x1"x1° =159 Hz (see Figure 30).

8.2.1.3 Application Curve

40

C,=0

~ 20 g g L
) ~ ~ ¥
ZZ Cy=10nF— [\ |
2 0
T 7
c C,=1pF
©
O _20

-40

1 10 100 1k 10k 100k 1M

Frequency (Hz)

Figure 30. OPA340 Single-Pole AC Gain vs Frequency Response
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Typical Applications (continued)
8.2.2 Two-Pole, Low-Pass Filter

If even more attenuation is required, a multiple pole filter is required. The Sallen-Key filter may be used for this
task, as shown in Figure 31. For best results, the amplifier must have effective bandwidth that is at least 10 times
higher than the filter cutoff frequency. Failure to follow this guideline results in a phase shift of the amplifier,
which in turn leads to lower precision of the filter bandwidth. Additionally, to minimize the loading effect between
multiple RC pairs on overall the filter cutoff frequency, choose R = 10 x R; and C, = C1/10; see Figure 32.

RG RF
‘ A Wy
R2 R 0PA340 > Vour
AN A . ,

+
g J‘ C1
@ T

Copyright & 2016, Texas Instruments Incorporated

Figure 31. Two-Pole, Lowpass Filter

Equation 3 through Equation 5 show calculations for corner frequency and gain:

1
fe = 27yR,C,R,C, @)
Voure G(2nf,)"
Vig s + 2¢(2nf.)s + (2nf.)° @
o RetR:

Rs (5)

8.2.2.1 Detailed Design Procedure

Use these design values:
e Ci=10nFandC,=1nF
« R;=1kQand R,= 10 kQ
+ Rg=10kQ
° RF =90 kQ
Figure 32 shows the SaIIen—Key1fiIter second-order response for different RC values: for R and C values above,
fc = = 3 B 44 9
27YR,.C,R,C, ~ 27V x 1 %% 1%x 1° = 15.9 kHz.
To further limit the bandwidth, a larger RC value must be used: increasing C values 100 times, such as
C, =1 %JF and C, = 0.11 MF, with unchanged resistors, results in the second-order rolloff at

£ = = — :
©72rYR.CR,C, 2 1°x1°x1°x 17 = 159 Hz. See Figure 32.
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Typical Applications (continued)
8.2.2.2 Application Curve

40
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Figure 32. OPA340 Two-Pole, L