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OPAXx350 High-Speed, Single-Supply, Rail-to-Rail Operational Amplifiers MicroAmplifier

Series

1 Features

Rail-to-Rail Input

Rail-to-Rail Output (Within 10 mV)
Wide Bandwidth: 38 MHz

High Slew Rate: 22 V/us

Low Noise: 5 nV/\VHz

Low THD+Noise: 0.0006%
Unity-Gain Stable

MicroSize Packages

Single, Dual, and Quad

Applications

Cell Phone PA Control Loops
Driving A/D Converters
Video Processing

Data Acquisition

Process Controls

Audio Processing
Communications

Active Filters

Test Equipment
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3 Description

The OPA350 series of rail-to-rail CMOS operational
amplifiers are optimized for low voltage, single-supply
operation. Rail-to-rail input and output, low noise (5
nV/\VHz), and high speed operation (38 MHz, 22 V/us)
make the amplifiers ideal for driving sampling Analog-
to-Digital (A/D) converters. They are also suited for
cell phone PA control loops and video processing
(75-Q drive capability), as well as audio and general
purpose applications. Single, dual, and quad versions
have identical specifications for maximum design
flexibility.

The OPA350 series operates on a single supply as
low as 2.5 V, with an input common-mode voltage
range that extends 300 mV below ground and 300
mV above the positive supply. Output voltage swing
is to within 10 mV of the supply rails, with a 10-kQ
load. Dual and quad designs feature completely
independent circuitry for lowest crosstalk and
freedom from interaction.

The single (OPA350) and dual (OPA2350) come in
the miniature MSOP-8 surface mount, SO-8 surface
mount, and DIP-8 packages. The quad (OPA4350)
packages are in the space-saving SSOP-16 surface
mount and SO-14 surface mount. All are specified
from -40°C to 85°C and operate from -55°C to
150°C.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
MSOP (8) 3.00 mm x 3.00 mm
OPA350 SOIC (8) 3.91 mm x 4.90 mm

PDIP (8) 6.35 mm x 9.81 mm

MSOP (8) 3.00 mm x 3.00 mm
OPA2350 SOIC (8) 3.91 mm x 4.90 mm
PDIP (8) 6.35 mm x 9.81 mm

SSOP (16) 3.90 mm x 4.90 mm
SOIC (14) 3.91 mm x 8.65 mm

OPA4350

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

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

OPA350: P, D, and DGK Packages
8-Pin PDIP, SOIC, and VSSOP
Top View
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OPA2350: P, D, and DGK Packages
8-Pin PDIP, SOIC, and VSSOP
Top View

D Package
14-Pin SOIC
Top View
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Pin Functions
PIN
NAME | OPA350 | OPA2350 | OPA4350 SO-14 | OPA4350 SSOP /O | DESCRIPTION
NO. NO. NO. NO.
NC 1,58 — — 8,9 — No internal connection
—In 2 — — — | Inverting input
+In 3 — — — | Noninverting input
V- 4 4 11 13 | Negative power supply
Output 6 — — — (0] Output
V+ 7 8 4 4 | Positive power supply
Out A — 1 1 1 (0] Output channel A
—In A — 2 2 2 | Inverting input channel A
+In A — 3 3 3 | Noninverting input channel A
+In B — 5 5 5 | Noninverting input channel B
-In B — 6 6 6 | Inverting input channel B
Out B — 7 7 7 (0] Output channel B
Out C — — 8 10 (0] Output channel C
-InC — — 9 11 | Inverting input channel C
+In C — — 10 12 | Noninverting input channel C
+In D — — 12 14 | Noninverting input channel D
—InD — — 13 15 | Inverting input channel D
Out D — — 14 16 (0] Output channel D
Copyright © 2000-2015, Texas Instruments Incorporated Submit Documentation Feedback 3

Product Folder Links: OPA350 OPA2350 OPA4350



http://www.ti.com/product/opa350?qgpn=opa350
http://www.ti.com/product/opa2350?qgpn=opa2350
http://www.ti.com/product/opa4350?qgpn=opa4350
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBOS099D&partnum=OPA350
http://www.ti.com/product/opa350?qgpn=opa350
http://www.ti.com/product/opa2350?qgpn=opa2350
http://www.ti.com/product/opa4350?qgpn=opa4350

13 TEXAS

INSTRUMENTS
OPA350, OPA2350, OPA4350
SBOS099D —SEPTEMBER 2000—REVISED DECEMBER 2015 www.ti.com
6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) @
MIN MAX UNIT
Supply voltage 7 \%
Signal input terminals? Voltage (v2)-03 (V) + 03 v
Current 10 mA
Open short circuit current® Continuous
Operating temperature -55 150 °C
Lead temperature (soldering, 10 s) 300 °C
Junction temperature 150 °C
Tstg Storage temperature -55 150 °C

(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 0.3 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

OPA350, OPA2350, OPA4350 (ALL PACKAGE TYPES)
Vesp) Electrostatic discharge | Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() | +1000 | \Y
OPA350, OPA2350, OPA4350 (SOIC PACKAGES ONLY)

Charg(%d-device model (CDM), per JEDEC specification JESD22-
C101

+1500 \Y

V(Esp) Electrostatic discharge

(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 NOM MAX UNIT
Power supply voltage, (V+)-(V-) 2.7 (¥1.35) 5(%2.5) 5.5 (#2.75) \
Specified temperature -40 25 85 °C
Operating temperature -55 25 150 °C
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6.4 Thermal Information: OPA350 and OPA2350

OPA350, OPA2350

THERMAL METRIC® DGK (VSSOP) P (PDIP) D (SOIC) UNIT
8 PINS 8 PINS 8 PINS

Rgia Junction-to-ambient thermal resistance 169.2 53.1 140.1 °C/W
Reic(top) Junction-to-case (top) thermal resistance 62.8 42.5 89.8 °C/IW
Reis Junction-to-board thermal resistance 89.8 30.3 80.6 °C/IW
Wit Junction-to-top characterization parameter 7.5 19.7 28.7 °C/W
Wis Junction-to-board characterization parameter 88.2 30.2 80.1 °C/IW
Reic(hoyy Junction-to-case (bottom) thermal resistance N/A N/A N/A °C/W

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

6.5 Thermal Information: OPA4350

OPA4350
THERMAL METRIC® D (SOIC) DBQ (SSOP) UNIT
14 PINS 16 PINS
Rgia Junction-to-ambient thermal resistance 83.8 115.8 °C/IW
Raic(top) Junction-to-case (top) thermal resistance 70.7 67 °C/IW
Reis Junction-to-board thermal resistance 59.5 58.3 °C/IW
Wit Junction-to-top characterization parameter 11.6 19.9 °C/IW
Wig Junction-to-board characterization parameter 37.7 57.9 °C/IW
Raic(bot) Junction-to-case (bottom) thermal resistance N/A N/A °C/IW

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

report, SPRA953.
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6.6 Electrical Characteristics
Vg = 2.7 V to 5.5 V; All specifications at T, = 25°C, R, = 1 kQ connected to V¢/2 and Voyr = Vg/2, unless otherwise noted.
PARAMETER | TEST CONDITIONS | mN TYP® MAX| uNIT
OFFSET VOLTAGE
Vg=5V +150 +500 uv
Vos Input offset voltage ggfc_d'occ to *1 mv
vs Temperature Ta =-40°C to 85°C +4 uv/°C
PSRR ‘r’;;‘t’i"(‘)’ﬁ’;zgsp'y Vs=27V1055V,Vey=0V 20 iiz HVIV
Channel separation (dual, quad) DC 0.15 uviv
INPUT BIAS CURRENT
I Input bias current 205 +10 pA
vs Temperature See Typical Characteristics
los Input offset current +0.5 +10 pA
NOISE
Input voltage noise, f = 100 Hz to 400 kHz 4 pVvrms
e, Input voltage noise density, f = 10 kHz 7 nV/AHz
Input current noise density, f = 100 kHz 5 nV/\Hz
in Current noise density, f = 10 kHz 4 fAINHz
INPUT VOLTAGE RANGE
Vewm Common-mode voltage range Ta = -40°C to 85°C -0.1 (V+) +0.1 \%
Vg=27V,-01V<Vey<28V 66 84
CMRR  Common-mode rejection ratio Vs=55V, 101V <Vew<56V 4 90 dB
Ta =-40°C to 85°C, 74
Vg=55V,-01V<Vey<56V
INPUT IMPEDANCE
Differential 10| 2.5 Q|| pF
Common-mode 104 6.5 Q|| pF
OPEN-LOOP GAIN
R, = 10 kQ, 50 mV < Vg < (V+) =50 mV 100 122
A Open-loop voltage R, = 10 kQ, 50 mV < Vg < (V+) -50 mV 100
oL gain Ta=-40°Cto R, = 1 kQ, 200 mV < Vg < (V+) —200 mV 100 120 ®
85°C L S
R, = 1kQ, 200 mV < Vg < (V+) =200 mV 100
FREQUENCY RESPONSE (C, = 100 pF)
GBW Gain-bandwidth product G=1 38 MHz
SR Slew rate G=1 22 Vius
Settling time 01% G = +1, 2-V Step 022 us
0.01% 0.5
Overload recovery time Vin % G =Vg 0.1 ps
THD+N Total harmonic distortion + noise RL=6000Q,Vo=25Vp®, G=1,f=1kHz 0.0006%
Differential gain error G=2,R =600Q,Vo=14VE® 0.17%
Differential phase error G=2,R.=6000Q,Vy=14VE® 0.17 °
OUTPUT
R, = 10 kQ, Ao, = 100 dB 10 50
Vour Xg:;a?;@?tpm swing Th = —40°C to R, =10 kQ, Ao, = 100 dB 50 mv
85°C R, =1kQ, Ao, 2100 dB 25 200
louT Output current +40® mA
Isc short circuit current +80 mA
Cloap Capacitive load drive See Typical Characteristics
1) Vg=5V
(2) Vour=0.25Vto275V
(3) NTSC signal generator used. See Figure 31 for test circuit.
(4) Output voltage swings are measured between the output and power supply rails.
(5) See Figure 17.
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Electrical Characteristics (continued)

Vg = 2.7 V to 5.5 V; All specifications at T, = 25°C, R, = 1 kQ connected to Vg/2 and Vgt = Vg/2, unless otherwise noted.

PARAMETER | TEST CONDITIONS MIN TYPW MAX UNIT
POWER SUPPLY
Vs Operating voltage range Ta =-40°C to 85°C 2.7 55 \%
Minimum operating voltage 2.5 \%
Quiescent current 52 5
| o — _40° lo=0 mA
Q (per amplifier) -slg—g"_c 40°C to o 8.5
TEMPERATURE RANGE
Specified range -40 85 °C
Operating range -55 150 °C
Copyright © 2000-2015, Texas Instruments Incorporated Submit Documentation Feedback 7
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6.7 Typical Characteristics

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

All specifications at T, = 25°C, Vg =5V, and R, =1 kQ connected to Vg/2, unless otherwise noted.

0.5 L B 130
L G=2 ]
0.4 Phase VO =14V
. NTSC Signal Generator =
— ~ 12 = QR =1kQ
T See Figure 6 for test circuit. | Q 5 R 1Ok\ t
Py z
£ 8 03 5
8 & (E 120 | R E——
Ss ~ N g J———— I E———
g5 02 Gain 7= . 7 T A
35 — s R, =600Q
= Qo
[ala o 115
0.1
0 110
0 100 200 300 400 500 600 700 800 900 1000 =75 -50 -25 0 25 50 75 100 125
Resistive Load (Q) Temperature ( °C)
Figure 7. Differential Gain and Phase vs Resistive Load Figure 8. Open-Loop Gain vs Temperature
100 T T T 110 40
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Figure 9. Common-Mode and Power-Supply Rejection Ratio Figure 10. Slew Rate vs Temperature
vs Temperature
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Figure 11. Quiescent Current and short circuit Current vs Figure 12. Quiescent Current vs Supply Voltage
Temperature
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Typical Characteristics (continued)

All specifications at T, = 25°C, Vg =5V, and R, =1 kQ connected to Vg/2, unless otherwise noted.

Figure 17. Output Voltage Swing vs Output Current
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Typical Characteristics (continued)

All specifications at T, = 25°C, Vg =5V, and R, =1 kQ connected to Vg/2, unless otherwise noted.

Load Capacitance (pF)

Figure 21. Small-Signal Overshoot vs Load Capacitance
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Figure 22. Settling Time vs Closed-Loop Gain
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7 Detailed Description

7.1 Overview

The OPA350 series rail-to-rail CMOS operational amplifiers are optimized for low voltage, single-supply
operation. Rail-to-rail input and output, low noise (5 nV/YHz), and high speed operation (38 MHz, 22 V/us) make
the amplifiers ideal for driving sampling Analog-to-Digital (A/D) converters. They are also suited for cell phone PA
control loops and video processing (75-Q drive capability), as well as audio and general purpose applications.
Single, dual, and quad versions have identical specifications for maximum design flexibility.

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

The OPA350 series of operational amplifiers (op amps) are fabricated on a state-of-the-art 0.6 micron CMOS
process. They 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. They are also suited for controlling the
output power in cell phones. These applications often require high speed and low noise. In addition, the OPA350
series offers a low-cost solution for general-purpose and consumer video applications (75-Q drive capability).

Excellent AC performance makes the OPA350 series suited for audio applications. Their bandwidth, slew rate,
low noise (5 nV/VHz), low THD (0.0006%), and small package options are ideal for these applications. The class
AB output stage is capable of driving 600-Q loads connected to any point between V+ and ground.

Rail-to-rail input and output swing significantly increases dynamic range, especially in low voltage supply
applications. Figure 25 shows the input and output waveforms for the OPA350 in unity-gain configuration.
Operation is from a single 5-V supply with a 1-kQ load connected to Vg/2. The input is a 5 Vpp sinusoid. Output
voltage swing is approximately 4.95 Vpp.

Power supply pins should be bypassed with 0.01-uF ceramic capacitors.
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Feature Description (continued)

Vg=+5,G=+1,R_=1kQ

5V / /—\\
N / Nl
Vin \\ \ .
N S
5V 3 /7 «
AN /!
Vour \\ // \\
NS N

0

Figure 25. Rail-to-Rail Input and Output

7.3.1 Operating Voltage

OPA350 series operational amplifiers are fully specified from 2.7 V to 5.5 V. Supply voltage may range from 2.5
V to 5.5 V. Parameters are tested over the specified supply range: a feature of the OPA350 series. In addition,
many specifications apply from —40°C to 85°C. Most behavior remains virtually unchanged throughout the full
operating voltage range. Parameters that vary significantly with operating voltage or temperature are shown in
Typical Characteristics.

7.3.2 Rail-to-Rail Input

The tested input common-mode voltage range of the OPA350 series extends 100 mV beyond the supply rails.
This is achieved with a complementary input stage: an N-channel input-differential pair in parallel with a P-
channel differential pair, as shown in Figure 26. The N-channel pair is active for input voltages close to the
positive rail, typically (V+) — 1.8 V to 100 mV above the positive supply, while the P-channel pair is on for inputs
from 100 mV below the negative supply to approximately (V+) — 1.8 V. There is a small transition region, typically
(V+) = 2 V to (V+) — 1.6 V, in which both pairs are on. This 400-mV transition region can vary +400 mV with
process variation. Thus, the transition region (both input stages on) can range from (V+) — 2.4 V to (V+) —2 V on
the low end, up to (V+) — 1.6 V to (V+) — 1.2 V on the high end.
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Feature Description (continued)
V+ TS TS *
+ Reference +
Current
Y JW&J —
Vaiast Class AB
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Circuitry
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-
I ?
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Figure 26. Simplified Schematic

OPA350 series operational amplifiers are laser-timmed to 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 500 fA. However, large inputs (greater than 300
mV beyond the supply rails) can turn on the input protection diodes, causing excessive current to flow in or out of
the input pins. Momentary voltages greater than 300 mV beyond the power supply can be tolerated if the current
on the input pins is limited to 10 mA. This is easily accomplished with an input resistor, as shown in Figure 27.
Many input signals are inherently current-limited to less than 10 mA; therefore, a limiting resistor is not required.

loverLoAD
10mA max

O Vour

Figure 27. 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 achieves rail-to-rail output. For light resistive loads (>10
kQ), the output voltage swing is typically ten millivolts from the supply rails. With heavier resistive loads (600 Q to
10 kQ), the output can swing to within a few tens of millivolts from the supply rails and maintain high open-loop
gain. See Figure 17 and Figure 18 for more information.
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Feature Description (continued)
7.3.4 Capacitive Load and Stability

OPA350 series operational amplifiers can drive a wide range of capacitive loads. However, all operational
amplifiers under certain conditions may become unstable. operational amplifier configuration, gain, and load
value are just a few of the factors to consider when determining stability. An operational amplifier in unity-gain
configuration is the most susceptible to the effects of capacitive load. The capacitive load reacts with the output
impedance 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, OPA350 series operational amplifiers perform well with large capacitive loads. Increasing gain
enhances the ability of the amplifier to drive more capacitance. Figure 21 shows performance with a 1-kQ
resistive load. Increasing load resistance improves capacitive load drive capability.

7.3.5 Driving A/D Converters

OPA350 series operational amplifiers are optimized for driving medium speed (up to 500 kHz) sampling A/D
converters, and also offer excellent performance for higher speed converters. The OPA350 series provides an
effective means of buffering the input capacitance of the A/D and resulting charge injection while providing signal
gain.

Figure 28 shows the OPA350 driving an ADS7861. The ADS7861 is a dual, 500 kHz, 12-bit sampling converter
in the tiny SSOP-24 package. When used with the miniature package options of the OPA350 series, the
combination is ideal for space-limited applications. For further information, consult the ADS7861 data sheet,
Dual, 500kSPS, 12-Bit, 2 + 2 Channel, Simultaneous Sampling ANALOG-TO-DIGITAL CONVERTER
(SBAS110).
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Feature Description (continued)
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Figure 28. OPA4350 Driving Sampling A/D Converter

7.3.6 Output Impedance

The low-frequency open-loop output impedance of the common-source output stage of the OPA350 is
approximately 1 kQ. When the operational amplifier is connected with feedback, this value is reduced
significantly by the loop gain of the operational amplifier. For example, with 122 dB of open-loop gain, the output
impedance is reduced in unity-gain to less than 0.001 Q. For each decade rise in the closed-loop gain, the loop
gain is reduced by the same amount which results in a ten-fold increase in effective output impedance (see
Figure 15).

At higher frequencies, the output impedance rises as the open-loop gain of the operational amplifier drops.
However, at these frequencies the output also becomes capacitive due to parasitic capacitance. This prevents
the output impedance from becoming too high, which can cause stability problems when driving capacitive loads.
The OPA350 has excellent capacitive load drive capability for an operational amplifier with its bandwidth.
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7.4 Device Functional Modes

The OPAx350 has a single functional mode and is operational when the power-supply voltage is greater than
2.7 V (£1.35 V). The maximum power supply voltage for the OPAx350 is 5.5V (¥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

Low pass filters are commonly employed in signal processing applications to reduce noise and prevent aliasing.
The OPAx350 are ideally suited to construct high speed, high precision active filters. Figure 29 illustrates a
second order low pass filter commonly encountered in signal processing applications.

8.2 Typical Applications

8.2.1 Second Order Low Pass Filter

_LCS

1nF

R4
2.94kQ

R3

—e——) Output
499 Q + P

OPAXx350
T I
39 nF

Figure 29. Second Order Low Pass Filter

Input

8.2.1.1 Design Requirements

Use the following parameters for this design example:

e Gain =5 V/V (inverting gain).

» Low pass cutoff frequency = 25 kHz.

« Second order Chebyshev filter response with 3-dB gain peaking in the passband.

8.2.1.2 Detailed Design Procedure

The infinite-gain multiple-feedback circuit for a low-pass network function is shown in Equation 1. Use Equation 2
to calculate the voltage transfer function.

Output (s)- -VRR3C,Cs
Input s% +(s/Cy) (VR +¥YR3 + VYR, ) +IR3R,C,Cs @

This circuit produces a signal inversion. For this circuit the gain at DC and the low pass cutoff frequency can be
calculated using Equation 2.

Gain :&
Ry

1
fc = Z\/(VR3R402C5) @

Software tools are readily available to simplify filter design. WEBENCH® Filter Designer is a simple, powerful,
and easy-to-use active filter design program. The WEBENCH Filter Designer lets you create optimized filter
designs using a selection of Tl operational amplifiers and passive components from TI's vendor partners.
Available as a web based tool from the WEBENCH® Design Center, WEBENCH® Filter Designer allows you to
design, optimize, and simulate complete multi-stage active filter solutions within minutes.
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Typical Applications (continued)
8.2.1.3 Application Curve
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Figure 30. OPAx350 2nd Order 25-kHz, Chebyshev, Low-Pass Filter

8.2.2 Single-Supply Video Line Driver

Figure 31 shows a circuit for a single supply, G = 2 composite video line driver. The synchronized outputs of a
composite video line driver extend below ground. As shown, the input to the operational amplifier should be AC-
coupled and shifted positively to provide adequate signal swing to account for these negative signals in a single-

supply configuration.

The input is terminated with a 75-Q resistor and AC-coupled with a 47-uF capacitor to a voltage divider that
provides the DC bias point to the input. In Figure 31, this point is approximately (V-) + 1.7 V. Setting the optimal
bias point requires some understanding of the nature of composite video signals. For best performance, avoid
the distortion caused by the transition region of the complementary input stage of the OPA350. See the
discussion of rail-to-rail input in Rail-to-Rail Input.

Rg Re

1kQ 1kQ
I\Mf VWA

C, +5V C,
IZZO}JF 0.1uF

CZ
47uF

OPA350

Video [ o .
[ <
In R, R,
75Q 5kQ

-

CS
1000HF

R, R, *SV(pin7)
5kQ 5kQ
YWW———M

1.

T 1ouF

Figure 31. Single-Supply Video Line Driver
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Typical Applications (continued)
8.2.3 Adding a Feedback Capacitor to Improve Response

For optimum settling time and stability with high-impedance feedback networks, it may be necessary to add a
feedback capacitor across the feedback resistor, Rg, as shown in Figure 32. This capacitor compensates for the
zero created by the feedback network impedance and the input capacitance of the OPA350 (and any parasitic
layout capacitance). The effect becomes more significant with higher impedance networks.

Ce
|
Al
Ry Re
Vi oW VWA
V+

1
T

Cin
Rn® Cn=Re* Ce | =
OPA350 Vi
N 7 CO out
L
L= =
== =

Where C,y is equal to the OPA350’s input
capacitance (approximately 9pF) plus any
parasitic layout capacitance.

Figure 32. Feedback Capacitor Improves Dynamic Performance

A variable capacitor can be used for the feedback capacitor, because input capacitance may vary between
operational amplifiers and layout capacitance is difficult to determine. For the circuit shown in Figure 32, the
value of the variable feedback capacitor should be chosen so that the input resistance times the input
capacitance of the OPA350 (typically 9 pF) plus the estimated parasitic layout capacitance equals the feedback
capacitor times the feedback resistor:

Rin X Cin = Rg % Cg

where

e Cy is equal to the input capacitance of the OPA350 (sum of differential and common-mode) plus the layout
capacitance. 3)

The capacitor can be varied until optimum performance is obtained.

8.2.4 Two Op-Amp Instrumentation Amplifier With Improved High-Frequency Common-Mode Rejection

The OPAXx350 is well suited for high input impedance applications such as an instrumentation amplifier. The two
amplifier configuration shown in Figure 33 rejects any common mode signals and senses the small differential
input voltage developed by the resistive bridge. The voltage reference sets the output to 2.5 V when the
differential signal developed by the bridge is zero. The high common mode rejection versus frequency response
of the OPAX350, rejects and common mode noise that may be coupled into the bridge circuit from the bridge
excitation source. The gain of the circuit is determined by Rg according to the equation shown in Figure 33.
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Typical Applications (continued)
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Figure 33. Two Op-Amp Instrumentation Amplifier With Improved High-Frequency Common-Mode
Rejection Schematic

8.2.5 10-kHz High-Pass Filter

High-pass filters are used to reject DC signals and low-frequency time varying signals such as drift versus
temperature. Figure 34 illustrates a high-pass filter with a 10 kHz low-frequency cutoff frequency.
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Figure 34. 10-kHz High-Pass Filter

Copyright © 2000-2015, Texas Instruments Incorporated Submit Documentation Feedback 21
Product Folder Links: OPA350 OPA2350 OPA4350


http://www.ti.com/product/opa350?qgpn=opa350
http://www.ti.com/product/opa2350?qgpn=opa2350
http://www.ti.com/product/opa4350?qgpn=opa4350
http://www.