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5 Device Comparison Table

Table 1. Zero-Drift Amplifier Portfolio

OFFSET VOLTAGE OFFSET VOLTAGE DRIFT BANDWIDTH
VERSION PRODUCT (uv) (uv/°C) (MHz)
OPA188-Q1(4 V to 36 V) 25 0.085 2
OPA180-Q1 (4 V to 36 V) 75 0.35 2
Single OPA333 (5V) 10 0.05 0.35
OPA378 (5 V) 50 0.25 0.9
OPA735 (12 V) 5 0.05 1.6
OPA2188-Q1 (4 V to 36 V) 25 0.085 2
OPA2180-Q1 (4 V to 36 V) 75 0.35 2
Dual OPA2333 (5V) 10 0.05 0.35
OPA2378 (5 V) 50 0.25 0.9
OPA2735 (12 V) 5 0.05 1.6
OPA4188 (4 V to 36 V) 25 0.085 2
Quad OPA4180 (4 V to 36 V) 75 0.35 2
OPA4330 (5 V) 50 0.25 0.35
Copyright © 2017-2018, Texas Instruments Incorporated 3
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6 Pin Configuration and Functions

OPA180-Q1 DGK Package

8-Pin VSSOP
Top View

NC™ | 1

o

8 | NCO

ME |
+IN IZ El ouT
an 5] o
(1) NC- no internal connection
Pin Functions: OPA180-Q1
PIN
DESCRIPTION
NAME NO.
—IN Inverting input
+IN 3 Noninverting input
NC 1,5,8 No connection
ouT 6 Output
V- Negative power supply
V+ Positive power supply

Copyright © 2017-2018, Texas Instruments Incorporated
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OPA2180-Q1 DGK Package
8-Pin VSSOP
Top View

(@]

JINA | 2 A 7 | ouTB
+INA | 3 A 6| -INB
v- | 4 5| +INB

Pin Functions: OPA2180-Q1

PIN
NS = DESCRIPTION
-IN A 2 Inverting input, channel A
+IN A 3 Noninverting input, channel A
-IN B 6 Inverting input, channel B
+IN B 5 Noninverting input, channel B
OUT A 1 Output, channel A
OouUT B 7 Output, channel B
V- 4 Negative power supply
V+ 8 Positive power supply

Copyright © 2017-2018, Texas Instruments Incorporated 5
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7 Specifications
7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT
+20, 40
Supply voltage (single-supply) \%
. . . Voltage (V-)-05 (V+) +0.5 \%
Signal input terminals
Current +10 mA
Output short-circuit® Continuous
Operating temperature -55 125 °C
T; Junction temperature 150 °C
Tstg Storage temperature -65 150 °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) Short-circuit to ground, one amplifier per package.

7.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per AEC Q100-002 +1500
V(Esp) Electrostatic discharge - \%
Charged-device model (CDM), per AEC Q100-011 +750

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

7.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted), R, = 10 kQ connected to Vg / 2, and Vcom = Vour = Vs /
2, (unless otherwise noted)

MIN NOM MAX UNIT
Single-suppl 4.5 36 \Y
Supply voltage [(V+) — (V-)] - g PPY
Bipolar-supply +2.25 +18 \%
Operating temperature —40 125 °C

6 Copyright © 2017-2018, Texas Instruments Incorporated
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7.4 Thermal Information: OPA180-Q1

OPA180-Q1
THERMAL METRIC® DGK (VSSOP) UNIT
8 PINS
Roia Junction-to-ambient thermal resistance 180.4 °C/IW
Rosc(op) Junction-to-case(top) thermal resistance 67.9 °C/IW
Ross Junction-to-board thermal resistance 102.1 °CIW
Wit Junction-to-top characterization parameter 10.4 °CIW
Vi Junction-to-board characterization parameter 100.3 °CIW
Roacbor) Junction-to-case(bottom) thermal resistance N/A °C/IW

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

7.5 Thermal Information: OPA2180-Q1

OPA2180-Q1
THERMAL METRIC® DGK (VSSOP) UNIT
8 PINS
Roia Junction-to-ambient thermal resistance 159.3 °C/W
Roactop) Junction-to-case (top) thermal resistance 37.4 °C/IW
RgiB Junction-to-board thermal resistance 48.5 °C/IW
Vot Junction-to-top characterization parameter 1.2 °C/IW
ViB Junction-to-board characterization parameter 77.1 °C/IW
Roacbot) Junction-to-case (bottom) thermal resistance N/A °C/IW

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

Copyright © 2017-2018, Texas Instruments Incorporated 7
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7.6 Electrical Characteristics: Vg=22Vto £18V (Vs=4Vto 36 V)
at T, = 25°C, R, = 10 kQ connected to Vg / 2, and Vcom = Vour = Vs / 2, (unless otherwise noted)

PARAMETER | CONDITIONS | MIN TYP MAX UNIT
OFFSET VOLTAGE
Vio Input offset voltage 15 75 v
dV,o/dT Input offset voltage drift Ta =-40°C to +125°C 0.1 0.35 uv/eC
VA P 01 05| Wi
PSRR Power-supply rejection ratio Tp = —40°C to +125°C,
Vs=4V1to36V 0.5 N
Vem = Vs /2
Long-term stability 40 uv
Channel separation, DC 1 uviv
INPUT BIAS CURRENT
OPA2180-Q1 +0.25 +1 nA
?E 2 i?)?é}tt +105°C 18 *5 nA
g Input bias current
OPA180-Q1 +0.25 *1.7 nA
?E o +125°C 18 *6 nA
OPA2180-Q1 +0.5 +2 nA
?E 2 i?)?é}tt +105°C 6 2.5 nA
lio Input offset current
OPA180-Q1 +3.4 nA
?E o +125°C 6 3 nA
NOISE
Input voltage noise f=0.1Hzto 10 Hz 0.25 wVWpp
en Input voltage noise density f=1kHz 10 nVAHz
in Input current noise density f=1kHz 10 fANHZ
INPUT VOLTAGE RANGE
Vewm Common-mode voltage range V- (V+)-15 \Y
(V=) < Ve < (V4) =15V 104 114 dB
CMRR Common-mode rejection ratio Tp = —40°C to +125°C 100 104 4B
(V=) +05V<Vey<(V+)-15V
INPUT IMPEDANCE
Zig Differential 100 || 6 MQ || pF
Zic Common-mode 61195 102 Q || pF
OPEN-LOOP GAIN
S{—l ;gi?z mV < Vg < (V+) — 500 mV 110 120 dB
AoL Open-loop voltage gain Ta = —40°C to +125°C
(V=) + 500 mV < Vg < (V+) — 500 mV 104 114 dB
R = 10 kQ
FREQUENCY RESPONSE
GBW Gain bandwidth product 2 MHz
SR Slew rate G=1 0.8 V/us
o 0.1% Vg =18V, G =1, 10-V step 22 us
ts Settling time
0.01% Vs =#18V, G =1, 10-V step 30 us
tor Overload recovery time Vin %X G =Vg 1 us
THD+N Total harmonic distortion + noise f=1kHz, G=1, Voyr = 1 Vrus 0.0001%

(1) 1000-hour life test at 125°C demonstrated

randomly distributed variation in the range of measurement limits, or approximately 4 uV.

Copyright © 2017-2018, Texas Instruments Incorporated
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Electrical Characteristics: Vg =2 Vto £18 V (Vs =4 V to 36 V) (continued)

at T, = 25°C, R, = 10 kQ connected to Vg / 2, and Vcom = Vour = Vs / 2, (unless otherwise noted)

PARAMETER | CONDITIONS | MIN TYP MAX UNIT
OUTPUT
No load 8 18 mV
Voltage output swing from rail R =10kQ 250 800 mv
;,i i Igokog to +125°C 325 360 mv
los Short-circuit current +18 mA
fo Output resistance (open loop) f=2MHz,Io =0mA 120 Q
CLoap Capacitive load drive 1 nF
POWER SUPPLY
Vs Operating voltage range +2 (or 4) +18 (or 36) \Y
450 525 pA
lo Quiescent current (per amplifier) TA_: _40°C to +125°C 600 WA
lo=0mA
TEMPERATURE
Specified range -40 105 °C
Operating range —40 105 °C

Copyright © 2017-2018, Texas Instruments Incorporated 9
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7.7 Typical Characteristics: Table of Graphs

5 2. Characteristic Performance Measurements

DESCRIPTION FIGURE
Ig and lps vs Common-Mode Voltage K1
Input Bias Current vs Temperature K 2
Output Voltage Swing vs Output Current (Maximum Supply) K 3
CMRR vs Temperature K 4
0.1-Hz to 10-Hz Noise K 5
Input Voltage Noise Spectral Density vs Frequency K 6
Open-Loop Gain and Phase vs Frequency X7
Open-Loop Gain vs Temperature K 8
Open-Loop Output Impedance vs Frequency X9
Small-Signal Overshoot vs Capacitive Load (100-mV Output Step) KX 10, B 11
No Phase Reversal R 12
Positive Overload Recovery K 13
Negative Overload Recovery K 14
Small-Signal Step Response (100 mV) K 15, B 16
Large-Signal Step Response R 17, B 18
Large-Signal Settling Time (10-V Positive Step) KX 19
Large-Signal Settling Time (10-V Negative Step) K 20
Short-Circuit Current vs Temperature KX 21
Maximum Qutput Voltage vs Frequency K 22
Channel Separation vs Frequency K 23
EMIRR IN+ vs Frequency K 24

10

Copyright © 2017-2018, Texas Instruments Incorporated


http://www.tij.co.jp/product/opa180-q1?qgpn=opa180-q1
http://www.tij.co.jp/product/opa2180-q1?qgpn=opa2180-q1
http://www.tij.co.jp

13 TEXAS
INSTRUMENTS

www.tij.co.jp

OPA180-Q1, OPA2180-Q1
JAJSD63A —JUNE 2017—REVISED JUNE 2018

7.8 Typical Characteristics
Vg =#18V, Vey = Vs / 2, Rioap = 10 kQ connected to Vg / 2, and C_ = 100 pF, unless otherwise noted.
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-300 -2000
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Typical Characteristics (continued)
Vg =18 V, Ve = Vs / 2, R oap = 10 kQ connected to Vg / 2, and C, = 100 pF, unless otherwise noted.
140 180 3
— Gain — Vgupply =4 V, R =10 kQ
120 | = Phase
25 { — Vsuppy =36 VR =10 kQ
100 q 135
N
/|
g 80 N > < 2 ,"
= ) <
5 60 N il 90 g |3 15 //
V] 40 N\ o =~ :
N \ [e)
N
20 \ 45 < 1
N
™
0 Il /
20 0 0.5
10 100 1k 10k 100k 1M  10M 100M I g | — L--"
Frequency (Hz) G007 0
-56 -35 -15 5 25 45 65 85 105 125
Temperature (°C)
7. Open-Loop Gain and Phase vs Frequency 8. Open-Loop Gain vs Temperature
10k 40
— Royr=0Q
35
— Rour=25Q
1k
30 H— Rgoyr=500 —
al £ 25
100 L >
8 1% 3
o // % 20 /
N 10 o 1
2 15
/ o /
N A 10 V= Zd
1 //
Ny P 1V
im 0
1 10 100 1k 10k 100k 1M 10M 0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz) Capacitive Load (pF)
R, = 10 kQ
9. Open-Loop Output Impedance vs Frequency Kl 10. Small-Signal Overshoot vs Capacitive Load
(100-mV Output Step)
40 pro L e L L L T
35 — Royr=00 L— E TN o L : : E
— Rour=25Q 45; : ;
30 || — Ryyr =500 — | E ) Lo T
g = AT Lok it
s 25 5 Sine Wave |
— = K — (#185V) ]
9 / E } } } } I I I I .
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o =10ke Re=toko (B = —1 s : ]
10 [yFRAREREEEEREES AR N E
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B 11. Small-Signal Overshoot vs Capacitive Load B 12. No Phase Reversal
(100-mV Output Step)
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Typical Characteristics (continued)

Vg =18 V, Ve = Vs / 2, R oap = 10 kQ connected to Vg / 2, and C, = 100 pF, unless otherwise noted.
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Typical Characteristics (continued)

Vg =18 V, Ve = Vs / 2, R oap = 10 kQ connected to Vg / 2, and C, = 100 pF, unless otherwise noted.
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8 Detailed Description

8.1 Overview

The OPAx180-Q1 family of operational amplifiers combine precision offset and drift with excellent overall
performance, making them designed for many precision applications. The precision offset drift of only 0.1 uv/°C
provides stability over the entire temperature range. In addition, the devices offer excellent overall performance
with  high CMRR, PSRR, and Ag. As with all amplifiers, applications with noisy or
high-impedance power supplies require decoupling capacitors close to the device pins. In most cases, 0.1-yF
capacitors are adequate.

8.2 Functional Block Diagram
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V Copyright © 2017, Texas Instruments Incorporated
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8.3 Feature Description

8.3.1 Operating Characteristics

The OPAx180-Q1 family of amplifiers is specified for operation from 4 V to 36 V (£2 V to +18 V). Many of the
specifications apply from —40°C to +125°C. Parameters that can exhibit significant variance with regard to
operating voltage or temperature are presented in the Typical Characteristics.

8.3.2 EMI Rejection

The OPAx180-Q1 family uses integrated electromagnetic interference (EMI) filtering to reduce the effects of EMI
interference from sources such as wireless communications and densely populated boards with a mix of analog
signal chain and digital components. EMI immunity can improve with circuit design techniques; the OPAx180-Q1
family benefits from these design improvements. Texas Instruments has developed the ability to accurately
measure and quantify the immunity of an operational amplifier over a broad frequency spectrum extending from
10 MHz to 6 GHz. & 25 shows the results of this testing on the OPAx180-Q1 family . For more detailed
information, see the EMI Rejection Ratio of Operational Amplifiers application report, available for download from
www.ti.com.
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40

20
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25. OPAx180-Q1 EMIRR Testing

8.3.3 Phase-Reversal Protection

The OPAx180-Q1 family has an internal phase-reversal protection. Many op amps exhibit a phase reversal when
the input is driven beyond the linear common-mode range. This condition is most often encountered in
noninverting circuits when the input is driven beyond the specified common-mode voltage range, causing the
output to reverse into the opposite rail. The input of the OPAx180-Q1 prevents phase reversal with excessive
common-mode voltage. Instead, the output limits into the appropriate rail. This performance is shown in K| 26.

Sine Wave
— (+185V)

5 V/div

Time (100 ps/div)

Kl 26. No Phase Reversal
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Feature Description (continued)
8.3.4 Capacitive Load and Stability

The dynamic characteristics of the OPAXx180-Q1 are optimized for a range of common 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.
The simplest way to achieve this isolation is to add a small resistor (for example, Royut equal to 50 Q) in series
with the output. & 27 and 28 illustrate graphs of small-signal overshoot versus capacitive load for several
values of Rgyt. See the Feedback Plots Define Op Amp AC Performance, application report, available for
download from the TI website, for details of analysis techniques and application circuits.
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27. Small-Signal Overshoot Versus Capacitive Load 28. Small-Signal Overshoot Versus Capacitive Load

8.3.5 Electrical Overstress

Designers often ask questions about the capability of an operational amplifier to withstand electrical overstress.
These questions tend to focus on the device inputs, but may involve the supply voltage pins or even the output
pin. Each of these different pin functions have electrical stress limits determined by the voltage breakdown
characteristics of the particular semiconductor fabrication process and specific circuits connected to the pin.
Additionally, internal electrostatic discharge (ESD) protection is built into these circuits to protect them from
accidental ESD events both before and during product assembly.

These ESD protection diodes also provide in-circuit, input overdrive protection, as long as the current is limited to
10 mA as stated in the Absolute Maximum Ratings table. &l 29 shows how a series input resistor may be added
to the driven input to limit the input current. The added resistor contributes thermal noise at the amplifier input
and the value must be kept to a minimum in noise-sensitive applications.

V+
loverLoAD —
10 mA max
— - T
Vin© .
5 kQ + Device

K 29. Input Current Protection

An ESD event produces a short duration, high-voltage pulse that is transformed into a short duration, high-
current pulse as the pulse discharges through a semiconductor device. The ESD protection circuits are designed
to provide a current path around the operational amplifier core to protect the core from damage. The energy
absorbed by the protection circuitry is then dissipated as heat.
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Feature Description (continued)

When the operational amplifier connects into a circuit, the ESD protection components are intended to remain
inactive and not become involved in the application circuit operation. However, circumstances may arise when an
applied voltage exceeds the operating voltage range of a given pin. If this condition occurs, there is a risk that
some of the internal ESD protection circuits may be biased on, and conduct current. Any such current flow
occurs through ESD cells and rarely involves the absorption device.

If there is an uncertainty about the ability of the supply to absorb this current, external zener diodes may be
added to the supply pins. The zener voltage must be selected so the diode does not turn on during normal
operation.

However, the zener voltage must be low enough so that the zener diode conducts if the supply pin begins to rise
above the safe operating supply voltage level.

8.4 Device Functional Modes

The OPAx180-Q1, and OPA2180-Q1 devices are powered on when the supply is connected. These devices can
operate as a single-supply operational amplifier or dual-supply amplifier depending on the application. In single-
supply operation with V— at ground (0 V), V+ can be any value between 4 V and 36 V. In dual-supply operation,
the supply voltage difference between V- and V+ is from 4 V to 36 V. Typical examples of dual-supply
configuration are 5 V, +10 V, 15 V, and £18 V. However, the supplies must not be symmetrical. Less common
examples are V- at -3 V and V+ at 9 V, or V- at —16 V and V+ at 5 V. Any combination where the difference
between V- and V+ is at least 4 V and no greater than 36 V is within the normal operating capabilities of these
devices.

18 Copyright © 2017-2018, Texas Instruments Incorporated
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9 Application and Implementation

9.1 Application Information

The OPAx180-Q1 family offers excellent DC precision and AC performance. These devices operate up to 36-V
supply rails and offer rail-to-rail output, ultra-low offset voltage, offset voltage drift and 2-MHz bandwidth. These
features make the OPAx180-Q1 a robust, high-performance amplifier for high-voltage industrial applications.

9.2 Typical Applications

These application examples highlight a few of the circuits where the OPAx180-Q1 family can be used.

9.2.1 Bipolar £10-V Analog Output from a Unipolar Voltage Output DAC

This design is used for conditioning a unipolar digital-to-analog converter (DAC) into an accurate bipolar signal
source using the OPAx180-Q1 family and three resistors. The circuit is designed with reactive load stability in
mind, and is compensated to drive nearly any conventional capacitive load associated with long cable lengths.

Re Res
AVAVAY
Ccomp
k4 A |
Res [
— VOUT
A
DAC8560 + Riso c
LOAD
Device

Copyright © 2017, Texas Instruments Incorporated

K 30. Circuit Schematic

9.2.1.1 Design Requirements

The design requirements are as follows:
* DAC Supply Voltage: 5-V DC

* Amplifier Supply Voltage: +15-V DC
* Input: 3-Wire, 24-Bit SPI

* Output: £10-V DC

Copyright © 2017-2018, Texas Instruments Incorporated 19
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Typical Applications (continued)
9.2.1.2 Detailed Design Procedure

9.2.1.2.1 Component Selection

DAC: For convenience, devices with an external reference option or devices with accessible internal references
are desirable in this application because the reference creates an offset. The DAC selection in this design must
primarily be based on DC error contributions typically described by offset error, gain error, and integral
nonlinearity error. Occasionally, additional specifications are provided that summarize end-point errors of the
DAC typically called zero-code and full-scale errors. For AC applications, slew rate and settling time may require
additional consideration.

Amplifier: Amplifier input offset voltage (V|p) is a key consideration for this design. V,g of an operational amplifier
is a typical data sheet specification, but in-circuit performance is affected by drift over temperature, the common-
mode rejection ratio (CMRR), and power-supply rejection ratio (PSRR). Consideration must be given to these
parameters. For AC operation, additional considerations must be made for slew rate and settling time. Input bias
current (l;g) is also a factor, but typically the resistor network is implemented with sufficiently small resistor values
that the effects of input bias current are negligible.

Passive: Resistor matching for the op-amp resistor network is critical for the success of this design; components
with tight tolerances must be selected. For this design, 0.1% resistor values are implemented, but this constraint
may be adjusted based on application-specific design goals. Resistor matching contributes to offset error and
gain error in this design; see Bipolar £10V Analog Output from a Unipolar Voltage Output DAC for further details.
The tolerance of the R,spand Ccopmp Stability components is not critical, and 1% components are acceptable.

9.2.1.3 Application Curves

2ns 0. 0000s _ DOrig’d E3100%
t=+8. 42ms Edge ~—_ DC 0. 00V
DCTHO D1H DC1MQ DC1MOQ
Vet -1. 8V Emn ty Emp ty Empty

f2126. 016Hz  25MS 500k points

K& 31. Full-Scale Output Waveform
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Typical Applications (continued)

Output Voltage (V)

- o ' ' ) ' ' [ ' ' ' i ' ' s |
0.00 1.25 2.50

DAC Voltage (V)

32. DC Transfer Characteristic

« . For step-by-step design procedure, circuit schematics, bill of materials, PCB files, simulation results, and test
TiPrecision results, refer to T Precision Design TIPD125, Bipolar +10V Analog Output from a Unipolar Voltage Output DAC
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9.2.2 Discrete INA + Attenuation

The OPAx180-Q1 family can be used as a high-voltage, high-impedance front-end for a precision, discrete
instrumentation amplifier with attenuation. The INA159 in & 33 provides the attenuation that allows this circuit to
simply interface with 3.3-V or 5-V analog-to-digital converters (ADCs).

— VourP
33V

———O Vour

——0 VourN

Copyright © 2017, Texas Instruments Incorporated

K& 33. Discrete INA + Attenuation for ADC With a 3.3-V Supply

9.2.3 RTD Amplifier

The OPAx180-Q1 is excellent for use in analog linearization of resistance temperature detectors (RTDs). The
circuit below (& 34) combines the precision of the OPAx180-Q1 amplifier and the precision reference of the

REF5050 to linearize a Pt100 RTD.
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l 49.1kQ — GND i
"
— GND

4,99 kQ 3
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|>~0PA2180-Q1
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105.8 kQ
NN
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Copyright © 2017, Texas Instruments Incorporated

(1) Rs provides positive-varying excitation to linearize output.

K 34. RTD Amplifier with Linearization
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