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5 Device Comparison Table

Zero-Drift Amplifier Portfolio

OFFSET VOLTAGE | OFFSET VOLTAGE DRIFT BANDWIDTH INPUT VOLTAGE NOISE
VERSION PRODUCT (uV, max) (UV/°C, max) (MHz) (UVpp, f = 0.1 Hz to 10 Hz)
OPA188 (4 V to 36 V) +25 +0.085 2 0.25
Single OPA333 (5 V) +10 +0.05 0.35 1.1
OPA378 (5 V) +50 +0.25 0.9 0.4
OPAT735 (12 V) +5 +0.05 1.6 2.5
OPA2188 (4 V to 36 V) +25 +0.085 2 0.25
oual OPA2333 (5 V) +10 +0.05 0.35 1.1
OPA2378 (5 V) +50 +0.25 0.9 0.4
OPA2735 (12 V) +5 +0.05 1.6 2.5
OPA4188 (4 V to 36 V) +25 +0.085 2 0.25
Quad OPA4330 (5 V) +50 +0.25 0.35 1.1

6 Pin Configuration and Functions

D and DGK Packages
8-Pin SOIC and 8-Pin VSSOP

DBV Package

Top View 5-Pin SQT-23
Top View
(o]
NC™ | 1 8 | NC o
] o] our[7] o
w 7] ]
7]
IN [ 3 6 | OUT
B o] w[3] ]
v- 4] 5 | no
(1) NC = no connection.
Pin Functions
PIN
110 DESCRIPTION
NAME D, DGK DBV
+IN 3 3 | Noninverting input
—IN 2 | Inverting input
ouT 6 O Output
NC 1,5,8 — — No internal connection (can be left floating)
V+ 7 — Positive (highest) power supply
V- 4 2 — Negative (lowest) power supply

Copyright © 2013-2016, Texas Instruments Incorporated
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7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
Split supply +20
Supply -
Single supply 40
Voltage \
. . (o (V-)-0.5 (V+) + 0.5
Signal input pins® . -
Differential +0.7
Signal input pins® +10
Current 9 PUtp — - mA
Output short-circuit® Continuous
Operating™®, T -55 150
Temperature Junction, Ty 150 °C
Storage, Tsyg -65 150
(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, V-, or V+.
(4) Provided device does not exceed maximum junction temperature (T;) at any time.
7.2 ESD Ratings
VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +1500
V(Esp) Electrostatic discharge - — 2 \%
Charged-device model (CDM), per JEDEC specification JESD22-C101®@ +1000
(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.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Split suppl +2 +18
Vs Operating voltage range p PPy \%
Single supply 4 36
Ta Specified temperature range -40 125 °C
7.4 Thermal Information
OPA188
THERMAL METRIC® D (SO) DBV (SOT23) | DGK (MSOP) UNIT
8 PINS 5 PINS 8 PINS

Roia Junction-to-ambient thermal resistance 122.0 158.8 180.4 °C/W
Rojctop) Junction-to-case (top) thermal resistance 68.5 60.7 67.9 °C/W
Ross Junction-to-board thermal resistance 63.5 44.8 102.1 °C/W
Wit Junction-to-top characterization parameter 13.7 1.6 10.4 °C/W
ViR Junction-to-board characterization parameter 62.8 44.2 100.3 °C/W
Roc(bot) 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 Semiconductor and IC Package Thermal Metrics application

report, SPRA953.

Copyright © 2013-2016, Texas Instruments Incorporated
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7.5 Electrical Characteristics: High-Voltage Operation
at T, = +25°C, Vs = +4 V to +18 V (Vs = 8 V 10 36 V), R, = 10 kQ connected to Vg / 2M, and Ve = Vour = Vs / 2@ (unless

otherwise noted)

PARAMETER CONDITIONS MIN TYP MAX | UNIT
OFFSET VOLTAGE
+6 +25 ny
Vos Input offset voltage
Ta =—-40°C to +125°C +0.03 +0.085 pv/°C
PSRR Power-supply rejection ratio Vs=4V1to 36V, Ty =-40°C to +125°C +0.075 +0.3 uviv
Long-term stability? 4 ny;
INPUT BIAS CURRENT
) Vem = Vs /2 +160 +1400 pA
I Input bias current
Ta =-40°C to +125°C +18 nA
+320 +2800 pA
los Input offset current
Ta =-40°C to +125°C +6 nA
NOISE
. f=0.1Hzto 10 Hz 250 nVpp
e, Input voltage noise
f=0.1Hzto 10 Hz 40 nVrms
Input voltage noise density f=1kHz 8.8 nViHz
in Input current noise density f=1kHz 7 fANHZ
INPUT VOLTAGE RANGE
Vewm Common-mode voltage range Ta =—-40°C to +125°C V- (V+)-15 \%
(V=) < Vep < (V#) =15V 120 134 dB
(V=) +05V<Vey<(V+) =15V,
CMRR Common-mode rejection ratio Vs =+18V 130 146 ds
(V=) +0.5V <Vey<(V+)-15V,
Vs = +18 V, Tp = ~40°C t0 +125°C 120 126 ds
INPUT IMPEDANCE
Zp Differential 100 || 6 MQ || pF
Zic Common-mode 6] 9.5 102 Q || pF
OPEN-LOOP GAIN
(V=) + 0.5V < Vo< (V+)—0.5V 130 136 dB
AoL Open-loop voltage gain (V=) + 0.5V < Vg < (V4) —0.5V,
T = —40°C to +125°C 120 126 dB
FREQUENCY RESPONSE
GBW Gain-bandwidth product 2 MHz
SR Slew rate G=+1 0.8 Vius
o 0.1% Vs =18V, G =1, 10-V step 20 us
ts Settling time
0.01% Vg =#18V, G =1, 10-V step 27 us
tor Overload recovery time ViN X G =Vsg 1 us
THD+N Total harmonic distortion + noise 1kHz, G =1, Vour =1Vrms 0.0001%
OUTPUT
No load 6 15 mV
Voltage output swing from rail R. =10 kQ 220 250 mvV
Ta =—-40°C to +125°C 310 350 mV
L Sinking -18 mA
Isc Short-circuit current -
Sourcing 16 mA
Ro Open-loop output resistance f=1MHz,1o=0 120 Q
CLoap Capacitive load drive 1 nF
POWER SUPPLY
. B Vs =14 Vto Vg =+18V 450 510 pA
lo Quiescent current (per amplifier)
lo =0 mA, T =-40°C to +125°C 600 HA

(1) Vs/2 = midsupply.

(2) 1000-hour life test at 125°C demonstrated randomly distributed variation in the range of measurement limits—approximately 4 pV.

Copyright © 2013-2016, Texas Instruments Incorporated



http://www.ti.com.cn/product/cn/opa188?qgpn=opa188
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
OPA188

ZHCSB21B —MARCH 2013—-REVISED SEPTEMBER 2016 www.ti.com.cn

7.6 Electrical Characteristics: Low-Voltage Operation

atT,=25°C,Vg=+2Vto<+4V (Vs =4 Vto<8V), R =10kQ connected to Vs / 2®, and Vy = Vour = Vs 1 20 (unless
otherwise noted)

PARAMETER \ CONDITIONS | MIN TYP MAX|  uNIT
OFFSET VOLTAGE
Vos Input offset voltage =0 25 Lad
Ta =—-40°C to +125°C +0.03 +0.085 uv/°C
PSRR Power-supply rejection ratio ¥i j :%}g ?g +Vl‘25L,C 0.075 0.3 uviv
Long-term stability® 4 ny;
INPUT BIAS CURRENT
Ig Input bias current +160 +1400 pA
Ta =—-40°C to +125°C +18 nA
+320 +2800 pA
los Input offset current
Ta =-40°C to +125°C +6 nA
NOISE
. f=0.1Hzto 10 Hz 250 nVep
e, Input voltage noise
f=0.1Hzto 10 Hz 40 nvrms
Input voltage noise density f=1kHz 8.8 nVAHz
in Input current noise density f=1kHz 7 fANHZ
INPUT VOLTAGE RANGE
Vewm Common-mode voltage range Ta =—-40°C to +125°C V— (V+)-15 \%
(V=) < Vem < (VH) =15V 106 114 dB
CMRR Common-mode rejection ratio S/S l;z()\? V< Vous (V) -Le V. 114 120 ds
A IR o
INPUT IMPEDANCE
Zp Differential 100 || 6 MQ || pF
Zc Common-mode 6119.5 1022 Q|| pF
OPEN-LOOP GAIN
f?VL_i ; 35 V <Vg< (V+)-05V, 110 120 dB
AoL Open-loop voltage gain (V=) +05V<Vo<(V+)-05V 120 130 dB
0 R Ves 0%V ds
FREQUENCY RESPONSE
GBW Gain-bandwidth product 2 MHz
SR Slew rate G=+1 0.8 V/us
tor Overload recovery time Vin X G = Vg 1 us
THD+N Total harmonic distortion + noise 1kHz, G =1, Vour =1Vrms 0.0001%
OUTPUT
No load 6 15 mV
Voltage output swing from rail R, =10 kQ 220 250 mV
Ta =-40°C to +125°C 310 350 mV
Sinking -18 mA
Isc Short-circuit current -
Sourcing 16 mA
Ro Open-loop output resistance f=1MHz,1o=0 120 Q
CLoap Capacitive load drive 1 nF
POWER SUPPLY
Vg=#2VtoVg=#4V 425 485 pA
lo Quiescent current (per amplifier)
lo =0 mA, Tp = —40°C to +125°C 575 pA

(1) Vs/2 = midsupply.
(2) 1000-hour life test at 125°C demonstrated randomly distributed variation in the range of measurement limits—approximately 4 pV.

6 Copyright © 2013-2016, Texas Instruments Incorporated
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7.7 Typical Characteristics

F 1. Typical Characteristic Graphs

DESCRIPTION FIGURE

Offset Voltage Production Distribution 1
Offset Voltage Drift Distribution 2
Offset Voltage vs Temperature 3
Offset Voltage vs Common-Mode Voltage B4, B85
Offset Voltage vs Power Supply 6
Open-Loop Gain and Phase vs Frequency 7
Closed-Loop Gain vs Frequency 8

Ig and lps vs Common-Mode Voltage 9
Input Bias Current vs Temperature 10
Output Voltage Swing vs Output Current (Maximum Supply) 11
CMRR and PSRR vs Frequency (Referred-to-Input) 12
CMRR vs Temperature 13, ® 14
PSRR vs Temperature 15
0.1-Hz to 10-Hz Noise 16
Input Voltage Noise Spectral Density vs Frequency 17
THD+N Ratio vs Frequency 18
THD+N vs Output Amplitude 19
Quiescent Current vs Supply Voltage 20
Quiescent Current vs Temperature 21
Open-Loop Gain vs Temperature 22
Open-Loop Output Impedance vs Frequency 23
Small-Signal Overshoot vs Capacitive Load (100-mV Output Step) 24, 8 25
No Phase Reversal 26
Positive Overload Recovery 27
Negative Overload Recovery 28
Small-Signal Step Response (100 mV) 29, B 30
Large-Signal Step Response 31, B 32
Large-Signal Settling Time (10-V Positive Step) 33
Large-Signal Settling Time (10-V Negative Step) 34
Short-Circuit Current vs Temperature 35
Maximum Qutput Voltage vs Frequency 36
EMIRR IN+ vs Frequency 37

MR © 2013-2016, Texas Instruments Incorporated
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at Vg =+18 V, Vo = Vs / 2, R pap = 10 kQ connected to Vg / 2, and C, = 100 pF (unless otherwise noted)
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at Vg =+18 V, Vo = Vs / 2, R oap = 10 kQ connected to Vg / 2, and C, = 100 pF (unless otherwise noted)
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Frequency (Hz)
7. Open-Loop Gain and Phase vs Frequency 8. Closed-Loop Gain vs Frequency
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at Vg =+18 V, Vo = Vs / 2, R oap = 10 kQ connected to Vg / 2, and C, = 100 pF (unless otherwise noted)

40 8
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at Vg =+18 V, Vo = Vs / 2, R oap = 10 kQ connected to Vg / 2, and C, = 100 pF (unless otherwise noted)
0.1 -60 0.5
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2 ) 0.46
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pl i S 0.44
S q 2
b =} —. 042
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at Vg =+18 V, Vo = Vs / 2, R oap = 10 kQ connected to Vg / 2, and C, = 100 pF (unless otherwise noted)
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at Vg =+18 V, Vo = Vs / 2, R oap = 10 kQ connected to Vg / 2, and C, = 100 pF (unless otherwise noted)
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at Vg =+18 V, Vo = Vs / 2, R oap = 10 kQ connected to Vg / 2, and C, = 100 pF (unless otherwise noted)
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37. EMIRR IN+ vs Frequency
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8 Detailed Description

8.1 Overview

The OPA188 operational amplifier combines precision offset and drift with excellent overall performance, making
the device ideal for many precision applications. The precision offset drift of only 0.085 uV/°C provides stability
over the entire temperature range. In addition, this device offers 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-puF capacitors are adequate.

The OPA188 is part of a family of zero-drift, low-power, rail-to-rail output operational amplifiers. These devices
operate from 4 V to 36 V, are unity-gain stable, and are suitable for a wide range of general-purpose
applications. The zero-drift architecture provides ultralow input offset voltage and near-zero input offset voltage
drift over temperature and time. This choice of architecture also offers outstanding ac performance, such as
ultralow broadband noise and zero flicker noise.

8.2 Functional Block Diagram

& 38 shows a representation of the proprietary OPA188 architecture. ¥ 2 contains both the active and passive
component count for this device. The component count allows for accurate reliability calculations.
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38. Functional Block Diagram

# 2. Component Count

COMPONENT COUNT
Transistors 636
Diodes 5
Resistors 41
Capacitors 72
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8.3 Feature Description

The OPA188 is unity-gain stable and free from unexpected output phase reversal. This device uses a
proprietary, periodic autocalibration technique to provide low input offset voltage and very low input offset voltage
drift over temp and temperature. For lowest offset voltage and precision performance, optimize circuit layout and
mechanical conditions. Avoid temperature gradients that create thermoelectric (Seebeck) effects in the
thermocouple junctions formed from connecting dissimilar conductors. Cancel these thermally-generated
potentials by making sure they are equal on both input pins. Other layout and design considerations include:

» Use low thermoelectric-coefficient conditions (avoid dissimilar metals).

» Thermally isolate components from power supplies or other heat sources.

« Shield operational amplifier and input circuitry from air currents, such as cooling fans.

Follow these guidelines in order to reduce the likelihood of junctions being at different temperatures, which may
cause thermoelectric voltages of 0.1 pV/°C or higher, depending on the materials used.

8.3.1 Operating Characteristics

The OPA188 is specified for operation from 4 V to 36 V (£2 V to +18 V). Many 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 section.

8.3.2 Phase-Reversal Protection

The OPA188 has an internal phase-reversal protection. Many op amps exhibit a phase reversal when the input is
driven beyond its 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 OPA188 input prevents phase reversal with excessive common-mode voltage. Instead, the
output limits into the appropriate rail. This performance is shown in & 39.

"] sinewave
= (x185V)

5 V/div

E _VIN

E | — Vour :

Time (100 us/div)

39. No Phase Reversal

8.3.3 Input Bias Current Clock Feedthrough

Zero-drift amplifiers, such as the OPA188, use switching on their inputs to correct for the intrinsic offset and drift
of the amplifier. Charge injection from the integrated switches on the inputs can introduce very short transients in
the input bias current of the amplifier. The extremely short duration of these pulses prevents them from being
amplified, however they may be coupled to the output of the amplifier through the feedback network. The most
effective method to prevent transients in the input bias current from producing additional noise at the amplifier
output is to use a low-pass filter such as an RC network.

8.3.4 Internal Offset Correction

The OPA188 op amp uses an auto-calibration technique with a time-continuous 750-kHz op amp in the signal
path. This amplifier is zero-corrected every 3 us using a proprietary technique. Upon power-up, the amplifier
requires approximately 100 us to achieve the specified Vqg accuracy. This design has no aliasing or flicker noise.
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Feature Description (3T )

8.3.5 EMI Rejection

The OPA188 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 be improved with circuit design techniques; the OPA188 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. 40
shows the results of this testing on the OPA188. ¥ 3 shows the EMIRR IN+ values for the OPA188 at particular
frequencies commonly encountered in real-world applications. Applications listed in & 3 may be centered on or
operated near the particular frequency shown. Detailed information can also be found in EMI Rejection Ratio of
Operational Amplifiers (SBOA128), available for download from www.ti.com.
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40. EMIRR Testing

#k 3. OPA188 EMIRR IN+ for Frequencies of Interest

FREQUENCY APPLICATION/ALLOCATION EMIRR IN+

Mobile radio, mobile satellite, space operation, weather, radar, ultra-high frequency

400 MHz (UHF) applications 62.2.dB
Global system for mobile communications (GSM) applications, radio

900 MHz communication, navigation, GPS (to 1.6 GHz), GSM, aeronautical mobile, UHF 74.7 dB
applications
GSM applications, mobile personal communications, broadband, satellite, L-band

1.8 GHz (1 GHz to 2 GH2) 100.7 dB
802.11b, 802.11g, 802.11n, Bluetooth®, mobile personal communications,

2.4 GHz industrial, scientific and medical (ISM) radio band, amateur radio and satellite, S- 102.4 dB
band (2 GHz to 4 GHz)

3.6 GHz Radiolocation, aero communication and navigation, satellite, mobile, S-band 104.8 dB
802.11a, 802.11n, aero communication and navigation, mobile communication,

5.0 GHz space and satellite operation, C-band (4 GHz to 8 GHz) 100.3 dB

8.3.6 Capacitive Load and Stability

The device dynamic characteristics are optimized for a range of common operating conditions. The combination
of low closed-loop gain and high capacitive loads decreases the amplifier phase margin and can lead to gain
peaking or oscillations. As a result, larger capacitive loads must be isolated from the output. The simplest way to
achieve this isolation is to add a small resistor (for example, Royt equal to 50 Q) in series with the output. B 41
and B 42 illustrate graphs of small-signal overshoot versus capacitive load for several values of Rgyt. Also, for
details of analysis techniques and application circuits, refer to Feedback Plots Define Op Amp AC Performance
(SBOAO015), available for download from www.ti.com,
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8.3.7 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.

Having a good understanding of this basic ESD circuitry and its relevance to an electrical overstress event is
helpful. See B 43 for an illustration of the ESD circuits contained in the OPA188 (indicated by the dashed line
area). The ESD protection circuitry involves several current-steering diodes connected from the input and output
pins and routed back to the internal power-supply lines, where the diodes meet at an absorption device internal
to the operational amplifier. This protection circuitry is intended to remain inactive during normal circuit operation.

An ESD event produces a short-duration, high-voltage pulse that is transformed into a short-duration, high-
current pulse while discharging through a semiconductor device. The ESD protection circuits are designed to
provide a current path around the operational amplifier core to prevent damage. The energy absorbed by the
protection circuitry is then dissipated as heat.

When an ESD voltage develops across two or more amplifier device pins, current flows through one or more
steering diodes. Depending on the path that the current takes, the absorption device may activate. The
absorption device has a trigger, or threshold voltage, that is above the normal operating voltage of the OPA188
but below the device breakdown voltage level. When this threshold is exceeded, the absorption device quickly
activates and clamps the voltage across the supply rails to a safe level.

When the operational amplifier connects into a circuit (such as the one 43 depicts), the ESD protection
components are intended to remain inactive and do not become involved in the application circuit operation.
However, circumstances may arise where an applied voltage exceeds the operating voltage range of a given pin.
Should this condition occur, there is a risk that some internal ESD protection circuits may be biased on, and
conduct current. Any such current flow occurs through steering-diode paths and rarely involves the absorption
device.

43 shows a specific example where the input voltage, Vi, exceeds the positive supply voltage (+Vs) by
500mV or more. Much of what happens in the circuit depends on the supply characteristics. If +Vg can sink the
current, one of the upper input steering diodes conducts and directs current to +Vg. Excessively high current
levels can flow with increasingly higher V,y. As a result, the data sheet specifications recommend that
applications limit the input current to 10 mA.

If the supply is not capable of sinking the current, V,y may begin sourcing current to the operational amplifier, and
then take over as the source of positive supply voltage. The danger in this case is that the voltage can rise to
levels that exceed the operational amplifier absolute maximum ratings.
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Another common question involves what happens to the amplifier if an input signal is applied to the input while
the power supplies +Vg or —Vg are at 0 V. Again, this question depends on the supply characteristic while at 0 V,
or at a level below the input signal amplitude. If the supplies appear as high impedance, then the operational
amplifier supply current may be supplied by the input source via the current-steering diodes. This state is not a
normal bias condition; the amplifier most likely will not operate normally. If the supplies are low impedance, then
the current through the steering diodes can become quite high. The current level depends on the ability of the
input source to deliver current, and any resistance in the input path.

If there is any uncertainty about the ability of the supply to absorb this current, external zener diodes may be
added to the supply pins, as shown in § 43. The zener voltage must be selected such that the diode does not
turn on during normal operation. However, the zener voltage should be low enough so that the zener diode
conducts if the supply pin begins to rise above the safe operating supply voltage level.

(2)
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RF ]—
VW —
+C,
t Vs — ‘
V+
. QY e :
' . . oPA188 !
: & — .
1
R , 1
: —IN: % + \ ESD Current- :
- Steering Diodes| 1
_,__\W(3) T ? Op Amp o 9 1, 0UT
- N +IN,'\ Core 1
— i +/ Edge-Triggered ESD | 1
|D$ 1 ? Absorption Circuit ! R
1
+ H . J i

TvsP—=

Copyright © 2016, Texas Instruments Incorporated
(1) V|N = +VS + 500 mV.
(2) TVS: +Vs(max) > VTvseR (min) > +Vs.
(3) Suggested value is approximately 1 kQ.

43. Equivalent Internal ESD Circuitry Relative to a Typical Circuit Application

The OPA188 input terminals are protected from excessive differential voltage with back-to-back diodes, as
shown in B 43. In most circuit applications, the input protection circuitry has no consequence. However, in low-
gain or G = 1 circuits, fast-ramping input signals can forward-bias these diodes because the output of the
amplifier cannot respond rapidly enough to the input ramp. If the input signal is fast enough to create this
forward-bias condition, the input signal current must be limited to 10 mA or less. If the input signal current is not
inherently limited, an input series resistor can be used to limit the signal input current. This input series resistor
degrades the low-noise performance of the OPA188. B 43 shows an example configuration that implements a
current-limiting feedback resistor.

8.4 Device Functional Modes

The OPA188 has a single functional mode, and is operational when the power-supply voltage is greater than 4.5
V (£2.25 V). The maximum power supply voltage for the OPA188 is 36 V (x18 V).
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9 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.

9.1 Application Information

The OPA188 operational amplifier combines precision offset and drift with excellent overall performance, making
it ideal for many precision applications. The precision offset drift of only 0.085 pV/°C provides stability over the
entire temperature range. In addition, the device pairs excellent CMRR, PSRR, and Ag_ dc performance with
outstanding low-noise operation. 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-uF capacitors are adequate.

The following application examples highlight only a few of the circuits where the OPA188 can be used.

9.2 Typical Applications

9.2.1 High-Side Voltage-to-Current (V-I) Converter

The circuit shown in 44 is a high-side voltage-to-current (V-I) converter. The converter translates an input
voltage of 0 V to 2 V into an output current of 0 mA to 100 mA. B 45 shows the measured transfer function for
this circuit. The low offset voltage and offset drift of the OPA2188 facilitate excellent dc accuracy for the circuit.

V+
Rs2 | Rs3 |
4700 l Rez 470 l e
Rs
Vgs2 1 10 kQ 0—O VRs3
c NN
2200 pF
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330Q
'_
e - Q2
—
Rs —
2000 |4 O
'_
Cs
1000 pF
-
V|N _ Rz
10Q
VW O Ve ¢ Voo
RSI
2kQ l Irs1 Ruono l lLoap

Copyright © 2016, Texas Instruments Incorporated

44, High-Side Voltage-to-Current (V-I) Converter

9.2.1.1 Design Requirements
The design requirements are:
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Typical Applications (T R)

» Supply voltage: 5V dc
 Input:0Vto2Vdc
e Output: 0 mA to 100 mA dc

9.2.1.2 Detailed Design Procedure

The V-I transfer function of the circuit is based on the relationship between the input voltage, V\y, and the three
current sensing resistors, Rgj, Rs,, and Rgz. The relationship between V,y and Rg; determines the current that
flows through the first stage of the design. The current gain from the first stage to the second stage is based on
the relationship between Rg, and Rgs.

For a successful design, pay close attention to the dc characteristics of the operational amplifier chosen for the
application. To meet the performance goals, this application benefits from an operational amplifier with low offset
voltage, low temperature drift, and rail-to-rail output. The OPA188 CMOS operational amplifier is a high-
precision, ultralow offset, ultralow drift amplifier, optimized for low-voltage, single-supply operation, with an output
swing to within 15 mV of the positive rail. The OPA188 family uses chopping techniques to provide low initial
offset voltage and near-zero drift over time and temperature. Low offset voltage and low drift reduce the offset
error in the system, making this device appropriate for precise dc control. The rail-to-rail output stage of the
OPA188 makes sure that the output swing of the operational amplifier is able to fully control the gate of the
MOSFET devices within the supply rails.

A detailed error analysis, design procedure, and additional measured results are given in reference design
TIPD102, a step-by-step process to design a High-Side Voltage-to-Current (V-1) Converter.

« . For step-by-step design procedure, circuit schematics, bill of materials, PCB files, simulation results, and test
TI PI’GCISIOI'I results, refer to Tl Precision Design TIPD102, High-Side Voltage-to-Current (V-1) Converter (SLAU502).

9.2.1.3 Application Curves

& 45 shows the measured transfer function for the high-side voltage-to-current converter shown in & 44 .
0.1

—— Load

0.075

Output Current (A
o
o
()]

0.025

0 0.5 1 1.5 2
Input Voltage (V)

45. Measured Transfer Function for High-Side V-1 Converter

9.2.2 Discrete INA + Attenuation for ADC With 3.3-V Supply

x
The TINA-TI files shown in the following sections require that either the TINA software
(from DesignSoft™) or TINA-TI software be installed. Download the free TINA-TI software
from the TINA-TI folder.
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B 46 shows an example of how the OPA188 is used as a high-voltage, high-impedance front-end for a
precision, discreet instrumentation amplifier with attenuation. The INA159 provides the attenuation that allows
this circuit to easily interface with 3.3-V or 5-V analog-to-digital converters (ADCs). Click the following link
download the TINA-TI file: Discrete INA.

OPA188 ——0O VourN
+

15V
(l) VOUT = VDIFF X (41 / 5) + (Ref 1) /2.
46. Discrete INA + Attenuation for ADC With 3.3-V Supply

9.2.3 Bridge Amplifier

47 shows the basic configuration for a bridge amplifier. Click the following link to download the TINA-TI file:
Bridge Amplifier Circuit.

15V
R1
15V
R R
R R OPA188 Vour
+
L 3
AV 0 Vier

Copyright © 2016, Texas Instruments Incorporated

47. Bridge Amplifier

9.2.4 Low-Side Current Monitor

48 shows the OPA188 configured in a low-side current-sensing application. The load current (I oap) Creates a
voltage drop across the shunt resistor (Rsyynt)- This voltage is amplified by the OPA188, with a gain of 201. The
load current is set from 0 A to 500 mA, which corresponds to an output voltage range from 0 V to 10 V. The
output range can be adjusted by changing the shunt resistor or gain of the configuration. Click the following link
to download the TINA-TI file: Current-Sensing Circuit.
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o
Load
15 Vv
+ Vour = lLoap * Rsrunt(1 + Re/ Rin)
OPA188 —O Vour
R — —
| SHUNT Vout / lioap= 1V /49.75 mA
LoD § 100 mQ
- Rin Re
- 100 Q 20 kQ
Cr
|
I
]bSFO Copyright © 2016, Texas Instruments Incorporated

48. Low-Side Current Monitor

9.2.5 Programmable Power Supply

49 shows the OPA188 configured as a precision programmable power supply using the 16-bit, voltage output
DAC8581 and the OPA548 high-current amplifier. This application amplifies the digital-to-analog converter (DAC)
voltage by a value of five, and handles a large variety of capacitive and current loads. The OPA188 in the front-
end provides precision and low drift across a wide range of inputs and conditions. Click the following link to
download the TINA-TI file: Programmable Power-Supply Circuit.

C,
150pF
|
R, I
10kQ
ENV ‘ ANV
-_ Rz
C
% 1KQ  500nF
|
I
15V
— OPA548 ——O Vour Vour = * 25V
OPA188
DAC8581 + @)
-30vV
Input = + 5V sy

49. Programmable Power Supply
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9.2.6 RTD Amplifier With Linearization

See Analog Linearization Of Resistance Temperature Detectors (SLYT442), for an in-depth analysis of & 50.
Click the following link to download the TINA-TI file: RTD Amplifier with Linearization.
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-
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4.99 kQ
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Pt100

R>
49.1 kQ

=

REF5050

Rs
60.4 kQ

VWA

OPA188

| +
Rs
105.8 kQ®

VWA

1kQ

O Vour

[N
o
<

0C=0V
200C =5V

Copyright © 2016, Texas Instruments Incorporated

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

50. RTD Amplifier With Linearization
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10 Power Supply Recommendations

The OPA188 is specified for operation from 4 V to 36 V (£2 V to +18 V); many specifications apply from —40°C to
+125°C. The Typical Characteristics presents parameters that can exhibit significant variance with regard to
operating voltage or temperature.

CAUTION

Supply voltages larger than 40 V can permanently damage the device (see the
Absolute Maximum Ratings).

Place 0.1-uF bypass capacitors close to the power-supply pins to reduce errors coupling in from noisy or high-
impedance power supplies. For more detailed information on bypass capacitor placement, see the Layout
section.
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11 Layout

11.1 Layout Guidelines

For best operational performance of the device, use good printed circuit board (PCB) layout practices, including:

e Low-ESR, 0.1-yF ceramic bypass capacitors should be connected between each supply pin and ground,
placed as close to the device as possible. A single bypass capacitor from V+ to ground is applicable to single-

supply applications.

» In order to reduce parasitic coupling, run the input traces as far away from the supply lines as possible.
» A ground plane helps distribute heat and reduces EMI noise pickup.
» Place the external components as close to the device as possible. This configuration prevents parasitic errors
(such as the Seebeck effect) from occurring.
» Consider a driven, low-impedance guard ring around the critical traces. A guard ring can significantly reduce
leakage currents from nearby traces that are at different potentials.

11.2 Layout Example

VIN—— +
RG VOUT

RF

(Schematic Representation)

Place components
Run the input traces ~ close to device and to
each other to reduce
parasitic errors

as far away from
the supply lines
as possible

Use low-ESR,
ceramic bypass
capacitor

VS-

VS+
RF |
|
| N/C
| F—————
|
| — .
I | v+ S O GND
| Lol 1
- ——————— out vout
|
: N/C Use low-ESR, cgramic
| bypass capacitor
|
|

Ground (GND) plane on another layer

Copyright © 2016, Texas Instruments Incorporated

51. Layout Example
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12.4 #EXBEE

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective

contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.
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E2E is a trademark of Texas Instruments.

TINA-TI is a trademark of Texas Instruments, Inc and DesignSoft, Inc.
Bluetooth is a registered trademark of Bluetooth SIG, Inc.

DesignSoft, TINA are trademarks of DesignSoft, Inc.

All other trademarks are the property of their respective owners.
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12.7 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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PACKAGING INFORMATION

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)

OPA188AID ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 OPA188 Samples
& no Sh/Br) =

OPA188AIDBVR ACTIVE SOT-23 DBV 5 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 QXz Samples
& no Sh/Br) =

OPA188AIDBVT ACTIVE SOT-23 DBV 5 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 QXz Samples

& no Sh/Br)
OPA188AIDGKR ACTIVE VSSOP DGK 8 2500 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 QXX

& no Sh/Br) —

OPA188AIDGKT ACTIVE VSSOP DGK 8 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 QXX Eamnles
& no Sh/Br) —

OPA188AIDR ACTIVE SOIC D 8 2500 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 OPA188 Samples
& no Sh/Br) =

@ 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

@ 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 a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.
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© | ead/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 Tl'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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
7'} |¢ KO
i |
& go W
Reel — ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QrSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
OPA188AIDBVR SOT-23 | DBV 5 3000 180.0 8.4 323 | 317 | 1.37 | 4.0 8.0 Q3
OPA188AIDBVT SOT-23 | DBV 5 250 180.0 8.4 323 | 317 | 1.37 | 4.0 8.0 Q3
OPA188AIDGKR VSSOP DGK 8 2500 330.0 12.4 5.3 34 1.4 8.0 12.0 Q1
OPA188AIDGKT VSSOP DGK 8 250 177.8 12.4 53 34 1.4 8.0 12.0 Q1
OPA188AIDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\‘ /}#\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
OPA188AIDBVR SOT-23 DBV 5 3000 202.0 201.0 28.0
OPA188AIDBVT SOT-23 DBV 5 250 202.0 201.0 28.0
OPA188AIDGKR VSSOP DGK 8 2500 358.0 335.0 35.0
OPA188AIDGKT VSSOP DGK 8 250 202.0 201.0 28.0
OPA188AIDR SOIC D 8 2500 367.0 367.0 35.0
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MECHANICAL DATA

D (R—PDSO—G8)

PLASTIC SMALL QUTLINE

0.197 (5,00)
‘ 0.189 (4,80) ’
A
8 5
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\
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[]0.004 (0,10)

/

-

0.050 (
0016

Gauge Plane i [:i
0.010 (0,25) L7

?

Seating Plane

4040047-3/M 06 /11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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LAND PATTERN DATA

D (R—PDSO-G8)

PLASTIC SMALL OUTLINE

EXGmpl?NE?:r((j;)LOYOUt Sten(ﬂlogp%rsings
6x1.07 —— ~=—8x0,55
— —=— 0X]1,
|| ! = 1,27
HH--H 8x1,50 —-H-H-H
EEEREEN 1 * Egug r
5,40 5,40
AR J
gnlinknin (L
BNEpEyEEN O
|~
|
]
|
i Example
i Non Soldermask Defined Pad Example
Pad Geometry
(See Note C)
\ Example
* / Solder Mask Opening
! (See Note E)
—=1Il=—0,07 /
Al Around /
\ /
N e
\\_\\ ——/—_/
4211283-2/E 08/12

NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA

DBV (R—PDS0O—G5)

PLASTIC SMALL—OUTLINE PACKAGE

Pin 1
Index Area
(Optional)

0,50

s
H

— 1,45 MAX

4—

T

3,05
2,75

—

[

il

[$]0.20 @]

Seating Plane

1

4073253-4/N 12/14

NOTES:

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.
Falls within JEDEC MO-178 Variation AA.
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LAND PATTERN DATA

DBV (R—PDSO-G5) PLASTIC SMALL OUTLINE

Example Board Layout Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).

- 1,90 —~ | 1.90
— mfo—————r ————— 4 —
I loss
I 2.7 2.7
e "
; N
/ \\
e S O R
\ /
\. "L// l— 0,95 — - 095

’ \

/ ‘__/T/'So\der Mask Opening

/ 1,05 \
\ | ————— Pad Geometry

\ /
\ 0,07 — L— /

’

N Al Around //

4209593-3/C 08/11

NOTES: A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

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

E

Publication IPC—=7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Example stencil design based on a 50% volumetric
metal load solder paste. Refer to IPC=7525 for other stencil recommendations.
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MECHANICAL DATA

DGK (S—PDSO-G8) PLASTIC SMALL—OUTLINE PACKAGE
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NOTES: A All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.15 per end.
b Body width does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

E.  Falls within JEDEC MO—-187 variation AA, except interlead flash.
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LAND PATTERN DATA

DGK (S—PDSO-G8) PLASTIC SMALL OUTLINE PACKAGE
Example Board Layout Example Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).
(See Note D)
|—-—|—(O,65)TYP. 8X(0,45) _—| |<_ |———|—(O,65}TYP.
_4_
5|—-——— - 8X(1,45) —— [
4
PEG (4,4) PEG (4,4)
(! o
/I 7 PKG PKG
: ¢ ¢
/I Example
b Non Soldermask Defined Pad
/ /// - Example '
N ERE
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\ * \:\F(’ad Geometrgl
! See Note C
Y - (0,05)
\ | All Around ///
N /
N -
S—-- 4221236/A 11/13

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

NOTES:
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