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4 Pin Configuration and Functions
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4-1. OPA134: D Package, 8-Pin SOIC, and P Package, 8-Pin PDIP (Top View)

Pin Functions: OPA134

TRE PIN o) TYPE DESCRIPTION
+IN Input Noninverting input

—-IN 2 Input Inverting input

NC 1,5 — Do not connect these pins(!)

NC 8 — No internal connection. Float this pin.

Output 6 Output Output

V+ 7 Power Positive power supply

V- 4 Power Negative power supply

(1) Existing layouts for the OPA134 before revision B of this data sheet do not need to be redesigned.

r )
O
outa (|-t s | v+
-NA (]2 7-|_] outs
+NA [ ]-3 6-|_] -INB
v- (] 4 5- ] +NB
. J
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4-2. OPA2134: D Package, 8-Pin SOIC, and P Package, 8-Pin PDIP (Top View)

R 4-1. Pin Functions: OPA2134

PIN TYPE DESCRIPTION
NAME NO.
+IN A 3 Input Noninverting input, channel A
+IN B 5 Input Noninverting input, channel B
—-IN A 2 Input Inverting input, channel A
-INB 6 Input Inverting input, channel B
OUT A 1 Output Output, channel A
OouTB 7 Output Output, channel B
V+ 8 Power Positive (highest) power supply
V- 4 Power Negative (lowest) power supply
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4-3. OPA4134: D Package, 14-Pin SOIC (Top View)

R 4-2. Pin Functions: OPA4134

e PIN o) TYPE DESCRIPTION
+IN A 3 Input Noninverting input, channel A
+IN B 5 Input Noninverting input, channel B
+IN C 10 Input Noninverting input, channel C
+IN D 12 Input Noninverting input, channel D
—-INA 2 Input Inverting input, channel A
-INB 6 Input Inverting input, channel B
-INC 9 Input Inverting input, channel C
-IND 13 Input Inverting input, channel D

OUT A 1 Output Output, channel A

ouTB 7 Output Output, channel B

ouTC Output QOutput, channel C

OouUTD 14 Output Output, channel D

V+ Power Positive (highest) power supply
V- 11 Power Negative (lowest) power supply
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5 Specifications

5.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
Vs Supply voltage, (V+) — (V=) ‘ Single supply 36 \%
Input voltage(? (V=)-05 (V+)+05 \Y
Input current(2) 10 mA
Isc Output short-circuit® Continuous
Ta Operating temperature -40 125 °C
T, Junction temperature 150 °C
Tstg Storage temperature -55 125 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

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

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

5.2 ESD Ratings

\ VALUE \ UNIT

OPA134 in SOIC and PDIP Packages, and OPA2134 in PDIP Package
Vesp) \ Electrostatic discharge Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(1) \ +2000 \ v
OPA2134 in SOIC Package

o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000
V(Esp) Electrostatic discharge - —— \%
Charged-device model (CDM), per JEDEC specification JESD22-C101(2) +500

OPA4134 in SOIC Package

v Electrostatic discharge Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(1) +2000 v
(E<D) Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22-C101(2) +200
(1) JEDEC document JEP155 states that 500V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250V CDM allows safe manufacturing with a standard ESD control process.
5.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Dual supply 2.5 15 +18
Vs Supply voltage, (V+) — (V=) - \%
Single supply 5 30 36
Ta Ambient temperature —40 +85 °C
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5.4 Thermal Information - OPA134

OPA134
THERMAL METRIC(") D (SOIC) P (PDIP) UNIT
8 PINS 8 PINS
Rga Junction-to-ambient thermal resistance 160 73 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 75 50 °C/W
Ress Junction-to-board thermal resistance 60 36 °C/W
Wyr Junction-to-top characterization parameter 9 17 °C/W
Y Junction-to-board characterization parameter 50 35 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance 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.

5.5 Thermal Information - OPA2134

OPA2134
THERMAL METRIC(") D (SOIC) P (PDIP) UNIT
8 PINS 8 PINS
Rgua Junction-to-ambient thermal resistance 160 7 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 75 50 °C/W
Rays Junction-to-board thermal resistance 60 36 °C/W
Wr Junction-to-top characterization parameter 9 16 °C/W
Y5 Junction-to-board characterization parameter 50 35 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance 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.

5.6 Thermal Information - OPA4134

OPA4132
THERMAL METRIC(") D (SOIC) UNIT

14 PINS
Rgya Junction-to-ambient thermal resistance 97 °C/W
Rauctop) Junction-to-case (top) thermal resistance 56 °C/W
Rgys Junction-to-board thermal resistance 53 °C/W
YT Junction-to-top characterization parameter 19 °C/W
Y5 Junction-to-board characterization parameter 46 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance N/A °C/W

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

at Ta = 25°C, Vg = £15V, R = 2kQ connected to midsupply, and Vg = Vout = midsupply (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX‘ UNIT
AUDIO PERFORMANCE
THD+N ToFaI harmonic distortion plus f= 1_kHz, G=1, R_ =2kQ 0.00008 %
noise Vo = 3Vims R, = 600Q 0.00015
Intermodulation distortion f=1kHz, G=1, Vo =1Vpp -98 dB
Headroom(") THD < 0.01%, R_ = 2kQ, Vg = 18V 213 dBu
FREQUENCY RESPONSE
GBW Gain bandwidth product 8 MHz
SR Slew rate(® +20 V/us
= 0.1% 0.7
Settling time 2)?_V=S1t88pg 1 001% y us
FPBW  |Full power bandwidth 1.3 MHz
Overload recovery time ViNx G =Vsg 0.6 us
NOISE
Input voltage noise f = 20Hz to 20kHz 1.2 MVims
en Input voltage noise density f=1kHz nV/NHz
In Input current noise density f=1kHz fANHZ
OFFSET VOLTAGE
Vos Input offset voltage il *35 mvV
Ta =-40°C to +85°C +1
dVps/dT |Input offset voltage drift Ta =—-40°C to +85°C +2 uv/eC
PSRR Power-supply rejection ratio 5V Vg <36V 90 106 dB
DC, R = 2kQ 128
Channel separation (dual, quad) dB
f = 20kHz, R = 2kQ 126
INPUT BIAS CURRENT
15 +100 pA
I Input bias current® Tr = 40°C to +85°C See JE\,/VH +5 A
5.8
los Input offset current(®) +2 £50| pA
INPUT VOLTAGE
Vem Common-mode voltage (V-)+25 +13 (V+)-3.5 \Y
CMRR |Common-mode rejection ratio -12.5V £ Vgy £ 11.5V 86 100 dB
TA =-40°C to +85°C 90
INPUT IMPEDANCE
Differential 1013 8 Q|| pF
Common-mode —12.5V < Vg < 11.5V 10"3 || 6 Q|| pF
OPEN-LOOP GAIN
R = 10kQ, -14.5V < V5 < 13.8V 104 120
AoL Open-loop voltage gain dB
Rp =2kQ, -13.8V £ Vo < 13.5V 104 120
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5.7 Electrical Characteristics (f7X)
at Ty = 25°C, Vg = £15V, R = 2kQ connected to midsupply, and Ve = Vout = midsupply (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX‘ UNIT
OUTPUT
Positive (V+)-1.2
Ry =10kQ
Negative (V-)+0.5
Vo Voltage output — \Y
Positive (V+)-1.5
R = 2kQ
Negative (V=)+1.2
Sourcing 36
Isc Short-circuit current mA
Sinking -30
) Closed-loop® 0.01
Zo Output impedance f=10kHz Q
Open-loop 10
Capacitive load drive Stable operation See Typical Characteristics
POWER SUPPLY
la Quiescent current (per amplifier) |lo = 0mA 4 5 mA

(1) dBu =20 xlog (Vims / 0.7746) where Vs is the maximum output voltage for which THD+Noise is less than 0.01%. See Total
Harmonic Distortion.

(2) Proposed by design.

(3) High-speed test at T; = 25°C.

(4) See Closed-Loop Output Impedance vs Frequency in Typical Characteristics.
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5.8 Typical Characteristics

at Tp = 25°C, Vg = +15V, R = 2kQ connected to midsupply, and V¢epm = Voyt = midsupply (unless otherwise noted)

Frequency (Hz)

0.1 5 T
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= - B
. 7 = R -
0.01 600Q U A =
S
& i _
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1T Vq = 3Vrms 0.001 1] RN
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5-1. Total Harmonic Distortion + Noise vs Frequency

Output Amplitude (Vpp)

5-2. SMPTE Intermodulation Distortion vs Output Amplitude
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5-3. Total Harmonic Distortion + Noise vs Frequency

Output Amplitude (Vrms)

5-4. Headroom — Total Harmonic Distortion + Noise
vs Output Amplitude
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5-5. Harmonic Distortion + Noise vs Frequency
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5-6. Voltage Noise vs Source Resistance
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5.8 Typical Characteristics (continued)

at Tp = 25°C, Vg = +15V, R| = 2kQ connected to midsupply, and V¢epm = Voyt = midsupply (unless otherwise noted)
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5-8. Input-Referred Noise Voltage vs Noise Bandwidth
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120
L
[T
100 Sy NY -PSR
= 80 N N A
g N N
x
3 o S~
. N N ™
& i ™~
o 40 +PSR N N
20 CMR 4
| |
0 |
10 100 1k 10k 100k 1M

Frequency (Hz)

5-11. Power Supply and Common-Mode Rejection vs
Frequency

160
[TT]
RL =0 |||
o 140 4
~ \\\
5 =
® T SN
g 120 - R=2kQ || TN
3 Dual and quad devices. L= ™
B -G =1, all channels.
IS Quad measured channel
& 100 [~Ato D or B to C—other
o R . X
| combinations yield improved
rejection.
80 I T
100 1k 10k 100k

Frequency (Hz)
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5.8 Typical Characteristics (continued)

at Tp = 25°C, Vg = +15V, R| = 2kQ connected to midsupply, and V¢epm = Voyt = midsupply (unless otherwise noted)
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5.8 Typical Characteristics (continued)

at Tp = 25°C, Vg = +15V, R| = 2kQ connected to midsupply, and V¢epm = Voyt = midsupply (unless otherwise noted)
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6 Detailed Description
6.1 Overview

The OPA134 series are ultra-low distortion, low-noise operational amplifiers fully specified for audio applications.
A true FET input stage is incorporated to provide unmatched sound quality and speed for exceptional audio
performance. This, in combination with high output drive capability and excellent DC performance, allows for use
in a wide variety of demanding applications. In addition, the OPA134 has a wide output swing, to within 1V of the
rails, allowing increased headroom and making this op amp an excellent choice for any audio circuit.

6.2 Feature Description
6.2.1 Total Harmonic Distortion

The OPAx134 series of operational amplifiers have excellent distortion characteristics. THD+Noise is below
0.0004% throughout the audio frequency range, 20Hz to 20kHz, with a 2kQ load. In addition, distortion remains
relatively flat through the wide output voltage swing range, providing increased headroom compared to other
audio amplifiers, including the OP176/275.

Headroom is a subjective measurement, and can be thought of as the maximum output amplitude allowed while
still maintaining a low level of distortion. In an attempt to quantify headroom, Tl defines very low distortion as
0.01%. Headroom is expressed as a ratio which compares the maximum allowable output voltage level to a
standard output level (1mW into 600Q, or 0.7746Vrms). Therefore, OPA134 series of operational amplifiers,
which have a maximum allowable output voltage level of 11.7Vrms (THD+Noise < 0.01%), have a headroom
specification of 23.6dBu. See [X| 5-4.
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6.2.2 Distortion Measurements

The distortion produced by OPAx134 series of operational amplifiers is below the measurement limit of all known
commercially-available equipment. However, a special test circuit can extend the measurement capabilities.

Operational amplifier distortion can be considered an internal error source which can be referred to the input.
6-1 shows a circuit which causes the operational amplifier distortion to be 101 times greater than that which the
operational amplifier normally produces. The addition of R3 to the otherwise standard non-inverting amplifier
configuration alters the feedback factor or noise gain of the circuit. The closed-loop gain is unchanged, but the
feedback available for error correction is reduced by a factor of 101, thus extending the resolution by 101. The
input signal and load applied to the operational amplifier are the same as with conventional feedback without Rs.
Keep the value of R3 small to minimize effect on the distortion measurements.

R, R,

\/\/\/\ \/\/\/\ SIG. | DIST.
= GAIN|GAIN| R, | R, | Ry
- 1 101 ) 1kQ | 10Q
N 11 [ 101 [1000] 1ka | 110
Ry % OPA134 $—O V,, = 3Vrms
. . R, 101 101 10Q | 1kQ L
Signal Gain = 1+ == +
R|
A o R
Distortion Gain = 1+ ] ||2R
178 Generator Analyzer
Output Input
]
| :
‘ Audio Precision R IBM PC
L
@ System One KO or
. Analyzer() ; Compatible

NOTE: (1) Measurement BW = 80kHz

B 6-1. Distortion Test Circuit

This technique can be verified by duplicating measurements at high gain or high frequency, where the distortion
is within the measurement capability of the test equipment. Measurements for this data sheet were made with an
Audio Precision distortion and noise analyzer, which greatly simplifies repetitive measurements. The
measurement technique can, however, be performed with manual distortion measurement instruments.

6.2.3 Source Impedance and Distortion

For lowest distortion with a source or feedback network with an impedance greater than 2kQ, match the
impedance seen by the positive and negative inputs in noninverting applications. The p-channel JFETs in the
FET input stage exhibit a varying input capacitance with applied common-mode input voltage. In inverting
configurations, the input does not vary with input voltage, because the inverting input is held at virtual ground.
However, in noninverting applications the inputs do vary, and the gate-to-source voltage is not constant. The
effect is increased distortion due to the varying capacitance for unmatched source impedances greater than
2kQ.

To maintain low distortion, match unbalanced source impedance with the appropriate values in the feedback
network as shown in 6-2. Of course, the unbalanced impedance can be from gain-setting resistors in the
feedback path. If the parallel combination of R4 and R; is greater than 2kQ, use a matching impedance on the
noninverting input. As always, minimize resistor values to reduce the effects of thermal noise.
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Vin

If Rg > 2k or R, || Ry > 2kQ2
Rs=R{IIR;

6-2. Impedance Matching for Maintaining Low Distortion in Noninverting Circuits

6.2.4 Phase Reversal Protection

The OPAx134 series of operational amplifiers are free from output phase-reversal problems. Many audio
operational amplifiers, such as the OP176, exhibit phase-reversal of the output when the input common-mode
voltage range is exceeded. This can occur in voltage-follower circuits, causing serious problems in control loop
applications. The OPA134 series operational amplifiers are free from this undesirable behavior even with inputs
of 10V beyond the input common-mode range.

6.2.5 Output Current Limit

Output current is limited by internal circuitry to approximately sourcing 36mA and sinking —30mA at 25°C. The
limit current decreases with increasing temperature, as shown in [%| 5-19.

6.3 Functional Block Diagram

OPAx134

— OuUT

Compensation

6.4 Device Functional Modes
6.4.1 Noise Performance
Circuit noise is determined by the thermal noise of external resistors and operational amplifier noise. Operational

amplifier noise is described by two parameters: noise voltage and noise current. The total noise is quantified by
the equation:

Vn(total) =ylen? + (inRs)? + 4kTRg (1)

With low source impedance, the current noise term is insignificant and voltage noise dominates the noise
performance. At high source impedance, the current noise term becomes the dominant contributor.

Low-noise bipolar operational amplifiers such as the OPA27 and OPA37 provide low voltage noise at the
expense of a higher current noise. However, OPAx134 series operational amplifiers provide both low voltage
noise and low current noise. This provides optimum noise performance over a wide range of sources, including
reactive source impedances; refer to [%| 5-6. Above 2kQ source resistance, the operational amplifier contributes
litle additional noise; the voltage and current terms in the total noise equation become insignificant and the
source resistance term dominates. Below 2kQ, operational amplifier voltage noise dominates over the resistor
noise, but compares favorably with other audio operational amplifiers such as the OP176.
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7 Application and Implementation

-
AT o7 7V r—variFliz, TI O®-EAERICE N0 TIEeL, Tl TEFO EMEFIdzets
PFEWZLER A, H 2 O B AR 28 OB AEPEIC OV T, BERO B THIKIL T 72Kz
R0FET, BEREITE ORI BEAZMIEL T ANTHZL T, VAT AOEREEZ R T OMLERHVET,

7.1 Application Information

The OPAx134 series operational amplifiers are unity-gain stable, and an excellent choice for a wide range of
audio and general-purpose applications. All circuitry is independent in the dual version, maintaining normal
behavior when one amplifier in a package is overdriven or short-circuited. Bypass the power supply pins with
10nF ceramic capacitors or larger to minimize power supply noise.

7.1.1 Operating Voltage

The OPAx134 series of operational amplifiers operate with power supplies from £2.5V to +18V with excellent
performance. Although specifications are production tested with +15V supplies, most behavior remains
unchanged throughout the full operating voltage range. Parameters which vary significantly with operating
voltage are shown in ©2>z2-5.8.

7.1.2 Offset Voltage Trim

Offset voltage of OPAx134 series amplifiers are laser-trimmed, and usually require no user adjustment. The
OPAXx134 provide less than £2mV of input offset voltage and a typical input offset voltage drift of 10uV/°C over
the operating temperature range.
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7.2 Typical Application

The OPAx134 family offers outstanding dc precision and AC performance. These devices operate up to 36V
supply rails and offer ultra-low distortion and noise, as well as 8MHz bandwidth and high capacitive load drive.
These features make the OPAx134 a robust, high-performance operational amplifier for high-voltage
professional audio applications.

2.94kQ
W\

—

1nF

590Q 4990

Input —A\A\\—
»—— Output
39nF
:|: OPAx134

¥ 7-1. OPA134 2nd-Order, 30kHz, Low-Pass Filter Schematic

7.2.1 Design Requirements
* Gain = 5V/V (inverting)
* Low-pass cutoff frequency = 30kHz

» —40db/dec filter response
* Maintain less than 3dB gain peaking in the gain versus frequency response

7.2.2 Detailed Design Procedure

The infinite-gain multiple-feedback circuit for a low-pass network function is shown in [X] 7-1. The voltage transfer
function is:

-1
Output {S) _ R1R3C,Cs
Input \>/ — 5 1 1 1

1 1
st S(C_z)<R_1 TRyt R_4> * (R3R4C205)

This circuit produces a signal inversion. For this circuit, the gain at DC and the low-pass cutoff frequency are
calculated using =\ 3 and = 4.

()

Gain = R—‘l* 3)

1 1
fe = 2\ mamicats @

WEBENCH® Circuit Designer creates customized power supply and active filter circuits based on your system
requirements. The environment gives you end-to-end selection, design, and simulation capabilities that save you
time during all phases of the analog design process.

Use our tools to help with your designs:

* Filter design tool

* Powerstage designer

« WEBENCH® Power designer
* PCB thermal calculator
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7.2.3 Application Curve

20
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7-2. OPA134 2nd-Order, 30kHz, Low-Pass Filter Response

7.3 Power Supply Recommendations

The OPAx134 is specified for operation from 5V to 36V (x2.5V to £18V); many specifications apply from —40°C
to +85°C. Parameters that can exhibit significant variance with regard to operating voltage or temperature are
presented in =~>72-5.8.

PRV
=

Supply voltages larger than 36V can permanently damage the device; see =722 5.1.

Place 10nF 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 =2>=.-7.4.1.

7.4 Layout
7.4.1 Layout Guidelines

For best operational performance of the device, use good PCB layout practices, including:

.

Noise can propagate into analog circuitry through the operational amplifier and the power pins of the circuit
as a whole. Bypass capacitors are used to reduce the coupled noise by providing low-impedance power
sources local to the analog circuitry.

— Connect low-ESR, 10nF ceramic bypass capacitors between each supply pin and ground, placed as close
as possible to the device. A single bypass capacitor from V+ to ground is applicable for single-supply
applications.

Separate grounding for analog and digital portions of circuitry is one of the simplest and most-effective

methods of noise suppression. One or more layers on multilayer PCBs are usually devoted to ground planes.

A ground plane helps distribute heat and reduces EMI noise pickup. Make sure to physically separate digital

and analog grounds paying attention to the flow of the ground current.

To reduce parasitic coupling, run the input traces as far away from the supply or output traces as possible. If

these traces cannot be kept separate, crossing the sensitive trace perpendicular is much better as opposed

to in parallel with the noisy trace.

Place the external components as close to the device as possible. As shown in &2 >52-7.4.2, keeping RF

and RG close to the inverting input minimizes parasitic capacitance.

Keep the length of input traces as short as possible. Always remember that the input traces are the most

sensitive part of the circuit.

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.
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* Cleaning the PCB following board assembly is recommended for best performance.

* Any precision integrated circuit can experience performance shifts due to moisture ingress into the plastic
package. Following any aqueous PCB cleaning process, Tl recommends baking the PCB assembly to
remove moisture introduced into the device packaging during the cleaning process. A low temperature, post

cleaning bake at 85°C for 30 minutes is sufficient for most circumstances.

7.4.2 Layout Example

VIN— +
RG VOuT

RF

(Schematic Representation)

Place components
Run the input traces ~ close to device and to
as far away from each other to reduce
the supply lines
as possible

parasitic errors

VS+

]

Use low-ESR, e
ceramic bypass GND
capacitor

— T
.
I LS ST o
I, p—
¢ ————————1 OUTPUT GND

Use low-ESR, ceramic
bypass capacitor

Ground (GND) plane on another layer

EJ 7-3. OPA134 Layout Example for the Noninverting Configuration
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8 Device and Documentation Support

8.1 Device Support

8.1.1 Development Support

8.1.1.1 Analog Filter Designer

Analog Filter Designer (%, it L2 —Tar V—/L Web _X—In5 Web _X—ADY— L ELTHIH TX,
WG EET 7T 4T T B V) a—ar Ok, k. v ial—tarEb TS TITOET,
8112TINA-TI™Y 22— 3> VYT o7 (EESOO—FR)

TINA-TI™ 222l —vay Y7hy=T %, SPICE = Pr e _—R LT 258 /)78 fHN T W A 2 —
vay Iy I ALTT, TINA-TI 2 3ab—ray Y77 hd, TINA™ Y7 o7 O3 R COEREL FF O IE N\ —Tg
VTNV T BTNET T 4T BT ICINZA T, v/ T NADTATZINRTIa—RINTOET, TINA-TI 232
L—yay Y7y =T IZiE, SPICE DIEYERYZ: DC AT TEMEAT | J8 IR AL RMT 728 O RFERRITIN 2., IBIND
R EMERE S E RSN TNET,

TINA-TI 232l —vay V7= T IERE B LI NUIab—iay V—L Web _— VbR T m—RT&, o
— DR ESEIFRE A TR TED | IRFIR 7 RS RE A 2 TOVET, BARGFHAIEZ LD | AT 23R
L. [/ —R, EE, BIOWEEEZ 72— LT, 807 vy AX—K YV — VAR TEET,

ey
BT FANEAFE T AL, TINA V7 =27 E7203 TINA-TI VY 7 =2 T A AR— )L EN TV DB

BHVET, TINA-TI™ VT RT =7 T30 Z 050, EED TINA-TI 32—y VIR 2T aF 70 a—R
LTLIEENY,

8113TIOUTZ7LYR -FHALY

TI DUVTZ 7L AT AL, TI OEEET a7 7 r—ar M ZICIVER ST Ty ) a—aT
T TIOVT7 7L AT AL, BEREL, S OERIR, > Iab—ar | 5847 PCB BIEMIB LUV ATk, Hih
=, PEFAHOMEREERIELET, TI OUT7 7L R T HFA 04, hitp://www.ti.com/ww/en/analog/precision-designs/
IO TAL T AFTEET,

8.2 Documentation Support

8.2.1 Related Documentation

For related documentation, see the following (available for download from www.ti.com):

» Texas Instruments, EMI Rejection Ratio of Operational Amplifiers
« Texas Instruments, Circuit Board Layout Techniques

83 RF¥aAy NOEIMBMERITMAAE

R 2 A D EHINZ DOV TOBENEZ T EAITIE ., www.tij.co.jp DT /A AR 7 4 V2 % BV TLIE S, @] 27

Vo7 U CRERT2E, BERINIZT_XTORMIERICET I AP AN BASZITTRAIENTEET, EROEMIC

DNTIE, WETENTERF 2 A MIE ENTODEGTIEREAZ Z B IEE0,

84YR—-F-VVY—-2R

TXYP R AR ALY E2E™ ViR —bh e T4 —T A E, T =T RRREEE A DO RIE LTI T A e A

— BN D EEGAZ LN TELIGAT T, BEFORIZ AR LIZD, B OERMAELIEV 528 T, it T

e XA R AFHIENTEET,

Vo 7ENTNLa T UV, FHFRE I TBROEFE RSN LDTT, INHIETH IR ARV LAY O

FEERRER T 20 D TIHARL, M PTLE TR Y R AL RV IV AY O RfifE KM LIZb D TIEHVER Ay TR AR

VA DS E SRR TIEE N,

8.5 Trademarks

SoundPlus™, TINA-TI™, and 7%t A A AV LAY E2E™ are trademarks of Texas Instruments.
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TINA™ is a trademark of DesignSoft, Inc.
T RCOMEEIL, FNENOEEITRBLET,

8.6 HESNEICEHT 5 EEEIE

ZD IC 1%, ESD IZho THEIE T A REMENRHVE S, T R AL AV LAV T, IC BB L ISl E a2 o2&

A FHEELET, LBV B L0 E FIEC bRV A . 7 AR IR T 252 NS ET,
A\ ESD (2L AMEHRIL. DT IVRIEREIE FbT A AD T2 R/ THI DI ET, W72 IC DBA . /8T A= BT
T BT CAEIICODHEN DA S ATREME A D7 . AR AL 2T < s TET,
8.7 AE
FXY R LRV LAY FHEE CORHELIZT, HESCKEO - ERIOERNTHIN TWET,

9 Revision History
EERE S RRBORFIIUGET 2R L COET, TOYGTBIRIZRGEMICEC T ET,

Changes from Revision A (April 2015) to Revision B (August 2024) Page
¢ RFRaAPEIKICDIESTER KA ROBRE T IEZ FHT ..o 1
o TRER JDBN = A BTTRIFEETEHT oottt 1
o JUYR NR=Tal TNALAD PDIP /37— A7 2 al B HIBR e 1
I g I TSP 1
o FIRDBIT W DFEE Q UTZETT (BT e roreereeeeeseeeeeoeeseeessseeseesseesssssseeeseessseeseeeeeeesssseseeseesssseeeeeeseesss e 1
» Updated Pin Configuration and FUNCtions TOrMat..............oiiiuiiiiiiiiiiie et eneee e e e snaeee e 3
* Changed OPA134 pin 1 and 8 from "Offset Trim" 10 "NC".........oo i sereee e 3
» Changed input voltage from (V=) — 0.7V to (V+) + 0.7V to (V=) — 0.5V to (V+) + 0.5V in Absolute Maximum

L 11 o 1 PRSP 5
» Added input current and related footnote to Absolute Maximum Ratings .............coucveeeeeiiiiieeeeiiiiee e esiieeee e 5
o Added TREIrMAl INFOIMALION ............ooeiiiiieiie ettt ettt e e ettt e e e sttt e e e e ettt eeeesasteeeeeeanseeeeeeaansseeeeeannsaeeeeaanes 6
* Updated format of Electrical CRAracCteriSHiCS ..............cccccciuuueeeieiie et e e e e e e 7
» Updated nominal conditions in the header of Electrical CharacteristiCs ................cccccceiviueeeeieieeeeeeieecciiireeeeennn. 7
* Changed headroom from 23.6dB t0 21.30B........cocuiiiiiiiiie e e e e e 7
o Deleted SIEW rate MIN. ... et e ettt et e e e e e e e e e s ababe e e e e e e e e e e e e e e e e nnnbnereeeeeaaeaeaeas 7
* Changed overload recovery time from 0.5US t0 0.8[S.....ccciiiiiiieiiiiiee e e e et e e e e sraeeeeeens 7
* Changed input offset voltage MIN from +0.5mV to £1mV and MAX from £2mV to £3.5mV.........cc.ccccerernnnne 7
» Deleted input offset voltage over temperature MAX...........oi i e e e eneee e e e neeeas 7
» Changed channel separation from 135dB to 128dB for dc, and from 130dB to 126dB for f = 20kHz ............... 7
L B 7= 1= =T g o) L= TSRS 7
o Added £ 1o IiNPUL bias CUITENE TY P ... ..ot e e et e e ettt e e s e s e e e eeaaaaaaaaeeeeeennes 7
» Changed common-mode voltage MAX value from (V+) — 2.5V t0 (V+) = 3.5V...cooiiiiiieeeeee e 7
* Updated common-mode rejection ratio and common-mode input impedance test conditions........................... 7
+ Changed differential input impedance from 1073Q || 2pF t0 10™3Q) || 8PF......ceoveveeeeeeeeeeeeeeeeee e 7
+ Changed common-mode input impedance from 10'3Q || 5pF t0 10"3Q || BPF .......cveveveeeeeeeeeeeeeeeeeee e 7
» Deleted open-loop voltage gain for R = B00Q)........coooiiiiiiiiiiiiee et eetae e e e s e e e e e nnaeeens 7
* Deleted voltage output fOor R = B000)........oiiiiiiiiie ittt e e e ettt e e e e snte e e e e s snteeeeeesanbeeeeeeasaeeaeeaan 7
* Moved voltage output negative MIN values to MAX VAIUES.........ccoiiiiii i 7
o Deleted OUIPUL CUITENL.... ...t e et e e e e e e e e e e et e e et e e te et a e e seeeaeaaaaaaaaaeeeseeesesessnnnres 7
* Deleted note 1 from Electrical CRAraCteriStiCS ............ccuuuiiiiiiiie et eeeee e see e et e e s aeeee e e s enaaeeeesnnnnaeeeas 7
+ Changed typos in typical characteristic graphs; corrected ohms symbol (Q) and radical symbol (V)................ 9
» Changed test condition for Typical Characteristics from Vg = 15V to Vg = £15V (fypo)...cevvveiiiiiireeiiiieee e 9
» Changed Figure 26, Small-Signal Overshoot vs Load Capacitance into new Figures 5-23 and 5-24................ 9
» Deleted old Figure 20, Output Voltage Swing vs Output Current, Figure 21, Offset Voltage Production

Distribution, Figure 22, Offset Voltage Drift Production DiStribULION ..............ccc.ouiciiiiiiiiiieie e 9
o Updated Functional BIOCK Di@QIamm ...............uuuuuieiie e ettt s e e e e e e e e e e e e e e e e e e e e e e e e e e aesaranennananan 15
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o Updated OFfSEE VOIAGE THIIMT .........oooooeeeeeeeee ettt ettt e e e e e e e e et e e e e e e e e e e e e e e enssareees 16
» Updated OPA134 Layout Example for the Noninverting Configuration ..................ccccccueuiciieeeiicieeeeesiieeeee s 19
Changes from Revision * (September 2000) to Revision A (April 2015) Page

o ESD &g, HERERH v ar . (TS ZAOMEET—R v ovay 77V r—ar 3l v rvar I
TICEETAHERFIE v ay, VAT U v rvay [ TARALARBIORF 2 A MDY R = Ivar, [ Ah=0
NP A N SR O B [ A /A= = 1= | SRRSO 1

10 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
OPAL134PA Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type - OPA134PA
OPA134PA.A Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40to 85 OPA134PA
OPA134UA Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 85 OPA
134UA
OPA134UA.B Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 85 OPA
134UA
OPA134UA/2K5 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 OPA
134UA
OPA134UA/2K5.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 OPA
134UA
OPA2134PA Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40to 85 OPA2134PA
OPA2134PA.A Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 OPA2134PA
OPA2134PAG4 Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 OPA2134PA
OPA2134UA Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 85 OPA
2134UA
OPA2134UA.B Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 85 OPA
2134UA
OPA2134UA/2K5 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 OPA
2134UA
OPA2134UA/2K5.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 OPA
2134UA
OPA4134UA Active Production SOIC (D) | 14 50 | TUBE Yes NIPDAU Level-3-260C-168 HR -40 to 85 OPA4134UA
OPA4134UA.B Active Production SOIC (D) | 14 50 | TUBE Yes NIPDAU Level-3-260C-168 HR -40to 85 OPA4134UA
OPA4134UA/2K5 Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 OPA4134UA
OPA4134UA/2K5.B Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 OPA4134UA
SN412008DRE4 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 OPA
2134UA

@ status: For more details on status, see our product life cycle.
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@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
OPA134UA/2K5 SolIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA2134UA/2K5 SOIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA4134UA/2K5 SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

OPA134UA/2K5 SoIC D 8 2500 353.0 353.0 32.0
OPA2134UA/2K5 SoIC D 8 2500 353.0 353.0 32.0
OPA4134UA/2K5 SoIC D 14 2500 353.0 353.0 32.0

Pack Materials-Page 2



PACKAGE MATERIALS INFORMATION

13 TEXAS
INSTRUMENTS
www.ti.com 24-Jul-2025
TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> V\£ dth
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
OPAL134PA P PDIP 8 50 506 13.97 11230 4.32
OPA134PA.A P PDIP 8 50 506 13.97 11230 4.32
OPA134UA D SoIC 8 75 506.6 3940 4.32
OPA134UA.B D SoIC 8 75 506.6 3940 4.32
OPA2134PA P PDIP 8 50 506 13.97 11230 4.32
OPA2134PA.A P PDIP 8 50 506 13.97 11230 4.32
OPA2134PAG4 P PDIP 8 50 506 13.97 11230 4.32
OPA2134UA D SoIC 8 75 506.6 8 3940 4.32
OPA2134UA.B D SoIC 8 75 506.6 8 3940 4.32
OPA4134UA D SoIC 14 50 506.6 8 3940 4.32
OPA4134UA.B D SoIC 14 50 506.6 8 3940 4.32
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DO014A

SMALL OUTLINE INTEGRATED CIRCUIT

e 27vp SEATING PLANE——"
PIN 1 ID 01[Cl~
(- ) 14 e =Y
1] e ‘
— == ]
§ |
| ] il
8.75 8 2X :
8.55
WL — [ )
|
| ] H
— ) ]
il |
7 e |
¥ 8 0.51 T |
14X o
4.0 0.31 L
8] 3.8 |4 [0.2500 [c|AB] —=1.75 MAX

e —

NOTE 4
e |
/i Ny
Ny . T
— 0.25
/\* SEE DETAIL A 0.13 e -
0.25

GAGE PLANE

o"-aa"&—1

_—

DETAIL A
TYPICAL

4220718/A 09/2016

NOTES:

1. All linear dimensions are in millimeters. Dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm, per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.43 mm, per side.

. Reference JEDEC registration MS-012, variation AB.
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EXAMPLE BOARD LAYOUT

DO014A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

14X (1.55) SYMM
11
] [
14X (0.6) ] l::j l::j
e )
12X (1.27) ‘ ‘ MM
¢

-
—

e ey

LAND PATTERN EXAMPLE
SCALE:8X

SOLDER MASK
SOLDER MASK METAL UNDER
OPENING METAL SOLDER MASK‘\ i OPENING

(F N = \
‘ \
| |
— ==
JL 0.07 MAX JL* 0.07 MIN
ALL AROUND ALL AROUND

NON SOLDER MASK
DEFINED

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4220718/A 09/2016

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

i3 TExas
INSTRUMENTS
www.ti.com




EXAMPLE STENCIL DESIGN
DO014A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

i
~

SYMM

o

14X (1.55) ﬁ SYMM
i ¢
|
|
|
|
|
!
|
|
|
|
|
|
|

IR0

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:8X

4220718/A 09/2016

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.
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MECHANICAL DATA

P (R—PDIP—T8)

PLASTIC DUAL—=IN—LINE PACKAGE

0.400 (10,16)
035 (9,00) 7
5
[ ™M ;
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0.240 (6,10)
° ‘
P8 S WS I Wy

0.045 (1,14) 0.325 (8,26)
0.030 (0,76) | [© —0.020 (0,51) MIN 0.300 (7,62)
/ T o 38)
\ 0.200 (5,08) MAX TGouge Plane
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0.125 (3,18) MIN (0,25) NOM
0.100 (2,54) O 430 (10, 92
MAX
0.021 (0,53)
€ 5015 (0,38)
[]0.010 (0,25) W]
4040082/E  04/2010
NQTES: A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
C. Falls within JEDEC MS—001 variation BA.
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