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4 Pin Configuration and Functions
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4-1. OPA994-Q1 DBV Package,
5-Pin SOT-23
(Top View)
£ 4-1. Pin Functions: OPA994-Q1
PIN
TYPE(") DESCRIPTION
NAME NO.
IN+ 3 | Noninverting input
IN— 4 | Inverting input
ouT 1 0 Output
V+ 5 — Positive (highest) power supply
V- 2 — Negative (lowest) power supply
(1) 1=input, O = output
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4-2. OPA2994-Q1 D and DGK Package,

8-Pin SOIC and VSSOP
(Top View)

R 4-2. Pin Functions: OPA2994-Q1

PIN
TYPE(") DESCRIPTION

NAME NO.
IN1+ 3 | Noninverting input, channel 1
IN1- 2 | Inverting input, channel 1
IN2+ 5 | Noninverting input, channel 2
IN2— 6 | Inverting input, channel 2
OuUT1 1 (@) Qutput, channel 1
ouT2 7 (0] Output, channel 2
V+ 8 — Positive (highest) power supply
V- 4 — Negative (lowest) power supply
(1) 1 =input, O = output

4 BN 57 1 — RN 2 (DI RB R GPE) 285
Product Folder Links: OPA2994-Q1

Copyright © 2023 Texas Instruments Incorporated

English Data Sheet: SBOSAG6


https://www.ti.com/product/ja-jp/opa2994-q1?qgpn=opa2994-q1
https://www.ti.com/ja-jp/lit/pdf/JAJSS74
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSS74&partnum=OPA2994-Q1
https://www.ti.com/product/ja-jp/opa2994-q1?qgpn=opa2994-q1
https://www.ti.com/lit/pdf/SBOSAG6

13 TEXAS
INSTRUMENTS OPA2994-Q1
www.ti.com/ja-jp JAJSS74 — NOVEMBER 2023

5 Specifications

5.1 Absolute Maximum Ratings
over operating ambient temperature range (unless otherwise noted)("

MIN MAX UNIT

Supply voltage, Vg = (V+) — (V=) 0 24 \%

Common-mode voltage®) (V-)-0.5 (V+)+0.5 \%
Signal input pins Differential voltage(*) £0.5 \%

Current® +10 mA
Output short-circuit(@) Continuous
Operating ambient temperature, Tp -55 150 °C
Junction temperature, T, 150 °C
Storage temperature, Tgg -65 150 °C

(1)  Operating the device beyond the ratings listed under Absolute Maximum Ratings will cause permanent damage to the device. These
are stress ratings only, based on process and design limitations, and this device has not been designed to function outside the
conditions indicated under Recommended Operating Conditions. Exposure to any condition outside Recommended Operating
Conditions for extended periods, including absolute-maximum-rated conditions, may affect device reliability and performance.

(2) Short-circuit to ground, one amplifier per package. Extended short-circuit current, especially with higher supply voltage, can cause
excessive heating and eventual destruction.

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

(4) Input pins are connected by back-to-back diodes for input protection. If the differential input voltage may exceed 0.5 V, limit the input
current to 10 mA or less.

5.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(1) +2500
V(Esp) Electrostatic discharge - \%
Charged-device model (CDM), per ANSI/ESDA/JEDEC JS-002(2) +1500

(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.

5.3 Recommended Operating Conditions
over operating ambient temperature range (unless otherwise noted)

MIN MAX UNIT
Vs Supply voltage, (V+) — (V=) 2.7 24 \%
A Common mode voltage range (V=)-0.1 (V+)+0.1 \%
Ta Specified temperature —40 125 °C
Copyright © 2023 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS P) #5%5F 5
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5.4 Thermal Information for Single Channel

OPA994-Q1
THERMAL METRIC(") (832-\;3) UNIT
5 PINS
Rgya Junction-to-ambient thermal resistance TBD °C/W
Reuc(top) Junction-to-case (top) thermal resistance TBD °C/W
Ress Junction-to-board thermal resistance TBD °C/W
Wyt Junction-to-top characterization parameter TBD °C/W
Wis Junction-to-board characterization parameter TBD °C/W
ReJcbot) Junction-to-case (bottom) thermal resistance TBD °C/W

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

5.5 Thermal Information for Dual Channel

OPA2994-Q1
THERMAL METRIC(") (SgIC) (vgggp) Unit
8 PINS 8 PINS
Rgya Junction-to-ambient thermal resistance TBD TBD °C/W
Reauc(top) Junction-to-case (top) thermal resistance TBD TBD °C/W
Ress Junction-to-board thermal resistance TBD TBD °C/IW
Wyt Junction-to-top characterization parameter TBD TBD °C/W
Wis Junction-to-board characterization parameter TBD TBD °C/W
ReJcbot) Junction-to-case (bottom) thermal resistance TBD TBD °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.
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5.6 Electrical Characteristics
ForVg = (V+)—(V-)=2.7Vt024V (£1.35V to £12 V) at Tp = 25°C, R_ = 10 kQ connected to Vg / 2, Vcpm = Vg / 2, and Vour

=Vg/ 2, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
OFFSET VOLTAGE
Vv [ ff [ Ve = V- 02 il v
nput offset voltage =V- m
o8 P 9 oM Tp=—40°C to 125°C 12
dVog/dT Input offset voltage drift Vem = V- Ta =-40°C to 125°C +0.17 uv/°’C
PSRR Input offset voltage versus |\, = _\_ vo=5Vt024V |Ty=-40°C to 125°C +35 22| puv
power supply
PSRR Input offset voltage versus |y, v vg =27V 1024V |Ta =-40°C to 125°C 60|  pvv
power supply
DC channel separation 1 uVv/Iv
INPUT BIAS CURRENT
Ig Input bias current +400 +1500 nA
los Input offset current 12 nA
NOISE
1.8 UVpp
En Input voltage noise f=0.1Hzto 10 Hz
0.3 HVrms
f=1kHz 12
en Input voltage noise density nVAHHz
f=10 kHz 11
iN Input current noise density |f=1 kHz 1 pAAHZ
INPUT VOLTAGE RANGE
Common-mode input
Vem voltage range (V=)-0.1 (V+) + 0.1 Y,
Vois Differential input voltage +0.5 v
range
Vg =24V, V-<Vgy < (V+)—
2V (Main Input Pair) 15 135
Vs=5V,V=<Vgy < (V+)-2
V (Main Input Pair)(") Th = 40°C 1o 125°C 105 120
! o _ °C to 125°
CMRR g;rgmon mode rejection Ve = 2.7V, V= < Voy < (V4) - A o0 4B
2V (Main Input Pair)
Vg=27-24V,(V+)-1V < 95
Vewm < V+ (Aux Input Pair)
(V+) =2V <Vey <(V+)—1V|Tp=-40°C to 125°C See
INPUT IMPEDANCE
Zp Differential 1013 MQ || pF
Zicm Common-mode 11 TQ || pF
OPEN-LOOP GAIN
Vg =24V, Voy=Vs /2, 80 87
(V=) +1V<Vo<(V+)- 1V T, =_40°C to 125°C 87
Vs=5V,Vem=Vs/2, 75 80
" i (V=) +1V<Vgo<(V+)- 1
AoL Open-loop voltage gain v o Tp = —40°C to 125°C 80 dB
Vs=2.7V,Vecu=Vs/2, 75 80
(V=) +1V<Vgo<(V+)- 1
v Ta =-40°C to 125°C 80
Copyright © 2023 Texas Instruments Incorporated HFHE 57— RN 2 (DRSBTS P) #5%5F 7
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5.6 Electrical Characteristics (¥tX)

ForVg=(V+)—-(V-)=27Vto24V (£x1.35V to £12 V) at T = 25°C, R_ = 10 kQ connected to V5 / 2, Vcym = Vs / 2, and Vourt
=Vg/ 2, unless otherwise noted.

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
FREQUENCY RESPONSE
GBW Gain-bandwidth product 25 MHz
SR Slew rate Vg =24V, Vgrgp = 10V, G = +1, C_ = 20 pF®) 18 Vius
T0 0.1%, Vg = 24 V, Vgrep = 10V, G = +1, C,_ = 50 pF 0.15
To 0.1%, Vg = 24 V, Vgrep = 10 V, G = +1, C_ = 500 pF 05
ts Settling time us
T00.01%, Vg =24 V, Vgrep = 10V, G = +1, C_ = 50 pF 0.65
T00.01%, Vg = 24 V, Vgrep = 10V, G = +1, C_ = 500 pF 1
Phase margin G=+1,R_ =10kQ, C_=20pF 55 °
Overload recovery time VN x gain > Vg 200 ns
V=24V, Vo=3Vgus G=1,f=1kHz, R_= 10 kQ 0.0001%
120 dB
THD+N :gfz'eharmonic distortion + |/~ 10V, Vo = 3 Vrus, G = 1, f= 1 kHz, R_= 128 Q 0'00115: =
Vg=10V,Vp=0.4Vgus, G=1,f=1kHz, RL=32Q 0.00032%
110 dB
OUTPUT
Vg =24V, R_ = no load 35
Vs=24V,R.=10kQ 45 55
Vs=24V,R =2kQ 60 70
Vs =5V, R =no load 35
Vqltage output swing from quitive and negative Vs=5V, R, =10kQ 20 45 mv
rail rail headroom
Vs=5V,R =2kQ 45 50
Vs =27V, R, = no load 30
Vs=2.7V,R_=10kQ 35 40
Vs=2.7V,R, =2kQ 40 50
Vg=24V +62 +150
Isc Short-circuit current Vg =5V +50 +100 mA
Vg =2.7 V(1 +45 +65
CLoaD Capacitive load drive Unlimited; See pF
Z %p;er;fn‘lpeo“tp“t Io=0A See 0
POWER SUPPLY
g aQr:i:)elisf(i:;nt current per 125 17 mA
- lo=0A
I ;Jrz:a“sf?;nt current per Ta = —40°C to 125°C 2.1 mA
(1) Specified by characterization only.
(2) See for more information.
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6 Detailed Description
6.1 Overview

The OPAx994-Q1 family (OPA994-Q1 and OPA2994-Q1) is a family of high voltage (24-V) general purpose

operational amplifiers.

The OPAx994-Q1 family has a wide gain bandwidth of 25 MHz when no capacitive load is present. These
devices have unlimited capacitive load drive and are able to drive large capacitive loads without continuous

oscillations.

These devices also offer excellent DC precision, including rail-to-rail input/output, low offset (+200 uV, typ), and

low offset drift (£0.17 uV/°C, typ).

Special features such as unlimited capacitive load drive, high short-circuit current (£150 mA, typ), and high slew
rate (18 V/us, typ) make the OPAx994-Q1 an extremely flexible, robust, and high-performance operational

amplifier for high-voltage automotive applications.

6.2 Functional Block Diagram

+
NPN Input
Stage
IN+
Slew
Boost
IN-

PNP Input
Stage

+

Output
Stage

ouT

Copyright © 2023 Texas Instruments Incorporated
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6.3 Feature Description
6.3.1 Unlimited Capacitive Load Drive

One of the challenges when designing an op-amp circuit is verifying that the op-amp is stable when driving
capacitive loads. The OPAx994-Q1 has a unique architecture that features Unlimited Capacitive Load Drive
(UCLD), which is used to prevent sustained oscillations on the amplifier's output signals when driving large
capacitive loads. This is achieved by maintaining an acceptable phase margin as the size of the capacitive load
increases.

An op-amp circuit that is unstable will have an unpredictable or unexpected output with poor transient
performance. This typically results in large overshoots and ringing when changes occur on the input or load, but
may also result in sustained oscillations. One common cause of instability in op-amps can occur when
connecting a load capacitor, CL, to the output of the amplifier. This instability is a result of the op-amp's internal
output resistance, Zo, that creates a secondary pole with CL.

The OPAx994-Q1 family's UCLD has a proprietary output compensation structure that is able to sense the
capacitance on the output and adjust internal pole and zero structures to achieve acceptable phase margins.
This behavior is unique to UCLD devices and allows the op-amp to remain stable under larger capacitive loads
compared to traditional amplifiers.

To keep an acceptable phase margin, UCLD devices lower the gain bandwidth product under larger capacitive
loads. The OPAXx994-Q1 is specified to have a gain bandwidth product of 25 MHz without significant capacitive
load, but this value will begin to decrease at the point where a traditional amplifier would begin to become
unstable. This tradeoff is what extends the output drive capability. OPAx994-Q1 is designed with a wide gain
bandwidth product to make sure there is headroom for many general-purpose applications with higher capacitive
loads.

Vout

Riso

Cload

6-1. Extending Capacitive Load Drive With the OPAx994-Q1

6.3.2 EMI Rejection

The OPAx994-Q1 uses integrated electromagnetic interference (EMI) filtering to reduce the effects of EMI 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 OPAx994-Q1 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. #* 6-1 provides the EMIRR IN+ values for the OPAx994-Q1 at particular frequencies commonly
encountered in real-world applications. The EMI Rejection Ratio of Operational Amplifiers application report
contains detailed information on the topic of EMIRR performance as it relates to op amps and is available for
download from www.ti.com.
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# 6-1. OPAX994-Q1 EMIRR IN+ For Frequencies of Interest

FREQUENCY APPLICATION OR ALLOCATION EMIRR IN+
400 MHz Mob_lle r_adlo, mobile satellite, space operation, weather, radar, ultra-high frequency (UHF) 50.0 dB
applications
900 MHz Global system for mobile communications (GSM) applications, radio communication, navigation, 56.3 dB
GPS (to 1.6 GHz), GSM, aeronautical mobile, UHF applications ’
1.8 GHz GSM applications, mobile personal communications, broadband, satellite, L-band (1 GHz to 2 GHz) 65.6 dB
2 4 GHz 802.11b, 802.11g, 802.11n, Bluetooth®, mobile personal communications, industrial, scientific and 70.0 dB
’ medical (ISM) radio band, amateur radio and satellite, S-band (2 GHz to 4 GHz) '
3.6 GHz Radiolocation, aero communication and navigation, satellite, mobile, S-band 78.9 dB
5 GHz 802.11a, 802.11n, aero communication and navigation, mobile communication, space and satellite 91.0 dB
operation, C-band (4 GHz to 8 GHz) '

6.3.3 Common-Mode Voltage Range

The OPAx994-Q1 is a 24-V, true rail-to-rail input operational amplifier with an input common-mode range that
extends to both supply rails. This wide range is achieved with paralleled complementary PNP and NPN
differential input pairs, as shown in [ 6-2. The NPN pair is active for input voltages close to the positive rail,
typically from (V+) — 1 V to the positive supply. The PNP pair is active for inputs from the negative supply to
approximately (V+) — 2 V. There is a small transition region, typically (V+) — 2 V to (V+) — 1V, in which both input
pairs are on. This transition region can vary modestly with process variation. Within this region PSRR, CMRR,
offset voltage, offset drift, noise, and THD performance may be degraded compared to operation outside this
region.

For more information on common-mode voltage range and complementary pair interaction, see Op Amps With
Complementary-Pair Input Stages application note.

V+

IN+ /P: NPN
v. B

B 6-2. Rail-to-Rail Input Stage

6.3.4 Phase Reversal Protection

The OPAx994-Q1 family has 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 non-
inverting circuits when the input is driven beyond the specified common-mode voltage range, causing the output
to reverse into the opposite rail. The OPAx994-Q1 is a rail-to-rail input op amp; therefore, the common-mode
range can extend up to the rails. Input signals beyond the rails do not cause phase reversal; instead, the output
limits into the appropriate rail. This performance is shown in [X| 6-3. For more information on phase reversal, see
Op Amps With Complementary-Pair Input Stages application note.
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6-3. No Phase Reversal

6.3.5 Electrical Overstress

Designers often ask questions about the capability of an operational amplifier to withstand electrical overstress
(EOS). 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. [X] 6-4 shows an illustration of the ESD circuits contained in the OPAx994-Q1 (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 or
the power-supply ESD cell, internal to the operational amplifier. This protection circuitry is intended to remain
inactive during normal circuit operation.

RF

Ry

T > — Power-Supply
Ip ESD Cell RL
- =
EJ 6-4. Equivalent Internal ESD Circuitry Relative to a Typical Circuit Application
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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 terminals, 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 OPAx994-
Q1 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 (as shown in [X] 6-4), 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 terminal. If
this condition occurs, there is a risk that some internal ESD protection circuits can turn on and conduct current.
Any such current flow occurs through steering-diode paths and rarely involves the absorption device.

[X| 6-4 shows a specific example where the input voltage (V|y) exceeds the positive supply voltage (+Vs) by 500
mV 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 can 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.

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 input source
supplies the operational amplifier current through the current-steering diodes. This state is not a normal bias
condition; most likely, the amplifier 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, add external zener diodes to the
supply terminals; see 6-4. Select the zener voltage so that 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
terminal begins to rise above the safe-operating, supply-voltage level.

The OPAx994-Q1 input terminals are protected from excessive differential voltage with back-to-back diodes; see
6-4. In most circuit applications, the input protection circuitry has no effect. 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,
limit the input signal current to 10 mA or less. If the input signal current is not inherently limited, an input series
resistor can be used to limit the input signal current. This input series resistor degrades the low-noise
performance of the OPAx994-Q1. 6-4 shows an example configuration that implements a current-limiting
feedback resistor.

6.3.6 Overload Recovery

Overload recovery is defined as the time required for the op amp output to recover from a saturated state to a
linear state. The output devices of the op amp enter a saturation region when the output voltage exceeds the
rated operating voltage, either due to the high input voltage or the high gain. After the device enters the
saturation region, the charge carriers in the output devices require time to return back to the linear state. After
the charge carriers return back to the linear state, the device begins to slew at the specified slew rate. Thus, the
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propagation delay in case of an overload condition is the sum of the overload recovery time and the slew time.
The overload recovery time for the OPAx994-Q1 is approximately 200 ns.
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6.3.7 Typical Specifications and Distributions

Designers often have questions about a typical specification of an amplifier to design a more robust circuit. Due
to natural variation in process technology and manufacturing procedures, every specification of an amplifier will
exhibit some amount of deviation from the ideal value, like an amplifier's input offset voltage. These deviations
often follow Gaussian (bell curve), or normal distributions, and circuit designers can leverage this information to
guardband their system, even when there is not a minimum or maximum specification in the Electrical
Characteristics table.

0.00002% 0.00312% 0.13185% 2.145% 13.59%'34.13%' 34.13%' 13.59%\2.145% 0.13185% 0.00312% 0.00002%

0 0 0 G0 0,0 0\0 0 0 O
I B

u-60 u-50 u-4o0 u-30 u-20 u-o M u+o U+20 u+30 u+40 u+50 u+60

6-5. Ideal Gaussian Distribution

The [¥] 6-5 figure shows an example distribution, where u, or mu, is the mean of the distribution, and where o, or
sigma, is the standard deviation of a system. For a specification that exhibits this kind of distribution,
approximately two-thirds (68.26%) of all units can be expected to have a value within one standard deviation, or
one sigma, of the mean (from y—o to y+o).

Depending on the specification, values listed in the typical column of the Electrical Characteristics table are
represented in different ways. As a general rule, if a specification naturally has a nonzero mean (for example,
like gain bandwidth), then the typical value is equal to the mean (u). However, if a specification naturally has a
mean near zero (like input offset voltage), then the typical value is equal to the mean plus one standard deviation
(v + o) to most accurately represent the typical value.

Designers can use this chart to calculate approximate probability of a specification in a unit; for example, for
OPAXx994-Q1, the typical input voltage offset is 200 pV. So 68.2% of all OPAx994-Q1 devices are expected to
have an offset from —200 pV to +200 pV. At 4 o (800 pV), 99.9937% of the distribution has an offset voltage
less than +800 pV, which means 0.0063% of the population is outside of these limits, which corresponds to
about 1 in 15,873 units.

Specifications with a value in the minimum or maximum column are assured by Tl, and units outside these limits
will be removed from production material. For example, the OPAx994-Q1 family has a maximum offset voltage of
1 mV at 25°C, and even though this corresponds to slightly less than 5 o (=1 in 1.7 million units), which is
extremely unlikely, Tl assures that any unit with larger offset than 1 mV will be removed from production material.
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For specifications with no value in the minimum or maximum column, consider selecting a sigma value of
sufficient guardband for the designers application, and design worst-case conditions using this value. For
example, the 6-c value corresponds to about 1 in 500 million units, which is an extremely unlikely chance, and
could be an option as a wide guardband to design a system around. In this case, the OPAx994-Q1 family does
not have a maximum or minimum for offset voltage drift. But based on the typical value of 0.17 pV/°C in the
Electrical Characteristics table, it can be calculated that the 6-o value for offset voltage drift is about 1.02 pV/°C.
When designing for worst-case system conditions, this value can be used to estimate the worst possible offset
across temperature without having an actual minimum or maximum value.

Note that process variation and adjustments over time can shift typical means and standard deviations, and
unless there is a value in the minimum or maximum specification column, Tl cannot assure the performance of a
device. This information should be used only to estimate the performance of a device.

6.4 Device Functional Modes

The OPAx994-Q1 has a single functional mode and is operational when the power-supply voltage is greater than
or equal to 2.7 V (£1.35 V). The maximum power supply voltage for the OPAx994-Q1 is 24 V (x12 V).
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7 Application and Implementation

b2
Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. TI’s customers are responsible for determining

suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

7.1 Application Information

The OPAXx994-Q1 family offers excellent DC precision and AC performance. These devices operate up to 24-V
supply rails and offer true rail-to-rail input/output, low offset voltage and offset voltage drift, as well as 25-MHz
bandwidth and high output drive. These features make the OPAx994-Q1 a robust, high-performance operational
amplifier for high-voltage automotive applications.

7.2 Typical Applications
7.2.1 Low-Side Current Measurement
7-1 shows the OPA994-Q1 configured in a low-side current sensing application. For a full analysis of the

circuit shown in [¥] 7-1 including theory, calculations, simulations, and measured data, see Tl Precision Design
TIPD129, 0-A to 1-A Single-Supply Low-Side Current-Sensing Solution.

VCC
LOAD 56’
>~ OPA994-Q1

——C Vour

Rshunt

lLoap l 100 mQ

Re
5.76 kQ

Re > 120 Q

B 7-1. OPAx994-Q1 in a Low-Side, Current-Sensing Application

7.2.1.1 Design Requirements
The design requirements for this design are as follows:

* Loadcurrent: 0Ato 1A
* Max output voltage: 4.9V
* Maximum shunt voltage: 100 mV

7.2.1.2 Detailed Design Procedure

The transfer function of the circuit in [X] 7-1 is given in = 1:

Vour =1IL0ap X Rspunt % Gain 1)
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The load current (I_oap) produces a voltage drop across the shunt resistor (RsyynT)- The load current is set from
0 A to 1 A. To keep the shunt voltage below 100 mV at maximum load current, the largest shunt resistor is
defined using =\ 2:

1%
S 10080 300 @

RsgunT =

Using =\ 2, RgqunT is calculated to be 100 mQ. The voltage drop produced by I oap and Rsyynt is amplified by
the OPA994-Q1 to produce an output voltage of 0 V to 4.9 V. The gain needed by the OPA994-Q1 to produce
the necessary output voltage is calculated using =\ 3:

14 -V
Gain = ( OUT_MAX OUT_MIN) (3)

(ViN_max —VIN_MIN)

Using 3{ 3, the required gain is calculated to be 49 V/V, which is set with resistors R and Rg. X 4 is used to
size the resistors, R and Rg, to set the gain of the OPA994-Q1 to 49 V/V.
o (RR)

Gain = 1 + @ (4)
Choosing R as 5.76 kQ, Rg is calculated to be 120 Q. Rg and Rg were chosen as 5.76 kQ and 120 Q because
they are standard value resistors that create a 49:1 ratio. Other resistors that create a 49:1 ratio can also be
used. However, excessively large resistors will generate thermal noise that exceeds the intrinsic noise of the op
amp. [X| 7-2 shows the measured transfer function of the circuit shown in [X] 7-1.

7.2.1.3 Application Curve

‘ //

Output (V)
n

e

0 01 02 03 04 05 06 07 08 0.9 1
ILoap (A)

B 7-2. Low-Side, Current-Sense, Transfer Function

7.3 Power Supply Recommendations

The OPAx994-Q1 is specified for operation from 2.7 V to 24 V (£1.35 V to £12 V); many specifications apply
from —40°C to 125°C or with specific supply voltages and test conditions.

PIVETN
l@\

Supply voltages larger than 24 V can permanently damage the device; see Absolute Maximum
Ratings.

Place 0.1-yF 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, referto =722 7.4.
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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 power pins of the circuit as a whole and op amp itself.
Bypass capacitors are used to reduce the coupled noise by providing low-impedance power sources local to
the analog circuitry.

— Connect low-ESR, 0.1-uF ceramic bypass capacitors between each supply pin and ground, placed as
close to the device as possible. 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 , 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.

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

Any precision integrated circuit may experience performance shifts due to moisture ingress into the plastic

package. Following any aqueous PCB cleaning process, baking the PCB assembly is recommended 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

V-

Tc3
INPUT .,_I
OUTPUT
U1 =
2
113 . R3
3 NN 1
C4 c2

2

—
B

B 7-3. Schematic for Noninverting Configuration Layout Example
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7-4. Example Layout for VSSOP-8 (DGK) Package
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8 Device and Documentation Support
8.1 Device Support

8.1.1 Development Support

8.1.1.1 TINA-TI™ (Free Software Download)

TINA™ is a simple, powerful, and easy-to-use circuit simulation program based on a SPICE engine. TINA-TI is a
free, fully-functional version of the TINA software, preloaded with a library of macro models in addition to a range
of both passive and active models. TINA-TI provides all the conventional dc, transient, and frequency domain
analysis of SPICE, as well as additional design capabilities.

Available as a free download from the Analog eLab Design Center, TINA-TI offers extensive post-processing
capability that allows users to format results in a variety of ways. Virtual instruments offer the ability to select
input waveforms and probe circuit nodes, voltages, and waveforms, creating a dynamic quick-start tool.

These files 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.

8.2 Documentation Support
8.2.1 Related Documentation

For related documentation, see the following:

» Texas Instruments, MUX-Friendly, Precision Operational Amplifiers application brief

» Texas Instruments, EMI Rejection Ratio of Operational Amplifiers application report

» Texas Instruments, Op Amps With Complementary-Pair Input Stages application note

» Texas Instruments, 0-7-A, Single-Supply, Low-Side, Current Sensing Solution reference design (TIPD129)
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8.5 Trademarks

TINA-TI™ is a trademark of Texas Instruments, Inc and DesignSoft, Inc.
TINA™ and DesignSoft™ are trademarks of DesignSoft, Inc.

TR R ARV LAY E2E™ is a trademark of Texas Instruments.
Bluetooth® is a registered trademark of Bluetooth SIG, Inc.

FTRTOFEEL, FNENOFEEIRBLET,
8.6 HESMEBICHT S EEEE

ZD IC 1%, ESD IZho THEH T A RREMENRHVE S, T R AL AV LAV T, IC BB LR ISl E a2 o2&

A BAHERL ST, ELOROEOBEORBFIAC DRV A, 7 A ALHET 5B TR ET,
A\ ESD ICEBMHEAIE, DT DRMREIE T DT A AD TSR £ CHIGI DTV E T, K72 IC DG, /$TA—FHD T

AT D2 TRRSNLTODHARD AN D FTREMEDN D D720 | R FEEL LI <Io TN ET,

Copyright © 2023 Texas Instruments Incorporated BN BT T2 71— N2 (D E kO Ad) 225 21

Product Folder Links: OPA2994-Q1
English Data Sheet: SBOSAG6

ADVANCE INFORMATION


http://focus.ti.com/docs/toolsw/folders/print/tina-ti.html
http://focus.ti.com/docs/toolsw/folders/print/tina-ti.html
https://www.ti.com/jp/lit/pdf/SBOT040
https://www.ti.com/jp/lit/pdf/SBOA128
https://www.ti.com/jp/lit/pdf/slyt759
https://www.ti.com/jp/lit/pdf/TIDU040
https://www.ti.com
https://e2e.ti.com
https://www.ti.com/corp/docs/legal/termsofuse.shtml
https://www.ti.com/ja-jp
https://www.ti.com/product/ja-jp/opa2994-q1?qgpn=opa2994-q1
https://www.ti.com/ja-jp/lit/pdf/JAJSS74
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSS74&partnum=OPA2994-Q1
https://www.ti.com/product/ja-jp/opa2994-q1?qgpn=opa2994-q1
https://www.ti.com/lit/pdf/SBOSAG6

NOILVINYO4ANI 3ONVAQV

13 TEXAS

OPA2994-Q1 INSTRUMENTS
JAJSS74 — NOVEMBER 2023 www.ti.com/ja-jp
8.7 FsE

FHH R (LAY LAY T EE ZOMEEEICIT. HEERREO—ERBIOERENTHSNLTOET,

9 Revision History
DATE REVISION NOTES

November 2023 * Initial Release

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.

10.1 Tape and Reel Information
REEL DIMENSIONS TAPE DIMENSIONS

A +‘|+K0 — P1—»

oo o ole o & & T
*
& 0 &|( Bo W
Reel l

| |
Diameter
Cavity $| A0 |¢

A0 | Dimension designed to accommodate the component width

B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
2 4 W | Overall width of the carrier tape

i P1 | Pitch between successive cavity centers

t Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

o O O O OO O 0O O Sprocket Holes

| |
[ [
Q11 Q2 Q1!
| |
7777777 777T77 . .
Q3 |1 Q4 Q3 | User Direction of Feed
| w A |
T T
~
Pocket Quadrants
Reel Reel "
Device P?If;'ige Ef:ﬁg; Pins | SPQ Diameter | Width W1 | nf:]) (:&) (n'f:‘) (“'::n) (n‘:"’n) A
(mm) (mm)
OPA994QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
OPA2994QDRQ1 soIC D 8 3000 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA2994QDGKRQ1 VSSOP DGK 8 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS

Device Package Type | Package Drawing | Pins | SPQ Length (mm) | Width (mm) | Height (mm)
OPA994QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
OPA2994QDRQ1 SOIC D 8 3000 356.0 356.0 35.0
OPA2994QDGKRQ1 VSSOP DGK 8 2500 366.0 364.0 50.0
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10.2 Mechanical Data

PACKAGE OUTLINE
DBV0005A-C01 e SOT-23 - 1.25 mm max height

SMALL OUTLINE TRANSISTOR

PIN 1—
INDEX AREA

0.
5Xo3

(& Jo2@ [c]a[8]

GAGE PLANE

f

g TYPTT/L 0.6 !

0 — o3 TYP SEATING PLANE

4225267/A 08/2019

NOTES:

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

2. This drawing is subject to change without notice.

3. Refernce JEDEC MO-178.

4. Body dimensions do not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.
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EXAMPLE BOARD LAYOUT

FE

3

DBV0005A-C01 SOT-23 - 1.25 mm max height
SMALL OUTLINE TRANSISTOR
PKG
—= BX(1.1) e %
1
THREI 5
5X (0.6) ﬂfﬂf*ffﬁ fffff —-t—-—-
R ==
T e e S R
2X (0.95) | |
[ f -
|

EXPOSED METAL

(R0.05) TYP /

SOLDER MASK
OPENING \

SOLDER MASK
METAL UNDER
METAL METAL U MASK\ /oPENING

PEr . A \\

/ :

EXPOSED METAL \ |

»‘ L0.07 MAX *H‘* 0.07 MIN
ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X

SOLDER MASK DETAILS

4225267/A 08/2019

NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DBV0005A-C01 SOT-23 - 1.25 mm max height
SMALL OUTLINE TRANSISTOR
PKG
= BX(1.1) = ¢
i
5X (0.6) —— + — ———Jﬁ— -—-
e RSN
SYMM
terL(E (1.9)
2X(0.95) | | i
S ==
|

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

4225267/A 08/2019

NOTES: (continued)

7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
8. Board assembly site may have different recommendations for stencil design.
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DO008A

PACKAGE OUTLINE
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

e 228-244 TYP
[5.80-6.19]

PIN 1 ID AREA

189-.197
[4.81-5.00] 2
NOTE 3
4 1
150-.157 —J [0.31-0.51]
3.81-3.98
381299 [ [.010[0.25/@ [C]A]B]
e
// -
, \\

\1 .005-010 TYP
/LJ [0.13-0.25]
Zx“,/ 4x<o°-15")ﬂﬁ/L 7
SEE DETAILA

4X (0°-15°

[~

]

|
.069 MAX L

[1.75]

.016-.050
[0.41-1.27]

(.041)
[1.04]

t .004-.010
[0.11-0.25]

DETAILA
TYPICAL

4214825/C 02/2019

NOTES:

-

Dimensioning and tolerancing per ASME Y14.5M.
This drawing is subject to change without notice.

exceed .006 [0.15] per side.
This dimension does not include interlead flash.
Reference JEDEC registration MS-012, variation AA.

ar Wb

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.

This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

i3 TEXAS
INSTRUMENTS
www.ti.com

Copyright © 2023 Texas Instruments Incorporated BN T 37 —F

Product Folder Links: OPA2994-Q1

P (ZEECBI ADY) #5427

English Data Sheet: SBOSAG6

ADVANCE INFORMATION


https://www.ti.com/ja-jp
https://www.ti.com/product/ja-jp/opa2994-q1?qgpn=opa2994-q1
https://www.ti.com/ja-jp/lit/pdf/JAJSS74
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSS74&partnum=OPA2994-Q1
https://www.ti.com/product/ja-jp/opa2994-q1?qgpn=opa2994-q1
https://www.ti.com/lit/pdf/SBOSAG6

NOILVINYOANI 3ONVAQV

OPA2994-Q1
JAJSS74 — NOVEMBER 2023

13 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

EXAMPLE BOARD LAYOUT

DO00SA SOIC - 1.75 mm max height
SMALL OUTLINE INTEGRATED CIRCUIT
8X (061 )
(1581 SYMM SEE
] ¢ DETAILS
. :
|
8X (.024) 1
[0.6] SYMM
-, _= ¢
‘ ‘ © TS (RO02 ) TYP
—=3 (1 b
i |
6X (.050 ) | |
(127]
e (i52314? — ™
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X
SOLDER MASK SOLDER MASK
METAL / OPENING oPENING‘\ SOLDER MASK
. \
EXPOSED - 1
EXPOSED e =
METAL # L METAL J
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

DO0008A

SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55]

[0.6]

6X (.050 ) —
[1.27]

e
8X (.024) i C;j
SYMM
7777777 | s
| w | = (R002 ) TYP

—EE | O b

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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PACKAGE OUTLINE
DGKO0008A VSSOP - 1.1 mm max height
SMALL OUTLINE PACKAGE

e |

/—PIN 1 INDEX AREA

]

]
—
NOTE 3 |:
— =

/ - \ 023
aw et
\u\__)_./‘.&SEE DETAIL A

s [ ox[oss]
| :jT
T — | 2X

20

5 0.38
8X .25
D MY [ARENERG

.l

GAGE PLANE

1.1 MAX

I
------ =y

07 L L 0.15
0.4 0.05

DETAIL A
TYPICAL

4214862/A 04/2023

NOTES:

-

per ASME Y 14.5M.
This drawing is subject to change without notice.

w N

exceed 0.15 mm per side.

SE

Reference JEDEC registration MO-187.

PowerPAD is a trademark of Texas Instruments.

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.
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DGKO0008A

EXAMPLE BOARD LAYOUT
" VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

j dT (R0.05) TYP
L KI/

SEE DETAILS

SOLDER MASK: METAL METAL UNDER SOLDER MASK
OPENING  \ SOLDER MASK‘\ /  OPENING
. i
EXPOSED METAL- ‘ .\_/MEXPOSED METAL
0.05 MAX *“i 0.05 MIN
ALL AROUND ALL AROUND
NON-SOLDER MASK
DEFINED SOBEEE\"EASSK
(PREFERRED)

(44) \

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 15X

SOLDER MASK DETAILS

4214862/A 04/2023

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.

8. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.

9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
DGKO0008A " VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

SYMM
¢
| (R0.05) TYP
1
|
SYMM
___________ e __ I—= ¢
|
1
|
1
|
| I
I
| | |
i (4.4) 1

SOLDER PASTE EXAMPLE
SCALE: 15X

4214862/A 04/2023

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
12. Board assembly site may have different recommendations for stencil design.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
POPA2994QDRQ1 ACTIVE SOIC D 8 3000 TBD Call Tl Call T -40to 125

@ 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.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® 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.

© Lead finish/Ball material - Orderable Devices 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.

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 TI 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.

OTHER QUALIFIED VERSIONS OF OPA2994-Q1 :
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