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Negative Low Dropout Adjustable Regulator
General Description
The LM2991 is a low dropout adjustable negative regulator
with a output voltage range between −2V to −25V. The
LM2991 provides up to 1A of load current and features a
On /Off pin for remote shutdown capability.

The LM2991 uses new circuit design techniques to provide a
low dropout voltage, low quiescent current and low tempera-
ture coefficient precision reference. The dropout voltage at 1A
load current is typically 0.6V and a guaranteed worst-case
maximum of 1V over the entire operating temperature range.
The quiescent current is typically 1 mA with a 1A load current
and an input-output voltage differential greater than 3V. A
unique circuit design of the internal bias supply limits the qui-
escent current to only 9 mA (typical) when the regulator is in
the dropout mode (VO − VI ≤ 3V).

The LM2991 is short-circuit proof, and thermal shutdown in-
cludes hysteresis to enhance the reliability of the device when
inadvertently overloaded for extended periods.

Features
■ Output voltage adjustable from −2V to −25V

■ Output current in excess of 1A

■ Dropout voltage typically 0.6V at 1A load

■ Low quiescent current

■ Internal short circuit current limit

■ Internal thermal shutdown with hysteresis

■ TTL, CMOS compatible ON/OFF switch

■ Functional complement to the LM2941 series

Applications
■ Post switcher regulator

■ Local, on-card, regulation

■ Battery operated equipment

Ordering Information

NS Part Number SMD Part Number NS Package Number Package Description

LM2991GW-QML 5962-9650502QXA WG16A 16LD Ceramic SOIC

Connection Diagrams

16-Lead Ceramic Surface-Mount Package

20158730

Top View
See NS Package Number WG16A
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Equivalent Schematic
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Absolute Maximum Ratings (Note 1)

Input Voltage −26V to +0.3V

Power Dissipation (Note 2) Internally limited

Junction Temperature (TJmax) 150°C

Storage Temperature Range −65°C ≤ TA ≤ +150°C

Thermal Resistance  

 θJA
 

  Ceramic SOIC (Still Air @ 0.5°C/W) "GW” 130°C/W

  Ceramic SOIC (500LF/Min Air flow @ 0.5°C/W) “GW” 80°C/W

 θJC
 

  Ceramic SOIC “GW” 6°C/W

Package Weight “GW” 410mg

Lead Temperature (Soldering, 10 sec.) 260°C

ESD Susceptibility (Note 4) 1,500V

Recommended Operating Conditions (Note 1)

Operating Temperature Range (TA) −55°C ≤ TA ≤ +125°C

Maximum Input Voltage (Operational) −26V

Quality Conformance Inspection
Mil-Std-883, Method 5005 - Group A

Subgroup Description Temp °C

1 Static tests at +25

2 Static tests at +125

3 Static tests at -55

4 Dynamic tests at +25

5 Dynamic tests at +125

6 Dynamic tests at -55

7 Functional tests at +25

8A Functional tests at +125

8B Functional tests at -55

9 Switching tests at +25

10 Switching tests at +125

11 Switching tests at -55

12 Settling time at +25

13 Settling time at +125

14 Settling time at -55
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LM2991 Electrical Characteristics

DC Parameters
The following conditions apply, unless otherwise specified.

DC:  VI = −10V, VO = −3V, IO = 1A, CO = 47µF, RL = 2.7KΩ

Symbol Parameter Conditions Notes Min Max Units
Sub-

groups

VRef Reference Voltage 5mA ≤ IO ≤ 1A  -1.23

4

-1.18

6

V 1

5mA ≤ IO ≤ 1A,

VO - 1V ≥ VI ≥ -26V

 -1.27 -1.15 V 2, 3

VO Output Voltage Range   -3.0 V 1

VI = -26V  -24 V 1

 -25 V 2, 3

VRLine Line Regulation IO = 5mA, VO - 1V ≥ VI ≥ -26V  -26 +26 mV 1, 2, 3

VRLoad Load Regulation 50mA ≤ IO ≤ 1A  -12 +12 mV 1

 -15 +15 mV 2, 3

VDO Dropout Voltage IO = 0.1A, ΔVO ≤ 100mV  0.2 V 1

 0.3 V 2, 3

IO = 1A, ΔVO ≤ 100mV  0.8 V 1

 1.0 V 2, 3

IQ Quiescent Current IO ≤ 1A  5.0 mA 1, 2, 3

 Dropout Quiescent Current VI = VO, IO ≤ 1A  50 mA 1, 2, 3

VON Output Noise 10Hz - 100KHz, IO = 5mA  450 µV 1

 500 µV 2, 3

 ON/OFF Input Voltage VO : ON  0.6 V 1, 2, 3

VO : OFF  2.4 V 1, 2, 3

 ON/OFF Input Current VON/OFF = 0.6V (VO : ON)  10 µA 1

 25 µA 2, 3

VON/OFF = 2.4V (VO : OFF)  100 µA 1

 150 µA 2, 3

IL Output Leakage Current VI = -26V, VON/OFF = 2.4V,

VO = 0V

 250 µA 1

 300 µA 2, 3

ILimit Current Limit VO = 0V  1.5 2.5 A 1

 1.0 4.0 A 2, 3

AC Parameters
The following conditions apply, unless otherwise specified.

AC:  VI = −10V, VO = −3V, IO = 1A, CO = 47µF, RL = 2.7KΩ

Symbol Parameter Conditions Notes Min Max Units
Sub-

groups

RR Ripple Rejection VRipple = 1VRMS, FRipple = 1KHz,

IO = 5mA

 50  dB 1
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DC Drift Parameters
The following conditions apply, unless otherwise specified.

DC:  VI = −10V, VO = −3V, IO = 1A, CO = 47µF, RL = 2.7KΩ

Deltas not required on B−Level product. Deltas required for S−Level product ONLY.

Symbol Parameter Conditions Notes Min Max Units
Sub-

groups

VRef Reference Voltage 5mA ≤ IO ≤ 1A  ±20 mV 1

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test
conditions.

Note 2: The maximum power dissipation must be derated at elevated temperatures and is dictated by TJmax (maximum junction temperature), θJA (package
junction to ambient thermal resistance), and TA (ambient temperature). The maximum allowable power dissipation at any temperature is PDmax = (TJmax - TA)/
θJA or the number given in the Absolute Maximum Ratings, whichever is lower.

Note 3: The package material for these devices allows much improved heat transfer over our standard ceramic packages. In order to take full advantage of this
improved heat transfer, heat sinking must be provided between the package base (directly beneath the die), and either metal traces on, or thermal vias through,
the printed circuit board. Without this additional heat sinking, device power dissipation must be calculated using θJA, rather than θJC, thermal resistance. It must
not be assumed that the device leads will provide substantial heat transfer out the package, since the thermal resistance of the leadframe material is very poor,
relative to the material of the package base. The stated θJC thermal resistance is for the package material only, and does not account for the additional thermal
resistance between the package base and the printed circuit board. The user must determine the value of the additional thermal resistance and must combine
this with the stated value for the package, to calculate the total allowed power dissipation for the device. The user must determine the value of the additional
thermal resistance and must combine this with the stated value for the package, to calculate the total allowed power dissipation for the device.

Note 4: Human body model, 1.5 kΩ in series with 100 pF.
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Typical Performance Characteristics

Dropout Voltage

20158713

Normalized Output Voltage

20158714

Output Voltage

20158715

Output Noise Voltage

20158716

Quiescent Current

20158717

Maximum Output Current

20158718
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Line Transient Response

20158719

Load Transient Response

20158720

Maximum Output Current

20158721

Ripple Rejection

20158722

Output Impedance

20158723

ON /OFF Control Voltage

20158724
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Adjust Pin Current

20158725

Low Voltage Behavior

20158726

Application Hints

EXTERNAL CAPACITORS

Like any low-dropout regulator, external capacitors are re-
qired to stabilize the control loop. These capacitors must be
correctly selected for proper performance.

INPUT CAPACITOR

An input capacitor is required if the regulator is located more
than 6" from the input power supply filter capacitor (or if no
other input capacitor is present).

A solid Tantalum or ceramic capacitor whose value is at least
1 µF is recommended, but an aluminum electrolytic (≥ 10 µF)
may be used. However, aluminum electrolytics should not be
used in applications where the ambient temperature can drop
below 0°C because their internal impedance increases sig-
nificantly at cold temperatures.

OUTPUT CAPACITOR

The output capacitor must meet the ESR limits shown in the
graph, which means it must have an ESR between about 25
mΩ and 10Ω.
A solid Tantalum (value ≥ 1 µF) is the best choice for the
output capacitor. An aluminum electrolytic (≥ 10 µF) may be
used if the ESR is in the stable range.

It should be noted that the ESR of a typical aluminum elec-
trolytic will increase by as much as 50X as the temperature is
reduced from 25°C down to −40°C, while a Tantalum will ex-
hibit an ESR increase of about 2X over the same range. For
this and other reasons, aluminum electrolytics should not be
used in applications where low operating temperatures occur.

The lower stable ESR limit of 25 mΩ means that ceramic ca-
pacitors can not be used directly on the output of an LDO. A
ceramic (≥ 2.2 µF) can be used on the output if some external
resistance is placed in series with it (1Ω recommended). Di-
electric types X7R or X5R must be used if the temperature
range of the application varies more than ± 25°C from ambient
to assure the amount of capacitance is sufficient.

CERAMIC BYPASS CAPACITORS

Many designers place distributed ceramic capacitors whose
value is in the range of 1000 pF to 0.1 µF at the power input
pins of the IC's across a circuit board. These can cause re-
duced phase margin or oscillations in LDO regulators.

The advent of multi-layer boards with dedicated power and
ground planes has removed the trace inductance that (previ-
ously) provided the necessary "decoupling" to shield the out-
put of the LDO from the effects of bypass capacitors.

These capacitors should be avoided if possible, and kept as
far away from the LDO output as is practical.

Output Capacitor ESR Range

20158705

MINIMUM LOAD

A minimum load current of 500 μA is required for proper op-
eration. The external resistor divider can provide the minimum
load, with the resistor from the adjust pin to ground set to 2.4
kΩ.

SETTING THE OUTPUT VOLTAGE

The output voltage of the LM2991 is set externally by a re-
sistor divider using the following equation:

VOUT = VREF x (1 + R2/R1) − (IADJ x R2)

where VREF = −1.21V. The output voltage can be programmed
within the range of −3V to −24V, typically an even greater
range of −2V to −25V. The adjust pin current is about 60 nA,
causing a slight error in the output voltage. However, using
resistors lower than 100 kΩ makes the adjust pin current neg-
ligible. For example, neglecting the adjust pin current, and
setting R2 to 100 kΩ and VOUT to −5V, results in an output
voltage error of only 0.16%.

ON/OFF PIN

The LM2991 regulator can be turned off by applying a TTL or
CMOS level high signal to the ON/OFF pin (see Adjustable
Current Sink Application).

FORCING THE OUTPUT POSITIVE

Due to an internal clamp circuit, the LM2991 can withstand
positive voltages on its output. If the voltage source pulling
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the output positive is DC, the current must be limited to 1.5A.
A current over 1.5A fed back into the LM2991 could damage
the device. The LM2991 output can also withstand fast posi-
tive voltage transients up to 26V, without any current limiting

of the source. However, if the transients have a duration of
over 1 mS, the output should be clamped with a Schottky
diode to ground.

Typical Applications

20158701

VO = VRef (1 + R2/R1)

*Required if the regulator is located further than 6 inches from the power supply filter capacitors. A 1 μF solid tantalum or a 10 μF aluminum electrolytic capacitor
is recommended.

**Required for stability. Must be at least a 10 μF aluminum electrolytic or a 1 μF solid tantalum to maintain stability. May be increased without bound to maintain
regulation during transients. Locate the capacitor as close as possible to the regulator. The equivalent series resistance (ESR) is critical, and should be less than
10Ω over the same operating temperature range as the regulator.

Fully Isolated Post-Switcher Regulator

20158706
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Adjustable Current Sink

20158710
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Revision History

Released Revision Section Changes

03/10/06 A New Release, Corporate format 1 MDS data sheet converted into one Corp. data

sheet format. MNLM2991-X Rev 1A1 will be

archived.

05–Oct-2011 B Ordering Information, Absolute Maximum

Ratings

Added new 'GW' NSID and —02 SMD part number.

Added Theta JA & Theta JC as well as the weight for

the 'GW' device. LM2991QML Rev A will be archived.
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Physical Dimensions inches (millimeters) unless otherwise noted

16-Lead Ceramic Surface-Mount Package
NS Package Number WG16A
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Notes
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For more National Semiconductor product information and proven design tools, visit the following Web sites at:

www.national.com

Products Design Support

Amplifiers www.national.com/amplifiers WEBENCH® Tools www.national.com/webench

Audio www.national.com/audio App Notes www.national.com/appnotes

Clock and Timing www.national.com/timing Reference Designs www.national.com/refdesigns

Data Converters www.national.com/adc Samples www.national.com/samples

Interface www.national.com/interface Eval Boards www.national.com/evalboards

LVDS www.national.com/lvds Packaging www.national.com/packaging

Power Management www.national.com/power Green Compliance www.national.com/quality/green

  Switching Regulators www.national.com/switchers Distributors www.national.com/contacts

  LDOs www.national.com/ldo Quality and Reliability www.national.com/quality

  LED Lighting www.national.com/led Feedback/Support www.national.com/feedback

  Voltage References www.national.com/vref Design Made Easy www.national.com/easy

PowerWise® Solutions www.national.com/powerwise Applications & Markets www.national.com/solutions

Serial Digital Interface (SDI) www.national.com/sdi Mil/Aero www.national.com/milaero

Temperature Sensors www.national.com/tempsensors SolarMagic™ www.national.com/solarmagic

PLL/VCO www.national.com/wireless PowerWise® Design
University

www.national.com/training
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SPECIFICATIONS AND PRODUCT DESCRIPTIONS AT ANY TIME WITHOUT NOTICE. NO LICENSE, WHETHER EXPRESS,
IMPLIED, ARISING BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI’s standard
warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other TI intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of TI information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of TI products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. TI is not
responsible or liable for any such statements.

TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.

TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics www.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Mobile Processors www.ti.com/omap

Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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