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Micropower 50 mA Ultra Low-Dropout Adjustable Voltage
Regulator in SOT-23
General Description
The LP2980-ADJ is a 50 mA adjustable voltage regulator de-
signed to provide ultra low dropout in battery powered appli-
cations.

Using an optimized VIP® (vertically Integrated PNP) process,
the LP2980-ADJ delivers unequalled performance in all spec-
ifications critical to battery-powered designs:

Adjustable Output: output voltage can be set from 1.23V to
15V.

Precision Reference: 1.0% tolerance.

Dropout Voltage: typically 120 mV @ 50 mA load, and 7 mV
@ 1 mA load.

Ground Pin Current: typically 320 µA @ 50 mA load, and 80
µA @ 1 mA load.

Sleep Mode: less than 1 μA quiescent current when on/off
pin is pulled low.

Smallest Possible Size: SOT-23 package uses minimum
board space.

Features
■ Ultra low dropout voltage

■ Output adjusts from 1.23V to 15V

■ Guaranteed 50 mA output current

■ Uses tiny SOT-23 package

■ Requires few external components

■ <1 μA quiescent current when shutdown

■ Low ground pin current at all loads

■ High peak current capability (150 mA typical)

■ Wide supply voltage range (2.5V–16V)

■ Overtemperature/overcurrent protection

■ −40°C to +125°C Junction temperature range

Applications
■ Cellular Phone

■ Palmtop/Laptop Computer

■ Camcorder, Personal Stereo, Camera

Block Diagram

10000101

VIP® is a registered trademark of National Semiconductor Corporation.
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Connection Diagram

5-Lead Small Outline Package (SOT-23)

10000102

Top View
See NS Package Number MF05A

 

Pin Descriptions

Name
Pin

Number
Function

VIN 1 Input Voltage

GND 2 Common Ground (device substrate)

ON/OFF 3 Logic high enable pin

ADJ 4 Output voltage feedback pin

VOUT 5 Regulated output voltage

  

Ordering Information

TABLE 1. Package Marking and Ordering Information

Grade
Order

Information

Package

Marking
Supplied as

STD
LP2980IM5X-ADJ L06B 3000 Units on Tape and Reel

LP2980IM5-ADJ L06B 1000 Units on Tape and Reel

For fixed output voltage versions, see LP2980 and LP2980LV datasheets.
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Storage Temperature Range −65 to +150°C

Operating Junction Temperature
Range

−40 to +125°C

Lead Temp. (Soldering, 5 seconds) 260°C

ESD Rating (Note 2) 2 kV

Power Dissipation (Note 3) Internally Limited

Input Supply Voltage (Survival) −0.3V to +16V

Input Supply Voltage (Operating) 2.5V to +16V

Shutdown Input Voltage (Survival) −0.3V to +16V

Output Voltage (Survival) (Note 4) −0.3V to 16V

IOUT (Survival) Short Circuit Protected

Input-Output Voltage (Survival)
(Note 5)

−0.3V to 16V

Electrical Characteristics
Limits in standard typeface are for TJ = 25°C, and limits in boldface type apply over the full operating temperature range. Unless

otherwise specified: VIN = 4.3V, VOUT = 3.3V, IL = 1 mA, CIN = 1 μF, COUT = 2.2 μF, VON/OFF = 2V.

Symbol Parameter Conditions Typ
LP2980I-ADJ (Note 6)

Units
Min Max

VREF Reference Voltage  1.225 1.213 1.237 V

1 mA < IL < 50 mA

VOUT + 1 ≤ VIN ≤ 16V

1.225 1.206

1.182

1.243

1.268
 

Reference Voltage Line

Regulation
2.5V ≤ VIN ≤ 16V 3  6.0

15.0 mV

VIN–VO Dropout Voltage (Note 7) IL = 0 1  3

5

mV

IL = 1 mA 7  10

15

IL = 10 mA 40  60

90

IL = 50 mA 120  150

225

IGND Ground Pin Current IL = 0 60  95

125

μA

IL = 1 mA 80  110

170

IL = 10 mA 120  220

460

IL = 50 mA 320  600

1200

VON/OFF < 0.18V 0.01  1

IADJ ADJ Pin Bias Current 1 mA ≤ IL ≤ 50 mA 150  350 nA

VON/OFF ON/OFF Input Voltage

(Note 8)

High = O/P ON 1.4 1.6  
V

Low = O/P OFF 0.55  0.18

ION/OFF ON/OFF Input Current VON/OFF = 0 0.01  −1
μA

VON/OFF = 5V 5  15

IO(PK) Peak Output Current VOUT ≥ VO(NOM) − 5% 150 100  mA

en Output Noise Voltage (RMS) BW = 300 Hz to 50 kHz,

COUT = 10 μF

160   
μV

Ripple Rejection f = 1 kHz

COUT = 10 μF

68   
dB

IO(MAX) Short Circuit Current RL = 0 (Steady State)

(Note 9)

150   
mA

3 www.national.com
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Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the
device outside of its rated operating conditions.

Note 2: The ESD rating of pins 3 and 4 is 1 kV.

Note 3: The maximum allowable power dissipation is a function of the maximum junction temperature, TJ(MAX), the junction-to-ambient thermal resistance, θJ-

A, and the ambient temperature, TA. The maximum allowable power dissipation at any ambient temperature is calculated using:

The value of θJ-A for the SOT-23 package is 300°C/W. Exceeding the maximum allowable power dissipation will cause excessive die temperature, and the regulator
will go into thermal shutdown.

Note 4: If used in a dual-supply system where the regulator load is returned to a negative supply, the LP2980-ADJ output must be diode-clamped to ground.

Note 5: The output PNP structure contains a diode between the VIN and VOUT terminals that is normally reverse-biased. Reversing the polarity from VIN to
VOUT will turn on this diode (see Application Hints).

Note 6: Limits are 100% production tested at 25°C. Limits over the operating temperature range are guaranteed through correlation using Statistical Quality
Control (SQC) methods. The limits are used to calculate National's Average Outgoing Quality Level (AOQL).

Note 7: Dropout voltage is defined as the input to output differential at which the output voltage drops 100 mV below the value measured with a 1V differential.

Note 8: The ON/OFF input must be properly driven to prevent possible misoperation. For details, refer to Application Hints.

Note 9: See Typical Performance Characteristics curves.

  

Typical Application Circuit

10000103

*ON/OFF INPUT MUST BE ACTIVELY TERMINATED. TIE TO VIN IF THIS FUNCTION IS NOT TO BE USED.

**MINIMUM CAPACITANCE IS SHOWN TO ENSURE STABILITY OVER FULL LOAD CURRENT RANGE (SEE APPLICATION HINTS).
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Typical Performance Characteristics Unless otherwise specified: TA = 25°C, VIN = VO(NOM) + 1V,

IL = 1 mA, ON/OFF pin tied to VIN, RADJ = 86.6k, and test circuit is as shown in Basic Application Circuit.

Output Voltage vs. Temperature

10000105

Dropout Characteristics

10000106

Dropout Voltage vs. Temperature

10000107

Dropout Voltage vs. Load Current

10000108

Ground Pin Current vs. Temperature

10000109

Ground Pin Current vs. Load Current

10000110
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Input Current vs. VIN

10000111

Load Transient Response

10000112

Line Transient Response

10000113

Short Circuit Current

10000114

Short Circuit Current

10000115

Load Regulation

10000116
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ADJ Pin Bias Current vs. Load Current

10000117

ADJ Pin Bias Current vs. Temperature

10000118

ON/OFF Threshold vs.Temperature

10000119

Output Noise Density

10000120

Ripple Rejection

10000121
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Application Hints

EXTERNAL CAPACITORS

Like any low-dropout regulator, the external capacitors must
be selected carefully to assure regulator loop stability.

INPUT CAPACITOR: An input capacitor whose value is
≥1  μF is required (the amount of capacitance may be in-
creased without limit).

Any good quality Tantalum or Ceramic capacitor may be used
here. The capacitor must be located not more than 0.5″ from
the input pin and returned to a clean analog ground.

OUTPUT CAPACITOR: The output capacitor must meet both
the requirement for minimum amount of capacitance and
E.S.R. (Equivalent Series Resistance) for stable operation.

Curves are provided below which show the allowable ESR of
the output capacitor as a function of load current for both
2.2  μF and 4.7 μF. A solid Tantalum capacitor is the best
choice for the output.

10000122

FIGURE 1. 2.2 μF ESR Curves

10000123

FIGURE 2. 4.7 μF ESR Curves

IMPORTANT: The output capacitor must maintain its ESR in
the stable region over the full operating temperature range to
assure stability. Also, capacitor tolerance and variation with
temperature must be considered to assure the minimum
amount of capacitance is provided at all times.

Note that this capacitor must be located not more than 0.5”
from the output pin and returned to a clean analog ground.

FEED-FORWARD CAPACITOR: A 7 pF feed-forward ca-
pacitor is required (see Basic Application Circuit). The func-
tion of this capacitor is to provide the lead compensation
necessary for loop stability.

A temperature-stable ceramic capacitor (type NPO or COG)
should be used here.

CAPACITOR CHARACTERISTICS

TANTALUM: The best capacitor choice for the LP2980-ADJ
output is solid Tantalum. The ESR of a good quality Tantalum
is almost perfectly centered in the middle of the “stable” range
of the ESR curve (about 0.5Ω–1Ω).
The temperature stability of Tantalums is typically very good,
with a total variation of only about 2:1 over the temperature
range of −40°C to +125°C (ESR increases at colder temper-
atures).

Off-brand capacitors should be avoided, as some poor quality
Tantalums are seen with ESR's > 10Ω, and this usually caus-
es oscillation problems.

One caution about Tantalums if they are used on the input:
the ESR of a Tantalum is low enough that it can be destroyed
by surge current if powered up from a low impedance source
(like a battery) that has no limit on inrush current. In these
cases, use a ceramic input capacitor which does not have this
problem.

CERAMIC: Ceramics are generally larger and more costly
than Tantalums for a given amount of capacitance. Also, they
have a very low ESR which is quite stable with temperature.

Be warned that the ESR of a ceramic capacitor is typically low
enough to make an LDO oscillate: a 2.2 μF ceramic demon-
strated an ESR of about 15 mΩ when tested. If used as an
output capacitor, this will cause instability (see ESR Curves).

If a ceramic is used on the output of an LDO, a small resis-
tance (about 1Ω) should be placed in series with the capaci-
tor. If it is used as an input capacitor, no resistor is needed as
there is no requirement for ESR on capacitors used on the
input.

EXTERNAL RESISTORS

The output voltage is set using two external resistors (see
Basic Application Circuit). It is recommended that the resistor
from the ADJ pin to ground be 51.1 kΩ.
The other resistor (RADJ) which connects between VOUT and
the ADJ pin is selected to set VOUT as given by the formula:

VOUT = VREF + (VREF x (RADJ / 51.1 kΩ))

www.national.com 8
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REVERSE CURRENT PATH

The PNP power transistor used as the pass element in the
LP2980-ADJ has an inherent diode connected between the
regulator output and input. During normal operation (where
the input voltage is higher than the output) this diode is re-
verse biased (See Figure 3).

10000124

FIGURE 3. LP2980–ADJ Reverse Current Path

However, if the input voltage is more than a VBEbelow the
output voltage, this diode will turn ON and current will flow into
the regulator output. In such cases, a parasitic SCR can latch
which will allow a high current to flow into the VIN pin and out
the ground pin, which can damage the part.

The internal diode can also be turned on if the input voltage
is abruptly stepped down to a voltage which is a VBE below
the output voltage.

In any application where the output may be pulled above the
input, an external Schottky diode must be connected from
VIN to VOUT (cathode on VIN, anode on VOUT. See Figure 4),
to limit the reverse voltage across the LP2980-ADJ to 0.3V
(see Absolute Maximum Ratings).

10000125

FIGURE 4. Adding External Schottky Diode Protection

ON/OFF INPUT OPERATION

The LP2980-ADJ is shut off by driving the ON/OFF input low,
and turned on by pulling the ON/OFF input high. If this feature
is not to be used, the ON/OFF input must be tied to VIN to keep
the regulator output on at all times (the ON/OFF input must
not be left floating).

To ensure proper operation, the signal source used to drive
the ON/OFF input must be able to swing above and below the
specified turn-on/turn-off voltage thresholds which guarantee
an ON or OFF state (see Electrical Characteristics).

It is also important that the turn-on (and turn-off) voltage sig-
nals applied to the ON/OFF input have a slew rate which is
greater than 40 mV/μs.

IMPORTANT: The ON/OFF function will not operate correctly
if a slow-moving signal is used to drive the ON/OFF input.

9 www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted

5-Lead Small Outline Package (M5)
NS Package Number MF05A
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Notes
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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:
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DSP dsp.ti.com Industrial www.ti.com/industrial
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