OBSOLETE

I3 TEXAS
INSTRUMENTS

www.ti.com

LP2980-ADJEP

SNVS466B —-DECEMBER 2006—REVISED FEBRUARY 2011

LP2980-ADJEP Micropower SOT, 50 mA Ultra Low-Dropout Adjustable Voltage Regulator

Check for Samples: LP2980-ADJEP

FEATURES

e Ultra Low Dropout Voltage

e Output Adjusts From 1.23V to 15V

e Specified 50 mA Output Current

e Uses Tiny SOT Package

* Requires Few External Components

e <1 pA Quiescent Current When Shutdown

* Low Ground Pin Current at All Loads

e High Peak Current Capability (150 mA Typical)
* Wide Supply Voltage Range (2.5V-16V)

e Overtemperature/Overcurrent Protection

APPLICATIONS

» Selected Military Applications
» Selected Avionics Applications

Connection Diagram

DESCRIPTION

The LP2980-ADJEP is a 50 mA adjustable voltage
regulator designed to provide ultra low dropout in
battery powered applications.

Using an optimized VIP™ (vertically Integrated PNP)
process, the LP2980-ADJEP delivers unequalled
performance in all specifications critical to battery-
powered designs:

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

Precision Reference: 0.75% tolerance.

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

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

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

Smallest Possible Size:
minimum board space.
ENHANCED PLASTIC

» Extended Temperature Performance of -40°C to
+125°C

» Baseline Control - Single Fab & Assembly Site
» Process Change Notification (PCN)

* Qualification & Reliability Data

e Solder (PbSn) Lead Finish is standard

* Enhanced Diminishing Manufacturing Sources
(DMS) Support

SOT package uses

5-Lead Small Outline Package

ON/
oFF

ADJ

Vout

Figure 1. Top View
See Package Number DBV

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

VIP is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Block Diagram
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ADJ O 7
CURRENT/
THERMAL
PROTECTION
2
O GND
Basic Application Circuit
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R A 5V0UT’ 1.23+ 1.23(Rppy /51, 11)
L uF == Vout
OVER CURRENT/ +
OVER TEMP Rapy 7 pF ¥*9. 2 uf
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ADJ |4 GND | 2
%51.1k

*ON/OFF INPUT MUST BE ACTIVELY TERMINATED. TIE TO Vy 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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A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings®®

Storage Temperature Range -65 to +150°C
Operating Junction Temperature Range -40 to +125°C
Lead Temp. (Soldering, 5 seconds) 260°C
ESD Rating © 2 kv
Power Dissipation ) 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) © -0.3V to 16V
louTt (Survival) Short Circuit Protected
Input-Output Voltage (Survival) © -0.3V to 16V

(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.

(2) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/Distributors for availability and
specifications.

(3) The ESD rating of pins 3 and 4 is 1 kV.

(4) The maximum allowable power dissipation is a function of the maximum junction temperature, T;(MAX), the junction-to-ambient thermal
resistance, 05, (’Tm?MtE)S aerient temperature, Ta. The maximum allowable power dissipation at any ambient temperature is calculated

P(MAX) = ———*

using: ( ) 9)-a  The value of 8.4 for the SOT package is 300°C/W. Exceeding the maximum allowable power dissipation
will cause excessive die temperature, and the regulator will go into thermal shutdown.

(5) If used in a dual-supply system where the regulator load is returned to a negative supply, the LP2980-ADJEP output must be diode-
clamped to ground.

(6) The output PNP structure contains a diode between the V|y and Vgyt terminals that is normally reverse-biased. Reversing the polarity
from V)\ to Vout will turn on this diode (see Application Hints).

Electrical Characteristics®

Limits in standard typeface are for T; = 25°C, and limits in boldface type apply over the full operating temperature range.
Unless otherwise specified: Vy = 4.3V, Vour = 3.3V, I, =1 mA, Cy =1 yF, Coyr = 2.2 YF, Voniore = 2V.

N LP2980I-ADJEP®@ )
Symbol Parameter Conditions Typ - Units
Min Max
VRer Reference Voltage 1.225 1.213 1.237 \%
1 mA<I <50 mA 1.225 1.206 1.243
Vour + 1S Vjy £ 16V 1.182 1.268
AVREF/Ale Reference V0|tage Line 2.5V < VlN <16V 3 6.0
. mV
Regulation 15.0
Vin—Vo Dropout Voltage @ IL=0 1 3
5
IL=1mA 7 10
15
mV
IL =10 mA 40 60
90
IL =50 mA 120 150
225

(1) Testing and other quality control techniques are used to the extent deemed necessary to ensure product performance over the specified
temperature range. Product may not necessarily be tested across the full temperature range and all parameters may not necessarily be
tested. In the absence of specific PARAMETRIC testing, product performance is assured by characterization and/or design.

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

(3) 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.
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Electrical Characteristics® (continued)

Limits in standard typeface are for T; = 25°C, and limits in boldface type apply over the full operating temperature range.
Unless otherwise specified: Vy = 4.3V, Vour = 3.3V, I, =1 mA, Cy =1 UF, Cour = 2.2 UF, Voniore = 2V.

N LP2980I-ADJEP®@ ]
Symbol Parameter Conditions Typ - Units
Min Max
lonD Ground Pin Current IL=0 60 95
125
IL=1mA 80 110
170
IL=10 mA 120 220 MA
460
I =50 mA 320 600
1200
Vonjorr < 0.18V 0.01 1
laDg ADJ Pin Bias Current 1mA<I <50 mA 150 350 nA
VoN/OFE 8)N/OFF Input Voltage High = O/P ON 1.4 1.6 v
Low = O/P OFF 0.55 0.18
loN/OFE ON/OFF Input Current Vonore =0 0.01 -1 A
Vowiore = 5V 5 15 "
1o(PK) Peak Output Current Vout 2 Vo(NOM) - 5% 150 100 mA
en Output Noise Voltage (RMS) BW = 300 Hz to 50 kHz, 160
— v
Cour = 10 pF
AVoyt/AViN Ripple Rejection f=1kHz 68 dB
Cour = 10 pF
1o(MAX) Short Circuit Current R, = 0 (Steady State)® 150 mA

(4) The ON/OFF input must be properly driven to prevent possible misoperation. For details, refer to Application Hints.
(5) See Typical Performance Characteristics.
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Typical Performance Characteristics

Unless otherwise specified: T, = 25°C, V|y = Vo(NOM) + 1V, I, = 1 mA, ON/OFF pin tied to V|, Rap; = 86.6k, and test circuit
is as shown in Basic Application Circuit.

Output Voltage vs. Temperature Dropout Characteristics
4
//
/
3286 rd R =3.3kQ /4
/ S 7
< 3.282 /
> ~
= / s MR =660
o —
= 3278 // 3
3.274 !
3.270 0 ,
-50-25 0 25 50 75 100 125 150 0 1 2 3 4 5
TEMPERATURE (°C) Vi (V)
Figure 2. Figure 3.
Dropout Voltage vs. Temperature Dropout Voltage vs. Load Current
175 125
150 /
— a < 100 /
z I = 50m,Al/ z /
g 100 4// S 75 /
— (= /
— —
o o
> - /
— ~ 50
3 ) 3 /
< 50 L= 10mA L g /
S et |I L=0mA = 25
|
[[=TmA /
0 o 0
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Figure 4. Figure 5.
Ground Pin Current vs. Temperature Ground Pin Current vs. Load Current
500 400
400 \ /
\Q= 50 mA 500 //
T 300 ™S =<
= N ~ 200
a — =] /
3 200 3 pd
- - L= 10mA - e
T 100 ]
100 |- LT /
—
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e . 0
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TEMPERATURE (°C) I (mA)
Figure 6. Figure 7.
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Typical Performance Characteristics (continued)

Unless otherwise specified: T, = 25°C, V|y = Vo(NOM) + 1V, I, =1 mA, ON/OFF pin tied to V|y, Rap; = 86.6k, and test circuit
is as shown in Basic Application Circuit.

Input Current vs. Viy Load Transient Response
1.6
12 //’\l R_= 3.3k 3.3V
Vout
= 20 mV/Div.
E os
= /
0.4 Vi | LoAD
25 mA/Div.
R =oco—|
/ / | WS
0 J T 0
0 1 2 3 4 5 0 20 40 60
VIN (V) TIME (/J,S)
Figure 8. Figure 9.
Line Transient Response Short Circuit Current
T T 600 —
\L-SOmA vll\‘l_1|6V
Vour 500 OUTPUT SHORTED TO
0.5V/Div. GROUND AT TIME = 0.
3.3V 400
£ 500 N
P SAYAIA
o oy 200
Vin
0.5V/Div. 100
4.3V 0
0 40 60 80 0 40 80 120
TIME (us) TIME (ms)
Figure 10. Figure 11.
Short Circuit Current Load Regulation
200 0
150 \\ —4k Vour = 2.5V
\\
_ SNIN
< Vin I: 4.3\V E \ NG Vout = 3-3V
— 100 ‘ = -8 \
2 OUTPUT SHORTED TO =2 \
GROUND AT TIME = 0. <
50 -12
™ Vout = 5V
N ouT
\. Ly
0 -16
0 1 2 3 0 10 20 30 40 50
TIME (s) I (mA)
Figure 12. Figure 13.
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Typical Performance Characteristics (continued)

Unless otherwise specified: T, = 25°C, Vy = Vo(NOM) + 1V, I, = 1 mA, ON/OFF pin tied to V,y, Rap; = 86.6k, and test circuit
is as shown in Basic Application Circuit.

ADJ Pin Bias Current vs. Load Current ADJ Pin Bias Current vs. Temperature
160 \
| "] \ [L=10mA
— 180
/
L~
120 /‘
- / -
e I/ I 140 \
80 3 \
s |/ E \\
100 \
40/ \\
\\
0 60
0 10 20 30 40 50 -50 -25 0 25 50 75 100 125 150
I (mA) TEMPERATURE (°C)
Figure 14. Figure 15.
ON/OFF Threshold vs.Temperature Output Noise Density
1.75 — 10 ———
OUTPUT IS ON [] rL=50mh, Cour=10 uFq
1.50 H 1
. - Vour =3V ]
>
o 1 o~ 1 e ‘\i
&8 VOLTAGES IN THIS REGION & ™ N
= 1.00 | —MAY CAUSE MIS-OPERATION I ) A
> E TN
z ~‘L = N TN\
— Ly = =
& N 3 gt PO / \
£ 0.50 e 1= 1mA, Coyr=2.2 pFd \
< OUTPUT 1S OFF | R
— —
= = |
0 0.01 |||- ?OWA’l Cour |2'2|p'F|:
-50 -25 0 25 50 75 100 125 150 100 1k 10k 100k
TEMPERATURE (°C) FREQUENCY (Hz)
Figure 16. Figure 17.
Ripple Rejection
80 T
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o
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e out = 19 HE T NPT A
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o
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Figure 18.
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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 =21 uF is required (the amount of capacitance may be
increased 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 yF and 4.7 pF. A solid Tantalum capacitor is the best choice for the output.

100

. Cour = 2.2 UF_|
o Rypy = 86.6K—]
N Cr=7PF
N
10 ~—
G
= 1 STABLE REGION
a S
N
~—]
0.1 —
0.01
0 10 20 30 40 50

LOAD CURRENT (mA)

Figure 19. 2.2 yF ESR Curves

100

\ Cour = 4.7 uf_|
Rypy = 86.6K—]
Cr=7PF—

A

STABLE REGION

ESR (Q)

0.1 K

0 10 20 30 40 50

LOAD CURRENT (mA)

Figure 20. 4.7 yF 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 capacitor is required (see Basic Application Circuit). The
function of this capacitor is to provide the lead compensation necessary for loop stability.
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A temperature-stable ceramic capacitor (type NPO or COG) should be used here.

Capacitor Characteristics

TANTALUM: The best capacitor choice for the LP2980-ADJEP 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
0.50-10Q).

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 temperatures).

Off-brand capacitors should be avoided, as some poor quality Tantalums are seen with ESR's > 10Q, and this
usually causes 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 pyF
ceramic demonstrated an ESR of about 15 mQ when tested. If used as an output capacitor, this will cause
instability (see Figure 19 and Figure 20).

If a ceramic is used on the output of an LDO, a small resistance (about 1Q) should be placed in series with the
capacitor. 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 51.1k.

The other resistor (Rapj) Which connects between Vgt and the ADJ pin is selected to set Vqyt as given by the
formula:

Vour = 1.23 + 1.23 (Rap,/51.1K) @)

Reverse Current Path

The power transistor used in the LP2980-ADJEP has an inherent diode connected between the input and output
pin (see below).

LP2980-ADJ

DIODE

Vin O— —O Vour

INTERNAL DIODE

If the output is forced above the input by more than a Vgg, this diode will become forward biased and current will
flow into the output pin and out the input pin. This current must be limited to < 100 mA to prevent damage to the
part.

The internal diode can also be turned on if the input voltage is abruptly stepped down to a voltage which is a Vge
below the output voltage. To prevent mis-operation, an external Schottky diode (see below) must be used in
applications where the internal diode may be turned on.

Since the external Schottky diode turns on at a lower voltage than the internal diode, the Schottky conducts all of
the current and prevents the internal diode from becoming forward biased.
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SCHOTTKY DIODE

¢

O Vour

PROTECTION DIODE

ON/OFF Input Operation

The LP2980-ADJEP 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 V,\ 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 ensure an ON or OFF state (see Electrical
Characteristics).

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

IMPORTANT: The shutdown function will not operate correctly if a slow-moving signal is used to drive the S/D
input.
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MECHANICAL DATA

DBV (R—PDSO—G5)

PLASTIC SMALL—-OUTLINE PACKAGE

(=}
o
oo

4073253-4/K 03/2006

0,50
0,95 W rfjxoso [4]0,20 @]
5
H f 0,22
1,45 2,60 l
i alli= HJ 1
Index Area 1 3
Gage Plane
3,05
2,75
— 1,45 MAX
Seating Plane ¢ \ ) ‘
01> | 0,10 j
0.00
NOTES: All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Falls within JEDEC MO-178 Variation AA.

A

B.

C. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.
D
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

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

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video
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