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General Description

The LM4130 family of precision voltage references performs
comparable to the best laser-trimmed bipolar references, but
in cost effective CMOS technology. Key to this break through
is the use of EEPROM registers for correction of curvature,
tempco, and accuracy on a CMOS bandgap architecture that
allows package level programming to overcome assembly
shift. The shifts in voltage accuracy and tempco during as-
sembly of die into plastic packages limit the accuracy of
references trimmed with laser techniques.

Unlike other LDO references, the LM4130 requires no output
capacitor. Neither is a buffer amplifier required, even with
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m High output voltage accuracy 0.05%
m Low Temperature Coefficient 10 ppm/°C
m  Stable with capacitive loads to 100pF

= Low dropout voltage <275mV @ 10 mA
m Supply Current <75 pA
m Full accuracy —40°C to 85°C
m Extended operation to 125°C

m Excellent load and line regulation

m Output current 20 mA
m Output impedanc <1Q
m Voltage option 2.500V and 4.096V
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*Optional, Recommended for improved transient response and
input noise reduction.
(See Application Information)

loads up to 20mA. These advantages and the SOT23 pack- Applica' NS mrnary
aging are important for cost-critical and space-critical appli- , N .
cations. m Portab ary powered equipment
Series references provide lower power consumption than = Instrd “‘_m“ id process control
shunt references, since they don't have to idle the maximum ® Autornotive & Industrial
possible load current under no load conditions. This advan- u st equipment
tage, the low quiescent current (75pA), and the low dropout g squisition systems
voItage(275mV) make the LM4130 ideal for battery-powered = Prec Julators
solutions. Baft
The LM4130 is available in five grades (A, B, C, Dand E) for | o ey chargers
greater flexibility. The best grade devices (A) have an initial Base ciations
accuracy of 0.05% with guaranteed temperature coefficie K nunications
10ppm/°C or less, while the lowest grade parts (E) have ¢ ~  Medical equipment
initial accuracy of 0.5% and a tempco of 30ppm/°C Servo systems
Features
m Small SOT23-5 package
Connection Diagram and Pin Configuration
Input
sl e BEs
2t L,
14130 $ SOT23 5
g GNDf 2 (Top View)
3 1
—{ n~e NC f—
GND NC | 3 ZI N

Refer to the Ordering Information Table in this Data Sheet for Specific Part
Number

10104602

S0T23-5 Surface Mount Package
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LM4130

Ordering Information
Industrial Temperature Range (-40°C to + 85°C)

Initial Output Voltage Accuracy at 25°C |LM4130 Supplied as 1000 | LM4130 Supplied as 3000 Part Markin
And Temperature Coefficient Units, Tape and Reel Units, Tape and Reel 9
LM4130AIM5-2.5 LM4130AIM5X-2.5 RO3A
0.05%, 10 ppm/°C max (A grade)
LM4130AIM5-4.1 LM4130AIM5X-4.1 RO4A
LM4130BIM5-2.5 LM4130BIM5X-2.5 RO3B
0.2%, 10 ppm/°C max (B grade)
LM4130BIM5-4.1 LM4130BIM5X-4.1 R04B
LM4130CIM5-2.5 LM4130CIM5X-2.5 R0O3C
0.1%, 20 ppm/°C max (C grade)
LM4130CIM5-4.1 LM4130CIM5X-4.1 R04C
LM4130DIM5-2.5 LM4130DIM5X-2.5 RO3D
0.4%, 20 ppm/°C max (D grade)
LM4130DIM5-4.1 LM4130DIM5X-4.1 R04D
LM4130EIM5-2.5 LM4130EIM5X-2.5 RO3E
0.5%, 30 ppm/°C max (E grade) -
LM4130EIM5-4.1 LM4130EIM5X-4.1 RO4E

S0T23-5 Package Marking Information
Only four fields of marking are possible on the SOT23-5's small surface. This 1

e gives th aning of the four fields.

Field Information

First Field:
R = Reference
Second and Third Field:

04 = 4.096V Voltage Opt
Fourth Field:

A-E = Initial Reference V

A = £0.05%, 10ppm/°C

B = +0.2%, 10ppm/°C

C = +0.1%, 20ppm/°C

D = +0.4%, 20ppm/°C

E = +0.5%, 30ppm

03 = 2.50V Voltage Option

ion

oltage Toleraric d

>mperature Coefficient
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Absolute Maximum Ratings (vote 1)

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

Maximum Voltage on any Input —-0.3V to 6V
Output Short-Circuit Duration Indefinite
Power Dissipation (T, = 25°C) 350 mW
(Note 2)
ESD Susceptibility (Note 3)
Human Body Model 2 kv

LM4130-2.500

Machine Model

Lead Temperature:
Soldering, (10 sec.)
Vapor Phase (60 sec.)
Infrared (15 sec.)

Operating Range (note 1)

Storage Temperature Range
Operating Temperature Range

Electrical Characteristics

Unless otherwise specified Vo = 5V, I gpp = 0 T, = 25°C. Limits with standard typefac

type apply over the operating temperature range.

wre for T, = 25°C, and limits in boldface

200V

+260°C
+215°C
+220°C

-65°C to +150°C
-40°C to +85°C

Symbol Parameter Conditions | ( I\;o o l y t: ol N'\g;x 5 Units
VRer Output Voltage Initial %
Accuracy
LM4130A-2.500 +0.05
LM4130B-2.500 +0.2
LM4130C-2.500 +0.1
LM4130D-2.500 +0.4
LM4130E-2.500 +0.5
TCVgee/°C Temperature Coefficient ppm/°C
(Note 6) LM4130A, B 0°C < T, < +85°C 10
-40°C = T, = K 20
LM4130C, D 20
LM4130E 30
AVgee/AV Line Regulation I Fu ppm/V
RE mV <V, <55V 30 100
ner + 400 mV SV <55V 150
AVgee/Al opp Load Regulation 0MA = | oap S 20 MA 25 60 ppm/mA
) 80
Long-Term Stability ( r' ) Hrs 50
AViger 'I7')h— D ppm
ermal Hysiciesic -40°C £ T, £ +125°C 50
(Note 8)
VN - VRer Dropout Vo lLoap = 10 MA 275 mV
(Note 9) 400
Vy Output Noise Voltage 0.1 Hzto 10 Hz 150 uVpp
Is Supply Current 50 75 pA
90
Isc Short Circuit Current 30 60 mA
65 mA

3
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LM4130

LM4130-4.096
Electrical Characteristics

Unless otherwise specified Voo = 5.0V, | opp = 0 T, = 25°C. Limits with standard typeface are for T, = 25°C, and limits in boldface
type apply over the operating temperature range.

- Min T Max .
Symbol Parameter Conditions (Note 5 | ( No¥: 2 | (Note 5 Units
VRer Output Voltage Initial %
Accuracy
LM4130-4.096A +0.05
LM4130-4.096B +0.2
LM4130-4.096C +0.1
LM4130-4.096D +0.4
LM4130-4.096E +0.5
TCVgee/°C Temperature Coefficient ppm/°C
(Note 6) LM4130A, B 0°C < T, < +85°C 10
~40°C £ T, < +85°C 20
LM4130C, D 20
LM4130E 30
AVgee/AV Line Regulation I oap = 100pA
Vigr + 500 mV SV, S 5.5V 75 250 ppm/V
400
AVgee/Al opp Load Regulation 0 mA < |, oap S 20 MA 16 60 ppm/mA
80
Long-Term Stability (Note |1000 Hrs 50
AVigee 'I7')h : _ ppm
ermal Hysteresis —40°C £ 25°C 50
(Note 8)
VN~ VRer Dropout Voltage lLoap = 10 MA 275 mV
(Note 9) 500
Vy Output Noise Voltage Hz to 10 Hz 245 MVpp
Is Supply Current 50 75 PA
90
lsc Short Circuit Current 30 60 mA
1 65 mA
Note 1: Absolute Maximum Ratings indicate limits d which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but do not g pecitic yrmance limits. For guaranteed specifications and test conditions, see Electrical Characteristics. The
guaranteed specifications apply only for the nditions listed. Some performance characteristics may degrade when the device is not operated under the

listed test conditions.

Note 2: Without PCB copper enhe nents. The maximum power dissipation must be de-rated at elevated temperatures and is limited by Ty (maximum
junction temperature), 8, , (junction ient mal resistance) and T, (ambient temperature). The maximum power dissipation at any temperature is:
PDisspyax = (Tymax = Ta)/6,.4 up to the >d in the Absolute Maximum Ratings. 8, 5 for SOT23-5 package is 220°C/W, T jax = 125°C.

Note 3: The human body model is a 100 pF capacitor discharged through a 1.5 kQ resistor into each pin. The machine model is a 200 pF capacitor discharged
directly into each pin.

Note 4: Typical numbers are at 25°C and represent the most likely parametric norm.

Note 5: 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 6: Temperature coefficient is measured by the "Box" method; i.e., the maximum AV is divided by the maximum AT.
Note 7: Long term stability is Vgge @25°C measured during 1000 hrs.
Note 8: Thermal hysteresis is defined as the change in +25°C output voltage before and after cycling the device from —-40°C to 125°C.

Note 9: Dropout voltage is defined as the minimum input to output differential at which the output voltage drops by 0.5% below the value measured with a 5V
input.

www.national.com 4
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LM4130 Typical Performance Characteristics T,=25°C, No Load, V,y = 5.0V, unless otherwise

noted.
Temperature Drift Characteristics
>
g =N
(&)
Iyl N
£ —
a
2
(] gt ——
g \
5 —
>EK
-40 -25 0 25 50 75 85
Temperature (°C)
10104644
Line Regulation vs Load
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Load Regulation vs Temperature
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LM4130

Output Voltage vs Load Current
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Supply Current vs Temperature
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Power-Up Response (4 V)
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Dropout Voltage (mV)
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Circuit Cuirent vs Temperature
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Output Impedance
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Rejection Ratio (dB)

uVrms/4/Hz

Power Supply Rejection Ratio
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10104622
Line Transient Response
1 Gn =Cloap =0.1 wF
Viy (1v/Div)
VOUT (10mV/Div)
L
0
Time (ms)
04626
Output Noise Spec
100 —
u\it 4.096V
10 |
1
0 5 10
Frequency (kHz)
10104643

Load Transient Response
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LM4130

Pin Functions

Vgee (Pin 5): Reference Output. The output of the LM4130
can source up to 20 mA. It is stable with output capacitor
ranges from 0 to 100 pF.

V|\ (Pin 4): Positive Supply. Bypassing with a 0.1uF capacitor
is recommended if the output loading changes or input is
noisy.

Ground (Pin 2): Negative Supply or Ground Connection.
NC (Pins 1, 3): No Connection (internally terminated). These
pins must be left unconnected.

Application Information

OUTPUT CAPACITOR

The LM4130 is designed to operate with or without an output
capacitor and is stable with capacitive loads of up to 100 pF.
Connecting a capacitor between the output and ground will
significantly improve the load transient response when
switching from a light load to a heavy load. However, the out-
put capacitor should not be made arbitrarily large because it
will effect the turn-on time as well as line and load transients.

INPUT CAPACITOR

A small 0.1pF capacitor on the input significantly improves
stability under a wide range of load conditions. With an input
bypass capacitor, the LM4130 will drive any combination of
resistance and capacitance up to Vgg/20mA and 100 pF re-
spectively.

Noise on the power-supply input can effect the output noise,
but it can be reduced by using an optional bypass capacitor
between the input pin and the ground.

PRINTED CIRCUIT BOARD LAYOUT CONSIDERATION

References in SOT packages are generally less prone 0 as-
sembly stress than devices in Small Outline (SO!C) pac!

To minimize the mechanical stress due to PC board mounting
that can cause the output voltage to shift from iis ini 3,
mount the reference on a low flex area of the F ard, h
as near the edge or a corner.
Typical Application Circuils
Precision High Current ! opou julator
Vin
= 3.7V _
to 5.5V +
10 uF 5
g < D45H8
<
Yin Vour = 2.5V
VREF @ 1A
LM4130

10 puF

L
-2.5 g
GND

10104604

Voltage Reference with Complimentary Output
— Vrer

Viy =5V

1our!

Yin o Vrer ‘R My
+
LM4130 —_—

! 0.1 uf
GND
J7 R/2 -5Y

Precision High Current Low Dropout Regulator
7 *

N = 3.7V *
to 5.5V +_L
T 0 pf 1k J
P-Ch

—> ~Vier

10104606

IRFL90 14
or

NDS8434A
N -
Vege Vout = 2.5V
@ 1A
.

10104607

Precision Voltage Reference with Force and Sense

Output
im ma
v v, VREF,
le =5y IN REF Force
LM4130

V,
REFSense

10104609

Programmable Current Source

ViN
Vi Vrer
R1
LM4130 R
R
SET
GND 1
|
| l ouUT
REF
R
1k
*
ViN = lour * R * Veer

lout = (Vege/(Ry + Reer)) + Ier

10104610
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Precision Regulator with Current Limiting Circuit
0.6

Viy = 4.0V v

to 5.5V +
1k
10 puF KP D45H8

YN Yo7 = 2.5V
VREF ouT .
@ 1A
LM4130
-2.5 10 uF

o | v
7

Low Cost Higher Output Current Circuit
R*
M

10104611

Viy =5V

Vin o VReF VReF

LM4130 | ==o0.1 u4F

v J
v

10104612

* Select R, to deliver 80% of typical load current. The LM4130 then will
source as necessary, up to 20mA, to maintain the output regulation. Care
must be taken not to remove the load as the output will be driven to the rail.
This approach will effect line regulation.

Supply Splitter

Vv =5.0V Rer
IN T - 2.5V
Vin  Vrer
+ LM4130
47 uf 0.1 puf

-2.5 —l—
v
v

10104613
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LM4130

Physical Dimensions inches (millimeters) unless otherwise noted

063+ 003
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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/Ido 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 www.national.com/training
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THE CONTENTS OF THIS DOCUMENT ARE PROVIDED IN CONNECTION WITH NATIONAL SEMICONDUCTOR CORPORATION
(“NATIONAL”) PRODUCTS. NATIONAL MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY
OR COMPLETENESS OF THE CONTENTS OF THIS PUBLICATION AND RESERVES THE RIGHT TO MAKE CHANGES TO
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
DOCUMENT.

TESTING AND OTHER QUALITY CONTROLS ARE USED TO THE EXTENT NATIONAL DEEMS NECESSARY TO SUPPORT
NATIONAL'S PRODUCT WARRANTY. EXCEPT WHERE MANDATED BY GOVERNMENT REQUIREMENTS, TESTING OF ALL
PARAMETERS OF EACH PRODUCT IS NOT NECESSARILY PERFORMED. NATIONAL ASSUMES NO LIABILITY FOR
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LIFE SUPPORT POLICY
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to result in a significant injury to the user. A critical component is any component in a life support device or system whose failure to perform
can be reasonably expected to cause the failure of the life support device or system or to affect its safety or effectiveness.
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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.

Tl 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 Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl 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 Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl 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 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. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl 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 Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl 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 Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl 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.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl 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
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