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General Description

The SM72238 is a micropower voltage regulator with very low
quiescent current (75pA typ.) and very low dropout voltage
(typ. 40mV at light loads and 380mV at 100mA). It is ideally
suited for use in battery-powered systems. Furthermore, the
quiescent current of the SM72238 increases only slightly in
dropout, prolonging battery life.

The SM72238 is available in the surface-mount D-Pak pack-
age.

Careful design of the SM72238 has minimized all contribu-
tions to the error budget. This includes a tight initial tolerance
(.5% typ.), extremely good load and line regulation (.05% typ.)
and a very low output voltage temperature coefficient, making
the part useful as a low-power voltage reference.
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SolarMagic Micropower Voltage Regulator

Features

Renewable Energy Grade

High accuracy output voltage
Guaranteed 100mA output current
Extremely low quiescent current

Low dropout voltage

Extremely tight load and line regulation
Very low temperature coefficient

Use as Regulator or Reference

Needs minimum capacitance for stability
Current and Thermal Limiting

Stable with low-ESR output capacitors (10mQ to 6Q)
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Block Diagram and Typical Applications
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SM72238

Connection Diagrams

Ordering Information

TO-252 (D-Pak)

hel | | OUTPUT
Tab is
GND ~F—1 o
- | I INPUT
. 30141370
Front View

Package Ten;‘;;ir:;ure Vour Part Number Package Marking Transport Media NSC Drawing
SM72238TD-3.0 75 Units in Ralil

;I—I;)Pf\f(z) -40<T ;<125 3.0 SM72238TDE-3.0 S$72238-3.0 250 Units in Tape and Reel TDO3B
SM72238TDX-3.0 2500 Units in Tape and Reel
SM72238TD-3.3 75 Units in Rail

;r[())PiSK2) -40<T ;<125 3.3 SM72238TDE-3.3 §72238-3.3 250 Units in Tape and Reel TDO3B
SM72238TDX-3.3 2500 Units in Tape and Reel
SM72238TD-5.0 75 Units in Ralil

;I—I;)Pi?(? -40<T <125 5.0 SM72238TDE-5.0 S72238 250 Units in Tape and Reel TDO3B
SM72238TDX-5.0 2500 Units in Tape and Reel
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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.

Input Supply Voltage

Power Dissipation

Junction Temperature (T )
Ambient Storage Temperature

-0.3 to +30V
Internally Limited

Soldering Dwell Time, Temperature

Wave
Infrared
Vapor Phase

ESD Rating

Human Body Model(Note 17)

+150°C
—65° to +150°C

4 seconds, 260°C
10 seconds, 240°C
75 seconds, 219°C

Electrical Characteristics (note 2

2500V

Operating Ratings (note 1)

Maximum Input Supply Voltage

Junction Temperature Range
(T,) (Note 6)

30V

—-40° to +125°C

Parameter | Conditions (Note 2) |[Typ | Tested Limit (Note 3) | Design Limit (Note 4) |Units
3V Versions
Output Voltage T,=25°C 3.0 3.030 V max
2.970 V min
-25°C < T,<85°C 3.0 3.045 V max
2.955 V min
Full Operating 3.0 3.060 V max
Temperature Range 2.940 V min
Output Voltage 100pA < 1. < 100mA 3.0 3.072 V max
Ty = Timax 2.928 V min
3.3V Versions
Output Voltage T,=25°C 3.3 3.333 V max
3.267 V min
-25°C < T,<85°C 3.3 3.350 V max
3.251 V min
Full Operating 3.3 3.366 V max
Temperature Range 3.234 V min
Output Voltage 100pA <1, < 100mA 3.3 3.379 V max
Ty = Timax 3.221 V min
5.0V Versions
Output Voltage T,=25°C 5.0 5.05 V max
4.95 V min
-25°C < T,<85°C 5.0 5.075 V max
4.925 V min
Full Operating 5.0 5.1 V max
Temperature Range 4.9 V min
Output Voltage 100pA < 1 < 100mA 5.0 5.12 V max
T, < Tyuax 4.88 V min
All Voltage Options
Output Voltage (Note 7) 50 150 ppm/°C
Temperature Coefficient
Line Regulation (VoNOM + 1)V £V, < 30V (Note 0.04 0.2 % max
(Note 9) 10) 0.4 % max
Load Regulation 100pA <1, < 100mA 0.1 0.2 % max
(Note 9) 0.3 % max
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SM72238

Parameter Conditions (Note 2) Typ Tested Limit (Note 3) Design Limit (Note 4) |Units
Dropout Voltage I = 100pA 80 mV max
(Note 5) 50 150 mV max
I, =100mA 450 mV max
380 600 mV max
Ground I, = 100pA 75 120 HA max
Current 140 WA max
I, =100mA 8 12 mA max
14 mA max
Dropout Vi, = (VoNOM - 0.5)V 110 170 MA max
Ground Current I, = 100pA 200 PA max
Current Limit Vour=0 160 200 mA max
220 mA max
Thermal Regulation (Note 8) 0.05 0.2 %/W
max
Output Noise, C, = 1uF (5V Only) 430 pV rms
10 Hz to 100 kHz C, = 200uF 160 pV rms
C_=3.3uF
(Bypass = 0.01uF) 100 pV rms

Note 1: Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating Ratings are conditions under which operation of the

device is guaranteed. Operating Ratings do not imply guaranteed performance limits. For guaranteed performance limits and associated test conditions, see the
Electrical Characteristics tables.

Note 2: Unless otherwise specified all limits guaranteed for V,y = (Vgoyom + 1)V, I = 100pA and C, = 1uF. Limits appearing in boldface type apply over the entire
junction temperature range for operation. Limits appearing in normal type apply for T, = T, = 25°C.

Note 3: Guaranteed and 100% production tested.
Note 4: Guaranteed but not 100% production tested. These limits are not used to calculate outgoing AQL levels.

Note 5: Dropout Voltage is defined as the input to output differential at which the output voltage drops 100 mV below its nominal value measured at 1V differential.
At very low values of programmed output voltage, the minimum input supply voltage of 2V (2.3V over temperature) must be taken into account.

Note 6: Junction-to-case thermal resistance for the TO-252 package is 5.4°C/W.

Note 7: Output or reference voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range.

Note 8: Thermal regulation is defined as the change in output voltage at a time T after a change in power dissipation is applied, excluding load or line regulation
effects. Specifications are for a 50mA load pulse at V| = 30V (1.25W pulse) for T = 10ms.

Note 9: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are
covered under the specification for thermal regulation.

Note 10: For I, = 100pA and T = 125°C, line regulation is guaranteed by design to 0.2%. See Typical Performance Characteristics for line regulation versus
temperature and load current.

Note 11: Human Body Model 1.5kQ in series with 100pF.
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Typical Performance Characteristics
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QUTPUT VOLTAGE
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Application Hints

EXTERNAL CAPACITORS

A 1.0pF (or greater) capacitor is required between the output
and ground for stability. Without this capacitor the part will
oscillate. Most types of tantalum or aluminum electrolytics
work fine here; even film types work but are not recommended
for reasons of cost. Many aluminum electrolytics have elec-
trolytes that freeze at about —30°C, so solid tantalums are
recommended for operation below —25°C. The important pa-
rameters of the capacitor are an ESR of about 5Q or less and
a resonant frequency above 500kHz. The value of this ca-
pacitor may be increased without limit.

Ceramic capacitors whose value is greater than 1000pF
should not be connected directly from the SM72238 output to
ground. Ceramic capacitors typically have ESR values in the
range of 5 to 10mQ, a value below the lower limit for stable
operation (see curve Output Capacitor ESR Range).

The reason for the lower ESR limit is that the loop compen-
sation of the part relies on the ESR of the output capacitor to
provide the zero that gives added phase lead. The ESR of
ceramic capacitors is so low that this phase lead does not
occur, significantly reducing phase margin. A ceramic output

Typical Applications

capacitor can be used if a series resistance is added (recom-
mended value of resistance about 0.1Q to 2Q).

At lower values of output current, less output capacitance is
required for stability. The capacitor can be reduced to
0.33pF for currents below 10mA or 0.1uF for currents below
1mA.

Unlike many other regulators, the SM72238 will remain stable
and in regulation with no load in addition to the internal voltage
divider. This is especially important in CMOS RAM keep-alive
applications.

A 1uF tantalum, ceramic or aluminum electrolytic capacitor
should be placed from the SM72238 input to ground if there
is more than 10 inches of wire between the input and the AC
filter capacitor or if a battery is used as the input.

REDUCING OUTPUT NOISE

In reference applications it may be advantageous to reduce
the AC noise present at the output. One method is to reduce
the regulator bandwidth by increasing the size of the output
capacitor. This is the only way noise can be reduced but is
relatively inefficient, as increasing the capacitor from 1uF to
220uF only decreases the noise from 430uV to 160uV rms for
a 100kHz bandwidth at 5V output.

5 Volt Current Limiter

5V BUS

+Viy

SM72238

GND

Vout

=

30141310

*Minimum input-output voltage ranges from 40mV to 400mV, depending on load current. Current limit is typically 160mA.
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Schematic Diagram

€2eLVI0E

1N0

aNe '
18T S
AP
S
_Jno g0
w108 vN051 S 950
Uvnog YN [44' >4
p
v _
A
wist wA0s
AAA AAA
v £y
wi0s
oy
S vos 620 * S vr0s ,
> > 7Y
4 810 110 E < A
Z10 | €10 a4
- = L ot gnoLt cv._o: | T
g Ur00LS > 00! e U8 LT o w1081
s1d Iy Sey <y
£20 2o < S vr0z
A W<_ Jost Sy
240 oy — O Spipie
\_ | 4] Say
Z0 —\o_ = [A4)]
5 . 0zd 1
3 = QUN9°0Z — = .
> >
874 < z z Mv:w_ 4d 0z
vzl ﬂ_ _ F_ = 90
——— VWV . ﬁ aip! 80 s 0 ks
& oy | _o\ﬂ_ ¥ Lid
>
L -
Lae — Lo 0 )
H )
6 . ’
¢ m \—
920 _ m_“
%4 : SZ0
<
re w10z
e TJmm_o <m_c»\q_

8€CCLINS

10

www.national.com



Physical Dimensions inches (millimeters) unless otherwise noted
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SM72238 SolarMagic Micropower Voltage Regulators

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.

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
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acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
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provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
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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.
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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.
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