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MIC37300/01/02/03

3.0A, Low-Voltage pCap LDO Regulator

General Description

The Micrel MIC37300/01/02/03 is a 3.0A low-dropout
linear voltage regulator that provides a low voltage, high
current output with a minimum number of external
components. It offers high precision, ultra-low dropout
(500mV over temperature), and low ground current.

The MIC37300/01/02/03 operates from an input of 2.25V
to 6.0V. It is designed to drive digital circuits requiring low-
voltage at high currents (i.e., PLDs, DSP, microcontroller,
etc.). It is available in fixed and adjustable output voltages.
Fixed voltages include 1.5V, 1.8V, 2.5V, and 3.3V. The
adjustable version is capable of 1.24V to 5.5V.

Features of the MIC37300/01/02/03 LDO include thermal
and current-limit protection, and reverse-current protection.
Logic enable and error flag pins are available on the 5-pin
version.

Junction temperature range of the MIC37300/01/02/03 is
from —40°C to +125°C.

For applications requiring input voltage greater than 6.0V,
see the MIC3910x, MIC3915x, MIC3930x, and MIC3950x
LDOs.

Datasheets and support documentation are available on
Micrel's website at: www.micrel.com.

Features

¢ 3.0A minimum guaranteed output current
¢ 500mV maximum dropout voltage over temperature
— ldeal for 3.0V to 2.5V conversion
— ldeal for 2.5V to 1.8V, 1.65V, or 1.5V conversion
e Stable with ceramic or tantalum capacitor
¢ Wide input voltage range
- Vi 2.25V to 6.0V
e +1.0% initial output tolerance
¢ Fixed and adjustable output voltages:
— MIC37300: 3-pin S-Pak fixed voltages

— MIC37301: 5-pin S-Pak or 8-pin ePad SOIC fixed
voltages with flag

— MIC37302: 5-pin adjustable voltage

— MIC37303: 8-pin ePad SOIC, DFN adjustable voltage
with flag

e Excellent line and load regulation specifications
e Thermal-shutdown and current-limit protection
o Reverse-leakage protection

o Low profile S-Pak package

Applications

e LDO linear regulator for low-voltage digital IC
e PC add-in cards

¢ High-efficiency linear power supplies

e SMPS post regulator

e Battery charger

Typical Application
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Ordering Information

Part number

Junction
RoHS Compliant®/ Enable Voltage Flag Temperature Package
Pb-Free Range
MIC37300-1.5WR™ No 1.5V No —40°C to +125°C S-Pak-3
MIC37300-1.65WR™ No 1.65V No —40°C to +125°C S-Pak-3
MIC37300-1.8WR™ No 1.8V No —40°C to +125°C S-Pak-3
MIC37300-2.5WR™ No 2.5V No —40°C to +125°C S-Pak-3
MIC37300-3.3WR™ No 3.3V No —40°C to +125°C S-Pak-3
MIC37301-1.5YME Yes 1.5V Yes —40°C to +125°C ePad SOIC-8
MIC37301-1.5WR™ Yes 1.5V Yes —40°C to +125°C S-Pak-5
MIC37301-1.8YME Yes 1.8V Yes —40°C to +125°C ePad SOIC-8
MIC37301-1.8WR™ Yes 1.8V Yes —40°C to +125°C S-Pak-5
MIC37301-2.5YME Yes 2.5V Yes —40°C to +125°C ePad SOIC-8
MIC37301-2.5WR™ Yes 2.5V Yes —40°C to +125°C S-Pak-5
MIC37301-3.3WR™ Yes 3.3V Yes —40°C to +125°C S-Pak-5
MIC37302WR™ Yes ADJ No —40°C to +125°C S-Pak-5
MIC37302wuU™ Yes ADJ No —40°C to +125°C TO-263-5
MIC37303YME Yes ADJ Yes —-40°C to +125°C ePad SOIC-8
MIC37303YML Yes ADJ Yes —-40°C to +125°C 3mm x 3mm DFN

Note:

1. RoHS-compliant with ‘high-melting solder’ exemption.
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MIC37300/01/02/03

Pin Configuration
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Pin Description
Pin Number Pin Number Pin Number
S-PAK-5 S-PAK-3 ePad SOIC-8 Pin Name | Pin Function
TO-263-5 DFN
1 i > EN Enable input: CMOS-compatible input. Logic HIGH = enable;
Logic LOW = shutdown. Do not leave floating.
2 1 3,4 VIN Input voltage that supplies current to the output power device.
3 2 1 GND Ground: TAB is connected to ground.
5, 6, 7 (Fixed)
4 3 - VOUT Regulator output.
5, 6 (Adj.)
5 (Fixed) L 8 FLG Error flag (output): Qpen collector output. Active LOW indicates
an output fault condition.
5 (Adj.) . 7 (Adj)) ADJ S\qustable regulator feedback input: Connect to resistor voltage
river.
— — EP ePad Connect to GND for best thermal performance.
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Micrel, Inc.

MIC37300/01/02/03

Absolute Maximum Ratings®

YU o] o] YAAY/0] 1 = To [ XN A V/TN) IS 6.5V
Enable Input Voltage (VEN)(4) ......................................... 6.5V
Power Dissipation (PD)(‘” ........................... Internally Limited
Junction Temperature (Tj) coeeeevveennnnen. —-40°C £ T; < +125°C
Storage Temperature (Ts)......cccovveeennn. —65°C = T, £ +150°C
Lead Temperature (soldering, 10S).......cccccceeeeeerrinnnns 260°C
ESD RAtNG™ ...t 2kv

Electrical Characteristics®

Operating Ratings®®

Supply Voltage (Vin) «eeeeeeeeeeimmimrieeeeeennnnns 2.25Vto 6.0V
Enable Input Voltage (VEN) «eeeeeeevrivvreeeeeeennn. 0V to 6.0V
Junction Temperature (Tj)........... —40°C < T; £ +125°C
Package Thermal Resistance
S-Pak (030) -+veervreeerrieiiieenie e 5.5°C/wW
TO-263-5 (03C) -vveeevererreerreniriieesieeeseeens 6.3°C/W
ePad SOIC-8 (03C) veevverervreerireeiiieierieeneeas 16°C/W
3mm X 3Mm DFEN (03¢) vveevvvvveeeiniieieiiiieee, 29°C/W

Ta = 25°C with Vin = Vout + 1V; Ven = Vi IL = 10mA; bold values indicate —40°C < T; < +125°C, unless noted.

Parameter Condition Min. Typ. Max. Units
IL=10mA -1 +1 %
Output Voltage Accuracy
10mA < lout < IL(max), Vourt + 1<VinE6BV -2 +2 %
Output Voltage Line Regulation ViNn = Vour + 1.0V to 6.0V; I = 10mA 0.02 0.5 %
Output Voltage Load Regulation IL=10mAto 3A 0.2 1 %
IL=1.5A 175 350 v
(ePad SOIC-8, DFN) 400 m
Vin — Vour Dropout Voltage™
IL=3A 300 500 v
(ePad SOIC-8, DFN) 550 m
, ® 27 40 mA
Ground Pin Current IL=3A
50 mA
Ground Pin Current in Shutdown ViL< 0.5V, Viy = Vour +1V 1.0 5 HA
Current Limit Vour = 0V 4.75 6.5 A
Start-Up Time Ven = Vin, lout = 10mA, Cout = 47uF 170 500 us

Notes:
Exceeding the absolute maximum rating may damage the device.
The device is not guaranteed to function outside its operating rating.

Devices are ESD sensitive. Handling precautions recommended.
Specification for packaged product only.

No gk wDN

Pomax = (Tamax) — Ta)/B1a, Where 6,4, depends upon the printed circuit layout. See “Application Information.”

Vo = Vin — Vour When Voyur decreases to 98% of its nominal output voltage with Viy = Vour + 1V. For output voltages below 1.75, dropout voltage

specification does not apply due to a minimum input operating voltage of 2.25V.

8. lonp is the quiescent current. Iy = lgnp + lour-

February 24, 2015
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Micrel, Inc.

MIC37300/01/02/03

Electrical Characteristics® (Continued)

Ta = 25°C with Vin = Vout + 1V; Ven = Vi IL = 10mA; bold values indicate —40°C < T; < +125°C, unless noted.

Parameter ‘ Condition Min. Typ. Max. Units
Enable Input
Regulator enable 2.25
Enable Input Threshold \%
Regulator shutdown 0.8
2
VL £ 0.8V (Regulator shutdown) 4 HA
Enable Pin Input Current 20
Vi 2 2.25V (Regulator enable) 1 15 75 HA
Flag Output
1
IFLG(LEAK) Vou = 6V ) LA
©) 400
VFLG(LO) ViN=2.25V, loL = 250HA 210 500 mvV
Low Threshold, % of Vout below nominal 93
Vel Hysteresis 2 %
High Threshold, % of Vour below nominal 99.2
MIC37302 Only
1.228 1.252
Reference Voltage 1.240 \%
1.215 1.265
. R 80
Adjust Pin Bias Current 40 nA
120
Note:
9. For a 2.5V device, Viy = 2.250V (device is in dropout).
5 Revision 2.0
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MIC37300/01/02/03

Typical

Characteristics
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Micrel, Inc. MIC37300/01/02/03

Typical Characteristics (Continued)
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Micrel, Inc. MIC37300/01/02/03

Functional Characteristics
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Micrel, Inc.

MIC37300/01/02/03

Applications Information

The MIC37300/01/02/03 is a high-performance low-
dropout voltage regulator suitable for moderate to
high-current regulator applications. Its 500mV dropout
voltage at full load and over temperature makes it
especially valuable in battery-powered systems and
as high-efficiency noise filters in post-regulator
applications. Unlike older NPN-pass transistor
designs, where the minimum dropout voltage is limited
by the based-to-emitter voltage drop and collector-to-
emitter saturation voltage, dropout performance of the
PNP output of these devices is limited only by the low
VCE saturation voltage.

A trade-off for the low dropout voltage is a varyin%
base drive requirement. Micrel's Super Reta PNP
process reduces this drive requirement to only 2% to
5% of the load current.

The MIC37300/01/02/03 regulator is fully protected
from damage due to fault conditions. Current-limiting
is provided. This limiting is linear; output current
during overload conditions is constant. Thermal
shutdown disables the device when the die
temperature exceeds the maximum safe operating
temperature. The output structure of these regulators
allows voltages in excess of the desired output
voltage to be applied without reverse current flow.

Thermal Design

Linear regulators are simple to use. The most
complicated design parameters to consider are
thermal characteristics. Thermal design requires the
following application-specific parameters:

e Maximum ambient temperature (T,)
e Output current (lour)

e Output voltage (Vour)

e Input voltage (Viy)

e Ground current (Ignp)

First, calculate the power dissipation of the regulator
from these numbers and the device parameters from
this datasheet (Equation 1):

Po = (Vin = Vour) lout + Vin lenp Eqg. 1

where the ground current is approximated by using
numbers from the “Electrical Characteristics” or
“Typical Characteristics.”

Then the heat sink thermal resistance is determined
with Equation 2:

Bsa = ((Tamaxy — Ta)/Pp) — (B5c + B¢s) Eq. 2

where Tjmay <125°C and B¢s is between 0°C/W and
2°C/W. The heat sink may be significantly reduced in
applications where the minimum input voltage is
known and is large compared with the dropout
voltage. Use a series input resistor to drop excessive
voltage and distribute the heat between this resistor
and the regulator. The low-dropout properties of
Micrel's Super Reta PNP regulators allow significant
reductions in regulator power dissipation and the
associated heat sink  without compromising
performance. When this technique is employed, a
capacitor of at least 1.0uF is needed directly between
the input and regulator ground.

Output Capacitor

The MIC37300/01/02/03 requires an output capacitor
for stable operation. As a pCap LDO, the
MIC37300/01/02/03 can operate with ceramic output
capacitors as long as the amount of capacitance is
47uF or greater. For values of output capacitance
lower than 47uF, the recommended ESR range is
200mQ to 2Q. The minimum value of output
capacitance recommended for the MIC37300 is 10uF.

For 47uF or greater, the ESR range recommended is
less than 1Q. Ultra-low ESR, ceramic capacitors are
recommended for output capacitance of 47uF or
greater to help improve transient response and noise
reduction at high frequency. X7R/X5R dielectric-type
ceramic capacitors are recommended because of
their temperature performance. X7R-type capacitors
change capacitance by 15% over their operating
temperature range and are the most stable type of
ceramic capacitors. Z5U and Y5V dielectric capacitors
change value by as much as 50% and 60%,
respectively, over their operating temperature ranges.
To use a ceramic chip capacitor with Y5V dielectric,
the value must be much higher than an X7R ceramic
capacitor to ensure the same minimum capacitance
over the equivalent operating temperature range.
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Micrel, Inc.

MIC37300/01/02/03

Input Capacitor

An input capacitor of 1.0uF or greater is
recommended when the device is more than 4 inches
away from the bulk supply capacitance, or when the
supply is a battery. Small, surface-mount chip
capacitors can be used for the bypassing. The
capacitor should be place within 1 inch of the device
for optimal performance. Larger values will help to
improve ripple rejection by bypassing the input to the
regulator, further improving the integrity of the output
voltage.

Transient Response and 3.3V to 2.5V, 2.5V to 1.8V
or 1.65V, or 2.5V to 1.5V Conversions

The MIC37300/01/02/03 has excellent transient
response to variations in input voltage and load
current. The device has been designed to respond
quickly to load current variations and input voltage
variations. Large output capacitors are not required to
obtain this performance. A standard 47uF output
capacitor, preferably tantalum, is all that is required.
Larger values help to improve performance even
further.

By virtue of its low-dropout voltage, this device does
not saturate into dropout as readily as similar NPN-
based designs. When converting from 3.3V to 2.5V,
2.5V to 1.8V or 1.65V, or 2.5V to 1.5V, the NPN-
based regulators are already operating in dropout,
with typical dropout requirements of 1.2V or greater.
To convert down to 2.5V without operating in dropout,
NPN-based regulators require an input voltage of 3.7V
at the very least. The MIC37300/01/02/03 regulator
will provide excellent performance with an input as low
as 3.0V or 2.25V, respectively. This gives the PNP-
based regulators a distinct advantage over older,
NPN-based linear regulators.

Minimum Load Current

The MIC37300/01/02/03 regulator is specified
between finite loads. If the output current is too small,
then the leakage currents dominate and the output
voltage rises. A 10mA minimum load current is
necessary for proper operation. For adjustable
regulators, this can be accomplished by selecting the
feedback resistors to load the output with 10mA.

Error Flag

The MIC37301 and MIC37303 feature an error flag
circuit that monitors the output voltage and signals an
error condition when the voltage is 5% below the
nominal output voltage. The error flag is an open-
collector output that can sink 10mA during a fault
condition.

Low output voltage can be caused by a number of
problems, including an overcurrent fault (device in
current limit) or low input voltage. The flag is
inoperative during overtemperature shutdown.

Enable Input

The MIC37301/02/03 also features an enable input for
on/off control of the device. Its shutdown state draws
“zero” current (only microamperes of leakage). The
enable input is TTL/CMOS compatible for simple logic
interface, but can be connected up to VIN. When
enabled, it draws approximately 15pA.

Adjustable Regulator Design

MIC37302
VyO—IN ouT Vour
R1 +
snutpown - O EN ADJ

COUT
GND R2 l
Y

R1
= 1.240V(1+ —)
ouT R2

Figure 1. Adjustable Regulator with Resistors

The MIC37302 and MIC37303 allow programming the
output voltage anywhere between 1.24V and the 5.5V
maximum operating rating of the family. Two resistors
are used. Resistors can be quite large, up to 1MQ,
because of the very high input impedance and low
bias current of the sense comparator.

The resistor values are calculated by:

R1=R2[ Your _ Eq. 3
1.240

where Vgyr is the desired output voltage. Figure 1
shows component definition. Applications with widely
varying load currents may scale the resistors to draw
the minimum load current required for proper
operation.
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Micrel, Inc. MIC37300/01/02/03

Package Information“?
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1. PACKAGE OUTLINE EXCLUSIVE OF MOLD FLASH & METAL
BURR.
2. PACKAGE OUTLINE INCLUSIVE OF PLATING THICKNESS. RECOMMENDED [AND PATTERN
3. FOOT LENGTH USING GAUGE PLANE METHOD MEASUREMENT (UNIT : mm)
0.010"
A\ PACKAGE TOP MARK MAY BE IN TOP CENTER OR LOWER
LEFT CORNER

5. ALL DIMENSIONS ARE IN INCHES/MILLIMETERS.

5-Pin TO-263-5 (U)

Note:
10. Package information is correct as of the publication date. For updates and most current information, go to www.micrel.com.
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MIC37300/01/02/03

Package Information? (Continued)

- A ————— -
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NOTE:

T

g

1. DIMENSION DOES NOT INCLUDE MOLD FLASH OR
PROTRUSIONS.
2. DIMENSION INCLUDES PLATING THICKNESS.
SOLDER MASK OPENING
3, RED CIRCLES IN LAND PATTERN REPRESENT
THERMAL VIA, 0.30MM IN DIAMETER & SHOULD BE
CONNECTED TO GND FOR MAXIMUM PERFORMANCE

4, GREEN RECTANGLES IN LAND PATTERN REPRESENT
SOLDER STENCIL OPENING <OPTIONALD, 1.50X1.50MM.

5-Pin S-PAK (R)
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INCHES MILLIMETERS

A 0365 0375 9.27 952
Al 0.350 0360 889 9.4
B 0.310 0.320 7.87 813
C 0.070 0.080 178 2.03
D 0.025 0.031 0.63 0.79
E 0.010 BSC 025 BSC
G 0.067 BSC 170 BSC
H 0.410 0.420 1041 1067
K 0.030 0.050 0.76 127
L 0.001 0.005 0.03 0.13
M 0035 0.045 0.89 114
N 0,010 BSC 0.25 BSC
P 0.031 [ o041 079 | 104
R 0 | e 0 [ e

U 0.220 BSC 558 BSC
% 0.296 BSC 7.52 BSC
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Package Information? (Continued)
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NOTE:
1. DIMENSION DOES NOT INCLUDE MOLD FLASH OR
PROTRUSIONS,

2. DIMENSION INCLUDES PLATING THICKNESS.
SOLDER MASK OPENING

3. RED CIRCLES IN LAND PATTERN REPRESENT
THERMAL VIA, 0.30MM IN DIAMETER & SHOULD BE
CONNECTED TO GND FOR MAXIMUM PERFORMANCE

4., GREEN RECTANGLES IN LAND PATTERN REPRESENT
SOLDER STENCIL OPENING (OPTIONALD, 1.50X1.50MM.

3-Pin S-PAK (R)

INCHES MILLIMETERS
A 0.365 0.375 9.27 9.52
Al 0350 0.360 8.89 S.14
B 0.310 0320 7.87 8.13
C 0.070 0.080 178 2,03
D 0.025 0.031 0.63 0.79
E 0.010 BSC 0.25 BSC
G 0.100 BSC 254 BSC
H 0.410 0.420 10.41 10.67
K 0.030 0.050 0.76 127
L 0.001 0.005 003 013
M 0.035 0045 0.89 114
N 0.010 BSC 0.25 BSC
P 0.031 [ 0041 0.79 1.04
R 0* [ e 0° 6°
U 0.256 BSC 6.50 BSC
Y 0.316 BSC 8.03 BSC
N 8.45+0.05
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Package Information? (Continued)
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DETAIL "A” RECOMMENDED LAND PATTERN
NOTE:

1. DIMENSION DOES NOT INCLUDE MOLD FLASH OR PROTRUSIONS, EITHER OF WHICH SHALL EXCEED

006 INCHES PER SIDE
RED CIRCLES IN LAND PATTERN REPRESENT THERMAL VIAS. RECOMMENDED SIZE IS 0.30-0.30MM IN
DIAMETER AND SHOULD BE CONNECTED TO GND FOR MAXIMUM THERMAL PERFORMANCE

ePad SOIC-8 (ME)
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Package Information? (Continued)
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RECOMMENDED | AND PATTERM

HOTEx 4, 3

NOTE!

L. Max PaCKaLGE waRPaGE Is 0,05 MM

2, Max aLLOWABELE BURR IS 0,07&6MM IM aALL DIRECTIONS

2, PIN #1 IS OW TOP WILL EE LASER MARKED

4, RED CIERCLE IW LaMD PATTERM IMNDICATE THEEREMAL “IA.
SIAE sHOULD EBE 0.20-02M  IM DIAMETER AMD SHOULD EBE
COMMECTED TO GCGWND FOR Max THEEMaL PERFORMAMCE

2, GREEW RECTANGLES (SH&DED aREaAX INDICATE SOLDER
STENCIL OFENING OW EXFOSED FaAD AREA, SIZE SHOULD RE
0.50=x09% MM IN SIZE, 0.20 MM SPACIMG.

8-Pin 3mm x 3mm DFN (ML)
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MICREL, INC. 2180 FORTUNE DRIVE SAN JOSE, CA 95131 USA
TEL +1 (408) 944-0800 FAX +1 (408) 474-1000 WEB http://www.micrel.com

Micrel, Inc. is a leading global manufacturer of IC solutions for the worldwide high performance linear and power, LAN, and timing & communications
markets. The Company’s products include advanced mixed-signal, analog & power semiconductors; high-performance communication, clock
management, MEMs-based clock oscillators & crystal-less clock generators, Ethernet switches, and physical layer transceiver ICs. Company
customers include leading manufacturers of enterprise, consumer, industrial, mobile, telecommunications, automotive, and computer products.
Corporation headquarters and state-of-the-art wafer fabrication facilities are located in San Jose, CA, with regional sales and support offices and
advanced technology design centers situated throughout the Americas, Europe, and Asia. Additionally, the Company maintains an extensive network
of distributors and reps worldwide.

Micrel makes no representations or warranties with respect to the accuracy or completeness of the information furnished in this datasheet. This
information is not intended as a warranty and Micrel does not assume responsibility for its use. Micrel reserves the right to change circuitry,
specifications and 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. Except as provided in Micrel’s terms and conditions of sale for such products, Micrel assumes no liability
whatsoever, and Micrel disclaims any express or implied warranty relating to the sale and/or use of Micrel products including liability or warranties
relating to fitness for a particular purpose, merchantability, or infringement of any patent, copyright, or other intellectual property right.

Micrel Products are not designed or authorized for use as components in life support appliances, devices or systems where malfunction of a product
can reasonably be expected to result in personal injury. Life support devices or systems are devices or systems that (a) are intended for surgical
implant into the body or (b) support or sustain life, and whose failure to perform can be reasonably expected to result in a significant injury to the user. A
Purchaser’s use or sale of Micrel Products for use in life support appliances, devices or systems is a Purchaser’'s own risk and Purchaser agrees to fully
indemnify Micrel for any damages resulting from such use or sale.

© 2003 Micrel, Incorporated.
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