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1A Low Dropout Fast Response Voltage Regulator

General Description

The SPX2941 is a 1A, accurate voltage regulator with a low
drop out voltage of 280mV (Typ.) at1A. These regulators are

designed for low voltage applications that require a low

dropout voltage and a fast transient response. They are fully

fault protected against over-current, reverse battery, and

positive and negative voltage transients. The SPX2941 is
offered in a 5-pin TO-263 package. For more information

about a 3A version, refer to the SPX29300 data sheet.

TO-263 version available, TO-220 version obsolete

For more details about the ordering information, see
“Ordering Information” on page 11.

Features

Adjustable output down To 1.25V

Low quiescent current

Guaranteed 1.5A peak output current

Low dropout voltage of 280mV @ 1A
Extremely tight load and line regulation
Extremely fast transient response
Reverse-battery protection

Internal thermal and current limit protection

Zero current shutdown

Applications

Industrial equipment
Telecommunications equipment

LCD Monitors

USB Power supply
SMPS Post-regulator
Battery charger

Constant current regulators
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Figure 1: SPX2941 Typical Application
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Specifications

Absolute Maximum Ratings

Important: The stresses above what is listed under the following table may cause permanent damage to the device.

This is a stress rating only—functional operation of the device above what is listed under the following table or any other
conditions beyond what MaxLinear recommends is not implied. Exposure to conditions above the recommended extended
periods of time may affect device reliability. Solder reflow profile is specified in the IPC/JEDEC J-STD-020C standard.

Table 1: Absolute Maximum Ratings

Min Max Units

Lead Temperature (soldering, 5 seconds) -65 150 °C
Storage Temperature Range - 260 °C
Operating Junction Temperature Range —40 125 °C
Input Supply Voltage - 16 \
Input Supply Voltage <100ms, < 1% duty cycles - 20 \%
Thermal Specifications

TO-263 version available, TO-220 version obsolete
Table 2: Thermal Performance

Symbol Parameter Package Typ Units
Yig Junction to Case, at Tab TO-220 3 °C/W
SHTN Junction to Ambient TO-220 29.3 °C/W
Yis Junction to Case, at Tab TO-263 3 °C/W
SHTN Junction to Ambient TO-263 31.2 °C/W
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Thermal Specifications

Electrical Characteristics

Electrical characteristics at V|y = Voyut + 1V, Ta = 25°C, Cj\ = 6.8uF, Coyt = 10uF, lgyT =10mA, unless otherwise

specified. Adjustable versions are set at 5.0V. The * denotes the specifications that apply over the full operating

temperature range of -40°C < T, < 125°C, unless otherwise specified.

Table 3: Electrical Characteristics

Parameter Conditions Min Typ Max Units
, ) 1.228 | 1.240 | 1.252
Reference Voltage Adjustable version only, 2.5 <V <16V \Yj
1.215 - 1.265
. . - - 40 80
Adjust Pin Bias Current nA
- - 120
Reference Voltage Temperature .
(4 - - 20 - ppm/°C
Coefficient!
Adjust Pin Bias o
Current Temperature Coefficient i i 01 ) nASC
Line Regulation o =10mA, (Vout +1V) <V |y 16V - 0.2 1.0 %
Load Regulation VIN = VOUT +1V, 10mA < IOUT < IFULLLOAD - 0.3 1.5 %
Dropout Voltage(") lo = 100mA ) 70 200 mV
(except 1.8V version) lo=1A - 280 550
lo =750mA, VN = VouT, 1V - 12 25
Ground Current(®) mA
lo=1A - 18 -
Ienppo Ground Pin Current at V|N = 0.1V less than specified
_ - 1.2 - mA
Dropout VOUT lOUT =10mA
Current Limit(®) Vour =0V 1.5 22 - A
(10Hz to 100kHz), I, = 100mA, C; = 10uF - 400 -
Output Noise Voltage HVRMs
(10Hz to 100kHz), I, = 100mA, C_ = 33uF - 260 -
Low (OFF) ) - - 0.8
Input Logic Voltage (V|y < 10V) \%
High (ON) 24 - -
Vex = 16V - 100 600 A
' EN . - 750 i
Enable Input Pin Input Current
Vey = 0.8V - - WA
- - 2
Regulator Output Current in - 10 -
(5) - WA
Shutdown - - 500

1. Dropout voltage is defined as the input to output differential at which the output voltage drops to 99% of its nominal value.

2. ViN = Vout (NOMINAL) + 1V; for example, V| = 4.3V for a 3.3V regulator. Employ pulse-testing procedures to minimize temperature rise.

3. Ground pin current is the regulator quiescent current. The total current drawn from the source is the sum of the load and ground currents.

4. Thermal regulation is defined as the change in the output voltage at a time T after a change in power dissipation is applied, excluding load or line

regulation effects.

5. VEN <0.8V and V|N < 16V, VOUT =0.

May 17, 2023
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Pin Information

TO-263 version available, TO-220 version obsolete

Pin Configuration

TO-263-5 Package (T5)  T0-220-5 Package (U5)
O
Top View 12345
Top View

Figure 2: SPX2941 Pin Configuration

Pin Description

Table 4: Pin Description

Pin Number |Pin Name |Description

1 ADJ Output voltage adjust pin. For more information on how to set the output voltage, see “Application
Information” on page 8.

2 EN Enable pin. < 0.8V the device is turned off and >2.4V the device is guaranteed to be turned on.

3 GND Ground pin. Connect to tab.

4 VIN Input voltage pin. Bypass to GND with 26.8uF capacitor.

5 VOUT Qutput voltage pin. Bypass to GND with 210uF capacitor.

Tab GND Ground and die attach paddle. Best thermal performance requires heat sinking to internal ground planes

using multiple vias.

May 17, 2023 244DSR00 3
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Typical Performance Characteristics
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Figure 5: Ground Current vs Load Current for 3.3V Figure 6: Ground Current vs Input Current
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Figure 7: Ground Current vs Load Current in Dropout Figure 8: Dropout Voltage vs Load Current for 3.3V
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Typical Performance Characteristics
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Figure 12: Ground Current vs Temperature at
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Figure 13: Ground Current vs Temperature in Dropout
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Block Diagram
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Figure 18: SPX2941 Block Diagram
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Application Information

Application Information

The SPX2941 incorporates protection against over-current
faults, reversed load insertion, over temperature operation,
and positive and negative transient voltage.

Thermal Considerations

Although he SPX2941 offers limiting circuitry for overload
conditions, it is still necessary to ensure that the maximum
junction temperature is not exceeded in the application.
Heat flows through the lowest resistance path, the
junction-to-case path. The tab of the device is electrically
connected to GND. To ensure the best thermal flow of the
component, proper mounting is required.The tab of the
device should be electrically and thermally connected to
the PCB’s main ground plane with multiple vias to get the
best thermal performance.

Power dissipation is calculated as follows:
Pp = (Vin—Vour) * lout
Junction temperature range is calculate as follows:

T, = Ta(max) + PD x 6, (thermal resistance,
junction-to-ambient)

The maximum junction temperature must not exceed
125°C.

Capacitor Requirements

The output capacitor s needed to ensure stability and
minimize the output noise. The value of the capacitor varies
with the load. However, a minimum value of 10uF
aluminum capacitor guarantees stability over all load

conditions. MaxLinear recommends a tantalum capacitor if
a faster load transient response is needed. If the power
source has a high AC impedance, MaxLinear also
recommends a 0.1uF ceramic capacitor between input and
ground.

Minimum Load Current

To ensure the expected regulator performance under the
light load, a minimum load of 5mA for the SPX2941 device
is required.

Typical Application Circuits

Figure 19 shows a typical applications circuit for an
adjustable output regulator. The values of R1and R2 set
the output voltage value as follows:

Vout = Vrer X [1 + (R1/R2)]

MaxLinear recommends a minimum value of 10kQ is for R2
with a range from 10kQ to 47kQ.

4
VINOTE SPX2941

6.8uF = 2
/‘\ GND

—w

Figure 19: Adjustable Output Linear Regulator

May 17, 2023
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Mechanical Dimensions

5-pin TO-263

Top View Side View
E ~—A—-
‘«E/2+ 11 Cz»r«
e—pin-] L
H
e N ) i ‘ (E) ‘
Tl \
I | —
(Ln-
- D1
onl
| F—
| | | | |
Rotated 90* CW 1 1 1 1 1
Back View
GAUGE PLANE
\‘ - SEATING PLANE
ﬁ‘ ‘ A1
g B =
5 Pin TO-263 JEDEC TO-263 Variation AA 9 Pin T0-263 JEDEC TO-263 Variation BA
DIMENSIONS IN INCH | DIMENSIONS IN MM DIMENSIONS IN INCH | DIMENSIONS IN MM
SYMBOLS (Control Unit) (Reference Unit) SYMBOLS (Control Unit) (Reference Unit)
MIN | NOM | MAX | MIN | NOM | MAX MIN | NOM | MAX | MIN | NOM | MAX
A 0.160 | — 0.190 | 406 | — | 4383 A 0.160 | — 0.190 | 406 | — | 4.83
Al 0.000 | — 10010 | 0.00 | — |0.25 Al 0.000 | — | 0010 | 0.00 | — [ 0.25
o 0020 | — 0059 | 051 | — | 099 b 0.020 | — ]0.039 |051 | — [ 099
b2 0045 | — [0070 [ 114 [ — [1.78 c 0015 T — o000 (038 — 02
- 8812 — 88;2 ?fi — ?gg 2 0045 | — | 0065 ]| 1.14 | — | 1.65
5 0355 T — o380 1558 T — Toes D 0330 ] — [0380 [838 | — | 9565
D1 0270 | — — 6.86 | — — D1 0.270 — — 6.86 — —
E || 0380 | — | 0420 | 9.65 | — |10.67 £ 0.980 | — 10420 | 969 | — }10.67
B | 0245 | — | — |62 — | — E1 0.245 6.22
e 0.100 BSC 2.54 8SC e 0.067 BSC 1.70 BSC
H 0575 | — [ 0625 |14.61] — [15.88 H 0575 | — 0625 |14.61| — |15.88
L 0.070 | — 10110 | 1.78 | — | 2.79 L 00/0 | — 10110 | 178 | — | 2.79
L1 — | — Tooee | — | — [ 1.68 L1 — — o066 | — | — | 168
L3 0.010 BSC 0.25 BSC L3 0.010 BSC 0.25 BSC
q 0| [ & | 0] [ & q o] [ & 0| [ &
N 3 3 N 5 5
Drawing No:  POD-00000021
Revision: A

Figure 20: SPX2941 Mechanical Dimensions—5-Pin TO-263
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5-pin TO-220

5-pin TO-220

TO-220 version obsolete

L1

e B

;fp

— E—PIN

e3

- e1 —=

Front View

Top View

- Al

A2

Side View

3 Pin T0-220 (Option 1)* JEDEC TO-220-AB 3 Pin T0-220 (Option 2)* 5 Pin T0-220 JEDEC TS-001 Variation AA
DIMENSIONS IN' INCH| DIMENSIONS IN MM DIMENSIONS IN' INCH| DIMENSIONS IN MM DIMENSIONS IN INCH| DIMENSIONS IN MM
SYMBOLS (Control Unit) (Reference Unit) SYMBOLS (Control Unit) (Reference Unit) SYMBOLS (Control Unit) (Reference Unit)
MIN MAX | MIN MAX MIN MAX | MIN MAX VIN A | MIN MAX
A 0140 | 0.130 3.56 4.82 A 0140 | 0.190 3.56 4.82 A 0165 | 0.190 219 482
Al 0.020 | 0.055 0.51 1.40 Al 0.020 | 0.055 0.51 1.40 M 00% | 0055 0.89 139
A2 0080 | 0115 | 2.03 2.92 A2 0080 | 0115 | 2.03 2.92 I 0085 o5 1 218 79
b 0.015 0.040 | 038 1.02 b 0,015 0040 | 038 1.02 5 0020 000 | o o1
c 0014 | 0024 | 036 0.61 c 0014 | 0024 | 036 0.61
c 0.012 0.025 | 031 0.63
] 0560 | 0650 | 14.22 | 1651 i) 0.560 | 0650 | 14.22 | 16.51
D 0.570 0.625 14.48 15.87
D1 0330 | 0385 | 838 3.02 D1 0330 | 0385 | 838 5.02
D2 0480 | 0507 | 1219 | 1288 D2 0480 | 0507 | 1219 | 1288 o1 0.530 0370 | 839 959
£ 0380 | 0420 | 965 10,67 £ 0380 | 0420 | 965 10.67 £ 0.390 0415 | 991 10.54
E1 0.270 0.350 6.86 8.89 E1 0.270 0.350 6.86 8.89 i 0-067 BSC 170 BC
e 0.100 BSC 2.54 BSC e 0.100 BSC 2.54 BSC el 0265 | 0275 | 668 | 693
el 0.200 BSC 508 BSC el 0.200 BSC 5.08 BSC &3 0030 | 0040 | 076 | 1.02
H1 0230 | 0270 | 584 6.86 H1 0230 | 0270 | 584 | 686 L 0945 | 1.045 | 2400 | 2654
L 0500 | 0580 | 1270 | 1473 L 0500 | 0580 | 1270 | 1473 U 0465 | 0539 | 1181 | 1369
L1 — 0.250 — 6.35 L1 0.345 BSC 8.76 BSC P 0139 0.156 3.53 3.96
P 0.139 0.156 3.53 3.96 P 0.139 0.156 3.53 3.96 Q 0.103 0.113 2.62 2.87
Q 0.103 | 0.113 | 2.62 2.87 Q 0103 | 0.113 | 262 2.87 U 0.300 REF 7.62 REF
v 0.240 REF 6.10 REF v 0.240 REF 6.10 REF v 0.240 REF 610 REF
q 3 7 3 7 q 3 7 3 7 q 3 7 3 7
N 3 3 N 3 3 N 5 5
* Refer to product datasheet for POD option being used * Refer to product datasheet for POD option being used
Drawing No:  POD—00000020
Revision: A

Figure 21: SPX2941 Mechanical Dimensions—5-Pin TO-220

May 17, 2023

244DSR00

10



SPX2941 Data Sheet Disclaimer

Ordering Information

Table 5: Ordering Information

Ordering Part Number Operating Temperature Range | Accuracy | Output Voltage | Package Packaging Method
SPX2941T5-L/TR —40°C <T;<125°C 3% Adj 5lead TO-263 | Tape and Reel

Note: For more information about part numbers, as well as the most up-to-date ordering information and additional
information on environmental rating, go to www.maxlinear.com/SPX2941.

MaxLinear, Inc.

/-\ 5966 La Place Court, Suite 100

Carlsbad, CA 92008

MAXLINEAR Tel.: +1 (760) 692-0711
\/ Fax: +1 (760) 444-8598

www.maxlinear.com

The content of this document is furnished for informational use only, is subject to change without notice, and should not be construed as a commitment by
MaxLinear, Inc. MaxLinear, Inc. assumes no responsibility or liability for any errors or inaccuracies that may appear in the informational content contained in this
document. Complying with all applicable copyright laws is the responsibility of the user. Without limiting the rights under copyright, no part of this document may be
reproduced into, stored in, or introduced into a retrieval system, or transmitted in any form or by any means (electronic, mechanical, photocopying, recording, or
otherwise), or for any purpose, without the express written permission of MaxLinear, Inc.

EXCEPT AS OTHERWISE PROVIDED EXPRESSLY IN WRITING BY MAXLINEAR, AND TO THE MAXIMUM EXTENT PERMITTED BY LAW: (A) THE
MAXLINEAR PRODUCTS ARE PROVIDED ON AN “AS IS” BASIS WITHOUT REPRESENTATIONS OR WARRANTIES OF ANY KIND, INCLUDING WITHOUT
LIMITATION ANY IMPLIED OR STATUTORY WARRANTIES AND ANY WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE,
NON-INFRINGEMENT, OR TITLE; AND (B) MAXLINEAR DOES NOT GUARANTEE THAT THE PRODUCTS WILL BE FREE OF ERRORS OR DEFECTS.
MAXLINEAR PRODUCTS SHOULD NOT BE USED IN ANY EMERGENCY, SECURITY, MILITARY, LIFE-SAVING, OR OTHER CRITICAL USE CASE WHERE A
FAILURE OR MALFUNCTION COULD CAUSE PERSONAL INJURY OR DEATH, OR DAMAGE TO OR LOSS OF PROPERTY. USERS ASSUME ALL RISK FOR
USING THE MAXLINEAR PRODUCTS IN SUCH USE CASE. CUSTOMERS AND USERS ARE SOLELY RESPONSIBLE FOR USING THEIR OWN SKILL AND
JUDGMENT TO DETERMINE WHETHER MAXLINEAR PRODUCTS ARE SUITABLE FOR THE INTENDED USE CASE.

MaxLinear, Inc. may have patents, patent applications, trademarks, copyrights, or other intellectual property rights covering subject matter in this document. Except
as expressly provided in any written license agreement from MaxLinear, Inc., the furnishing of this document does not give you any license to these patents,
trademarks, copyrights, or other intellectual property.
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