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NSR31 series

40-V, 150-mA, Low Quiescent Current,

A A Automotive Low-Dropout Regulator
Product Overview Applications

NSR31 series is 150 mA low-dropout linear regulator
designed for battery-direct-connection automotive
applications. Wide supply voltage range from 3 V to 40 V
makes NSR31 series a good fit for severe operating
conditions including load dump, cold cranking and start-
stop.

With 5 pA quiescent current at light loads, NSR31 series is
quite suitable for always-on automotive applications where
standby power consumption is strictly restricted.

With integrated compensation implementation, NSR31
series can be stable with low-ESR (1 mQ to 3 Q) ceramic
output capacitor, ranging from 2.2 uF to 100 pF.

The device features integrated short-circuit-to-GND and
thermal shutdown protections. This device operates in
ambient temperatures from -40 °C to 125 °C.

Key Features

e AEC-Q100 Qualified (Grade 1) for Automotive Applications
* 3Vto40VWide Supply Voltage Range
¢ OQutput Current Range: Up to 150 mA
* Low Quiescent Current:
5 pA (Typ.) at No Load
* Low Dropout Voltage: 620 mV @ 150 mA / 5V Vout
* Low ESR Ceramic Output Stability Capacitor (2.2 uF - 100 pF)
* Integrated Fault Protection:
Short-Circuit-to-GND protection
Thermal Shutdown

* RoHs &REACH compliance

Copyright © 2023, NOVOSENSE

* Infotainment

* PowerTrain

* Cluster

* Body Control Module

¢ Battery Connected Always-On System

Device Information

Output
Voltage
NSR31025-Q1 | 2.5V

Part Number Package

SOT-223, SOT-23-5L, DFN-8

NSR31033-Q1 3.3V SOT-223, SOT-23-5L, DFN-8

NSR31050-Q1 5V SOT-223, SOT-23-5L, DFN-8

NSR31133-Q1 3.3V SOT-23-5L

NSR31150-Q1 5V SOT-23-5L

Typical Application
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NSR31 series

1. Pin Configuration and Functions

1 2 3
IN GND ouT

Figure 1 SOT-223 Pin-out (Top View)

PIN NO. SYMBOL FUNCTION
1 IN Power supply pin.
2,4 GND Ground reference.
3 ouT Regulated output voltage pin.
INCT | 1 5 [T Jout
NCCT | 2
GND [T 3 4 |TIGND

Figure 2 SOT-23-5L (NSR310 Version) Pin-out (Top View)

PIN NO. SYMBOL FUNCTION
1 IN Power supply pin.
2 NC Connect to GND or floating only.
3,4 GND Ground reference.
5 ouT Regulated output voltage pin.
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NSR31 series

GND[C T |1 5 [T INC
INCT ] 2
outT[—T ] 3 4 T TINC

Figure 3 SOT-23-5L (NSR311 Version) Pin-out (Top View)

PIN NO. SYMBOL FUNCTION
1 GND Ground reference.
2 IN Power supply pin.
3 ouT Regulated output voltage pin.
4,5 NC Not connected.
N[ 1) (8 ]our
ne [ 3) e (e | ne
G\D | 4) (5 | nc
Figure 4 DFN-8 Pin-out (Top View)
PIN NO. SYMBOL FUNCTION
1 IN Power supply pin.
2,3,5,6,7 NC Not connected.
4 GND Ground reference.
8 ouT Regulated output voltage pin.
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NSR31 series

2. Absolute Maximum Ratings

Parameters Symbol Min Typ Max Unit
Input Voltage of IN Vin -0.3 42 v
Regulated Output Voltage Vour -0.3 7 v
Junction Temperature T, -40 150 °C
Storage Temperature Tstg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device.
(2) All voltage values are with respect to the GND terminal.

3. ESD Ratings

Parameters Value Unit
Human-body model (HBM), per AEC-Q100-002-RevD +2000 v
V(ESD) Electrostatic discharge
Charged device model (CDM), per AEC-Q100-011-RevB +750 v

4, Recommended Operating Conditions

Parameters Symbol Min Typ Max Unit
Power Supply Voltage Vin 3 40 v
Output Current Range lour 150 mA
Input Capacitor Value Cin 0.1 1 uF
Output Capacitor Value Cour 2.2 100 uF
Output Capacitor ESR Value ESR 0.001 3 Q

5. Thermal Information

Parameters Symbol SOT-223 SOT-23-5L DFN-8 Unit
IC Junction-to-Ambient Thermal Oun 63.1 207.9 45.8 °C/W
Resistance
Junction-to-case thermal Bic 46.3 121.9 9.0 °C/W
resistance
Junction-to-case characterization Yic 6.2 15.7 1.1 °C/W
parameter

(1) The thermal data is based on the JEDEC standard high-K profile, JESD 51-7, four layer board.

6. Specifications

6.1. Electrical Characteristics
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NSR31 series

Vin=13.5V, Ta=-40 °C to 125 °C. Unless otherwise noted, typical value is at Ta=25 °C.

Parameters Symbol Min Typ Max Unit Comments
Supply Voltage and Current
Supply voltage Vin 3 40 v
Supply voltage threshold
VinTHi 2.97 v Vin ramps up
(Rising)
Supply voltage threshold
VinH2 2.5 Y Vin ramps down
(Falling)
5 8.8 HA lour=0 mA
Quiescent current lq
8.2 12.7 HA lour=0.2 mA
Regulated Output
Output current limit lout_cL 160 mA
Vour = Vour_serx 0.95
Dropout voltage® Voropout 620 1050 mvV
lour= 150 mA, Fixed 5V version
Output voltage accuracy Vour_err -2 2 % lour=1mA
Line regulation Vine_Reg 10 mV Vin=61t0 40V, lour=30 mA
Load regulation / Vout 1.5 % Vin=13.5V, lour =1 mA to 150 mA
lour=10 mA, frequency = 100 Hz
85 a | » Irequency ’
Cour=2.2 uF
Power supply ripple rejection PSRR
lour=10 mMA, frequency = 1 kHz
70 a | » Irequency ’
Cour=2.2 uF
Operating Temperature
Device thermal shutdown
Tso 175 °C
temperature
Device thermal shutdown
. Thvst 20 °C
temperature hysteresis

(1) The dropout voltage refers to the minimum voltage between Viy and Vour that needed for regulation.
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6.2. Typical Performance Characteristics

Unless otherwise noted, typical value is at Viy=13.5 V.

3 4
2.9 3.9
2.8 3.8
- 27 > 37
o o
ED 2.6 ED 3.6
s 25 _—— S 35
é 2.4 2 34
s s
o 2.3 o 3.3 /___/
2.2 3.2
2.1 3.1
ILoad =1 mA ILoad =1 mA
2 3
-50 -25 0 25 50 75 100 125 150 50 -25 0 25 50 75 100 125 150
Junction Temperature - °C Junction Temperature - °C
Figure 5 2.5-V Output Voltage vs Junction Temperature Figure 6 3.3-V Output Voltage vs Junction Temperature
6 4
5.8 3.5
5.6 _ 3
o an 2.5
o 52 s
= S
o 5 > 2
> ——— "
3 48 £ 15
=1 (@]
O 46
1
4.4
0.5
4.2
ILoad =1 mA No Load
4 0
50 25 0 25 50 75 100 125 150 0 5 10 15 20 25 30 35 40 45
Junction Temperature - °C Supply Voltage - V
Figure 7 5-V Output Voltage vs Junction Temperature Figure 8 3.3-V Output Voltage vs Supply Voltage
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Output Voltage -V

No Load

0 5 10 15 20 25 30 35 40 45
Supply Voltage -V

Figure 9 5-V Output Voltage vs Supply Voltage
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Figure 10 Dropout Voltage vs Output Current
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Figure 11 Quiescent Current vs Output Current
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Figure 12 Quiescent Current vs Supply Voltage
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120
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Frequency - Hz
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Figure 13 Power Supply Rejection Ratio (PSRR)

Vour(AC)
50mV/div

P
.

Vin
5V/div
1 ms/div

Vour(AC)
100mV/div

lout
50mA/div

~

1 ms/div

Vn=9Vto16V 10=10mA Cour=2.2 uF

Figure 14 Line Transient

> 4

Vour
1v/div

[

1 ms/div

Vn=0Vto13.5Vto0V lo=0mA Cour=2.2uF

Figure 16 Power Up & Down
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lo=1mAto150mA Vin=13.5V Cour=2.2uF

Figure 15 Load Transient
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7. Detailed Description

7.1. Overview

NSR31 series is 150 mA low-dropout linear regulator designed for battery-direct-connection automotive applications.
Wide supply voltage range from 3 V to 40 V makes NSR31 series a good fit for severe operating conditions including load
dump, cold cranking and start-stop. With 5 pA quiescent current at light loads, NSR31 series is quite suitable for always-
on automotive applications where standby power consumption is strictly restricted. With integrated compensation
implementation, NSR31 series can be stable with low-ESR ceramic output capacitor, ranging from 2.2 pF to 100 pF.

7.2. Block Diagram

IN B] T3 [ o H] ouT

<

UvLO Main Control }<—<lj
A Vv

ref
Band Viet OCP
Gap '

OoTP

ANV

Figure 17 Functional Block Diagram
7.3. Feature Description
7.3.1. Input

The IN pinis a high-voltage-tolerant pin. A capacitor with a value higher than 0.1 uF is recommended to be connected
close to this pin to better the transient performance.

7.3.2. Input Under-voltage Lockout (UVLO)

When input voltage is lower than UVLO threshold (Vinri), output is shut off as the device shuts down. When the input
voltage rises to the turn-on threshold voltage (Vinu1), the device restarts. The turn-on threshold voltage is higher than
the UVLO threshold voltage.

7.3.3. Output

The OUT pin is the regulated by internal reference to 2.5V, 3.3V and 5 V. To obtain a desired output voltage, a higher
level input voltage is needed to apply in input pin. When input voltage is very close to desired output voltage in heavy
load, or lower than desired output, the output tracks the input minus a drop based on the load current.

7.3.4. Output Current Limit

The output has a current limit protection, when load current is higher than current limit threshold or output is shorted
to ground, output current is limited at threshold level.

7.3.5. Thermal Shutdown (TSD)
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NSR31 series

When junction temperature exceeds thermal protection threshold (Tsp), the device shuts down immediately. When the
junction temperature falls below the TSD trip point minus the hysteresis of TSD (Tuyst), the output turns on again.

7.4. Typical Application
7.4.1. Application Circuit

NSR31 series is 150 mA low-dropout linear regulator designed for battery-direct-connection automotive applications.
With supply voltage range from 3V to 40 V and 5 pA quiescent current at light loads, NSR31 series is quite suitable for

always-on automotive applications where standby power consumption is strictly restricted. The following application
schematic shows the typical usage of the NSR31 series.

Vear N N ouT VreG I

Cn -
1 lcom

(1D

Figure 18 Typical application circuit of NSR31 series

7.4.2. Input and Output Capacitor

For input, a decoupling capacitor is needed with a minimum 0.1 pF capacitance. The voltage rating must be greater than
the maximum input voltage. A low ESR, X5R- or X7R-type ceramic capacitor is recommended.

For output, the device requires an output capacitor for loop stability. The output capacitor value should be between 2.2
pF and 100 pF. The ESR value range should be less than 3 Q. A low ESR, X5R- or X7R-type ceramic capacitor is
recommended.

7.4.3. Power Dissipation and Thermal Calculations

The power dissipation and junction temperature of the chip need to be evaluated before use. For the NSR31 series, the
power dissipation of the chip consists of two parts: 1. Power dissipation due to MOSFET voltage drop from input to
output. 2. Power dissipation generated by other basic circuits in the chip. The above power dissipation can be calculated
using the following formula, where Py stands for power dissipation.

Pp = (Vin — Vour) X Ioyr + Vin X Ig

lq is much smaller than loyr when the chip loading, the second term of formula above can be ignored in most cases.
Under certain heat dissipation conditions, the chip junction temperature (T,) can be calculated by combining the top
case temperature (T¢) and the Junction-to-case characterization parameter (¥,c), as shown in the formula below:

T']=11U]CxPD+TC

It’s recommended to estimate the junction temperature for the application to avoid long-term operating temperatures
exceeding 150 °C.
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8. Layout Example
8.1. Layout Guidelines

For input trace, capacitors should be close to IN pin and GND pin, the distance should be less than 10 mm. For output
trace, capacitors should be close to current path. Both input and output traces should be wide enough for rating current
capability. For GND trace, large polygon plane should be used for better heat dissipation, via arrays are recommended
connect multiple layers to improve thermal performance.

8.2. Layout Example

Figure 20 SOT-23-5L (NSR310 Version) Layout Example

:
Thermal

Pad
(6

Figure 21 SOT-23-5L (NSR311 Version) Layout Example Figure 22 DFN-8 Layout Example
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9. Package Information

9.1. SOT-223

9.1.1. Tape and Reel

NOTES:

1. MATERIAL: POLYSTYRENE (BLACK).
2.ALL DIMENSIONS NOTED ARE IN MILLIMETERS.
3. TOLERANCE ON ALL DIMENSIONS (NOT OTHERWISE NOTED) IS +0.25.

l'//_k
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i, &

o 2 &

[ Tom
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— - 16.4138

[

#10042.0—

$330+2.0

SEE DETAIL ©
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T |-—4.0010‘10*|

r1.75+010

|

AP—P-—D—¢

RE

S*MAX b

I—S.SUiU.Uj
|

123318

NOTES:

MM

1.10 sprocket hole pitch cumulative tolerance +0.2
2.Carrier camber is within 1Tmm in 250mm

3.MATERIAL:CONDUCTIVE POLYSTYRENE
4.ALL DIMS IN
5.There must not be foreign body adhesion and the state
of the surface must be excellent

6.6330 PLASTIC—Reel, 60625pockets(485m)

& 7.Surface resistance 1X10ES5<Rs<1X10E9 OHMS/SQ

RO.S0 | 1 [ |
] |
1 - 7 — _[ — ——
A
i ! |
Lm
A 8150 MIN/ 8.000.10
S|STMAX ~1.90£0.10
[
] ! gﬂ
' |
0307 ° Ty
7.05238%
Section A-A"

Section B-B’
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I I
71| 22 71 | 22
23: Z4 23: Z4
| |
PIN1 ZONE: Z3
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9.1.2. Mechanical Data

i
| I
! !
F F
//V - \\\
v } L
\\\77,//,
$1.00 DEPTH 0.10£0.05
‘ I T I I
o
! j: ! j:

<

p— J
T:’l 8
N
N
/**
Il T
0.2533C— =
b, 52—
~—b 1, b3—(?
) h
WITH PLATING/ BARE METAL

SECTION F—F&G-G

NOTES:

ALL DIMENSIONS REFER TO

(UNITS

COMMON DIMENSIONS

OF MEASURE=MILLIMETER)

SYMBOL

MIN NOM

MAX

1.80

I | =

0.02 -

0.10

1.50

AN | —

0.80

0.67 —

oo ||

0.66 0.7

o
N

2.96 -

3 2.95 3.00 5
c 0.24 — 0.35
cl 0.23 0.25 0.30
D 6.43 6.48 6.58
E 6.80 7.00 7.20
=y 3.30 3.38 3.53
e 2.25 2.30 2.25
el 4.50 4.60 4.70
L 0.80 1.00 1.20
L1 81REF

R 0.10 — —
R1 0.10 — —
0 0 — 8°
01 10 12° 14°

JEDEC

STANDARD TO261—AA

MOLD FLASH OR PROTRUSIONS, BODY LENGTH INCLUDING MOGLD

SHALL NOT EXCEED

6.7mm.

DO NOT INCLUDE

PROTRUSIONS
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9.1.3. Recommended Land Pattern

LAND PATTERN EXAMPLE

0.95

\ SOLDER MASK

OPENING

K//——— PAD EDGE

_> 4—
0.07MAX

NON-SOLDER MASK
DEFINED PAD

NOTES: ALL LINEAR DIMENSIONS ARE IN MILLIMETERS.

0.95
] :
[} [}
: |
i :
! ! SOLDER MASK
; i OPENING
2.15/ :
[} [}
[} }
; ; PAD EDGE
| W
[}
\ i
— L= =—=—H
0.07MIN

SOLDER MASK
DEFINED PAD
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9.2. SOT-23-5L
9.2.1. Tape and Reel

NOTES:

1. MATERIAL: POLYSTYRENE (BLACK).

2.ALL DIMENSIONS NOTED ARE IN MILLIMETERS.

3. TOLERANCE ON ALL DIMENSIONS (NOT OTHERWISE NOTED) IS +0.25.

uesto.os-l |— m.ssxu‘ns\ -1300&0.10[— ’—momlo——l . 1752010
—
[ \ I

&
°
&

8,008
B

LB.ED!I:[].[JS

i i |
Pty

| |
L‘i.ﬂﬂtﬂ.lﬂ— \-ﬁl.DSi[LDE -

Section B-B'

Section A-A’

NOTES:
1.MATERIAL:CONDUCTIVE PS O +0—6+0-

2.ALL DIMS IN MM T T
3.There must not be foreign body adhesion and the state 71 lE Zl_l_zz

of the surface must be excellent
4.A permissible difference of the accumulation pitch

of the sending hole is assumed to be =0.2 up to 10 pitches z3 : z4 z3 : z4
5.6560 PAPER—Reel, 255000pockets(1020m) T T
6.Surface resistance 1X10E5~1X10E9 OHMS/SQ PIN1ZONE: Z3
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9.2.2. Mechanical Data

DUMMY PIN

OPTION
0 COMMON  DIMENSIONS
. | {(UNITS OF MEASURE=MILLIMETER)
W " ‘ ‘ ‘ SYMBOL MIN NOM MAX
| i | A - - 1.25
I Al 0 - 0.15
‘ ! ‘ A2 1.00 1.10 1.20
A3 0.60 0.65 0.70
E - — — E Alb 0.34 = 0.45
/AN b1 0.34 0.38 0.41
‘ | ‘ NI 0.12 - 0.20
A e 0.12 0.15 0.16
m tj ‘ D 2.806 | 2.926 | 3.026
E 2.60 2.80
7 Al 1526 | 1.608
e ‘ . A 0.90 0.95
PIN #1 . - =
! el e 0 1.90
A K 0 -
L 0.30
L 0.
] L? 0
f \ Al M 0.10 0.20
' R 0.05 — 0.20
R1 0.05 - 0.20
0 5§ — 8
01 8 0 2
07 10 10’ iES

NOTES:
b T.ALL DIMENSIONS REFER TO JEDREC STANDARD MO—178 AA DO NOT INCLUDE MOLD FLASH
b OR PROTRUSIONS.
W PLATING 2.DAMBAR PROTRUSION SHALL BE 0.08mm TOTAL IN EXCESS OF THE "b" DIMENSION AT
[ T YITH LATING MAXIMUM MATERIAL CONDITION.

BASE METAL
SECTION B-8
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9.2.3. Recommended Land Pattern

LAND PATTERN EXAMPLE

¢
11 |

3 | | i

0.6 | | —t -
v | | |
I |
[ | [
| | |

A ——————¢ 19
| | |
|

0.95 | | |
| ! |

T— -1 | —t T
| | |
[ | [
l< |
N 2.6 >

I: 1.6 =I I: 1.6 =I
PAD EDGE , i PAD EDGE
o6 ‘/_ | i/_
™\__SOLDER MASK | \__SOLDER MASK
OPENING i i OPENING
> | iy |
0.07TMAX 0.0Y]IVTIE
NON-SOLDER MASK SOLDER MASK
DEFINED PAD DEFINED PAD
NOTES: ALL LINEAR DIMENSIONS ARE IN MILLIMETERS.
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9.3. DFN-8
9.3.1. Tape and Reel

e 12’“““&

1.1:0.2

&4‘:

NOTES:

1. MATERIAL: POLYSTYRENE (BLACK).

2.ALL DIMENSIONS NOTED ARE IN MILLIMETERS.

3. TOLERANCE ON ALL DIMENSIONS (NOT OTHERWISE NOTED) IS £0.25.

=
>\©f\®d\

Y e

4,001 [~ 20£0.05 —=—m

1750, =
|
: AN

3.5£0.05
g'\ N
N

| | 5
| 3
4
Lo H-otl-ot-at-ot T
< N [\ 1 I
[ [ N ! ! 4
. | | 7
| | ' »
4001 B . r——m 81101 11201
s.ztm—o—/\ Section B-B’
}
gqa gﬁa
? 7 77
Section A-A’

NOTES:
1.10 procket hole pitch cumulative tolerance +0.2 _e__'_@_e_ _|_@_

2.The meander of the tape is assumed with 1mm or

less every 100mm between 250mm 1 1
3.MATERIAL:CONDUCTIVE POYSTYRENE 71| 72 71| 72
4 ALL DIMS IN MM

5.There must not be foreign body adhesion and the state | I

of the surface must be excellent Z3 | Z4 Z3 | 74

6.17" PAPER—Reel, 250000 pockets(1000m) T i
PIN1ZONE: 71

7.Surface resistance 1X10E5~1X10E9 OHMS/SQ
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9.3.2. Mechanical Data

COMMON DIMENSIONS
(UMITS OF MEASURE=MILLIMETER )

—

— SYMBOL WIN NOM MAX
bt A 0.80 0.85 0.90
] =[] Al 0.00 0.02 0.05
= 1
LASER WARK. T A3 0.203REF
PN 11D, b 0.20 0.25 0.30
T — E [} 2.95 3.00 3.05
w . & = E .85 3.00 3.08
i — 1= D2 1.35 145 1.60
T E2 2,10 2.20 2.35
b2 0.55 0.65 0.75
] ] 0.425 0.475 0.525
L W 0.30REF
-
3} —I l—
OB WEW SIE EW SOTTOM VEW
] m]
HOTES:
S0 vEw

ALL DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS,

Copyright © 2024, NOVOSENSE
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9.3.3. Recommended Land Pattern

LAND PATTERN EXAMPLE

B 17 |
| |
v T |
< | > I ____I_____A_
I | ' |
0.25" i | i
|
: | :
|
== | |
|
0.65 ———!————-—————+————— ————!————¢_ 25
| ' |
T T | !
|
| | |
| ' |
i | i
| I R D 1
I I I
!: 2.9 =!

/ PAD EDGE :'""""":"""""": PAD EDGE
’ i /
0.25 0.25| ! :
1N SOLDER MASK ' N SOLDER MASK

—He OPENING = ==m=mmmmmmmmmmmmees e OPENING
0.05MAX 0.05MIN
NON-SOLDER MASK SOLDER MASK
DEFINED PAD DEFINED PAD

NOTES: ALL LINEAR DIMENSIONS ARE IN MILLIMETERS.
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10. Order Information

Orderable Part Number ‘ MSL Package SPQ Marking
NSR31050-QSTBR 3 SOT-223 2500 050Q
NSR31033-QSTBR 3 SOT-223 2500 033Q
NSR31025-QSTBR 3 SOT-223 2500 025Q
NSR31050-QSTAR 3 SOT-23-5L 2500 050Q
NSR31033-QSTAR 3 SOT-23-5L 2500 033Q
NSR31025-QSTAR 3 SOT-23-5L 2500 025Q
NSR31050-QDNR 1 DFN-8 3000 050Q
NSR31033-QDNR 1 DFN-8 3000 033Q
NSR31025-QDNR 1 DFN-8 3000 025Q
NSR31150-QSTAR 3 SOT-23-5L 2500 050F
NSR31133-QSTAR 3 SOT-23-5L 2500 033F

Copyright © 2024, NOVOSENSE
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11. Revision history

Revision Description

1V0 Initial released version 2023/12
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IMPORTANT NOTICE

The information given in this document shall in no event be regarded as any warranty or authorization of, express or implied,
including but not limited to accuracy, completeness, merchantability, fitness for a particular purpose or infringement of any third
party’s intellectual property rights.

You are solely responsible for your use of Novosense’ products and applications, and for the safety thereof. You shall comply with
all laws, regulations and requirements related to Novosense’s products and applications, although information or support related
to any application may still be provided by Novosense.

The resources are intended only for skilled developers designing with Novosense’ products. Novosense reserves the rights to
make corrections, modifications, enhancements, improvements or other changes to the products and services provided.
Novosense authorizes you to use these resources exclusively for the development of relevant applications designed to integrate
Novosense’s products. Using these resources for any other purpose, or any unauthorized reproduction or display of these
resources is strictly prohibited. Novosense shall not be liable for any claims, damages, costs, losses or liabilities arising out of the
use of these resources.

For further information on applications, products and technologies, please contact Novosense (www.novosns.com ).

Suzhou Novosense Microelectronics Co., Ltd
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