MPQ2016

40V, 30mA,Low lg
Linear Regulator
AEC-Q100 Qualified

The Future of Analog IC Technology -

DESCRIPTION

The MPQ2016 is a low power linear regulator
that supplies power to systems with high voltage
batteries. It includes a wide 4V to 40V input
range, low dropout voltage and low quiescent
supply current.

The MPQ2016 provides excellent line transient
response time and 50dB power supply rejection
ratio (PSRR). The MPQ2016 can be set
externally from 1.2V to 24V through a simple
resistor divider network.

The MPQ2016 also includes thermal shutdown
and current limiting fault protection. It is available
inQFN-8 package.

FEATURES

e Guaranteed Industrial/Automotive Temp
Range Limits

4V to 40V Input Range

12pA Quiescent Supply Current

<1.4pA Shutdown Supply Current

1.2V to 24V Adjustable Output

30mA Output Current with 50mA Peak
Current Limit

Better than 0.001%/mA Load Regulation
Thermal Shutdown

Available in QFN-8 Package

Available in AEC-Q100 Qualified Grade 1

APPLICATIONS

Notebook Computers
Smart-Battery Packs
PDAs

Handheld Devices
Battery-Powered Systems

All MPS parts are lead-free and adhere to the RoHS directive. For MPS green
status, please visit MPS website under Products, Quality Assurance page.

“MPS” and “The Future of Analog IC Technology” are registered trademarks of
Monolithic Power Systems, Inc.

TYPICAL APPLICATION
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mP5o MPQ2016 — 40V, 30mA, LOW POWER, LINEAR REGULATOR, AEC-Q100 QUALIFIED

ORDERING INFORMATION

Part Number Package Top Marking
MPQ2016DD* QFN-8 (2 x 3mm) R2YW
MPQ2016DD-AEC1** QFN-8 (2 x 3mm) R2YW

*For Tape & Reel, add suffix —Z (g. MPQ2016DD-2Z).
For RoHS compliant packaging, add suffix —-LF (e.g. MPQ2016DD-LF-2)

**Eor Tape & Reel, add suffix —Z (g. MPQ2016DD-AEC1-2).
For RoHS compliant packaging, add suffix —LF (e.g. MPQ2016DD-AEC1-LF-2Z)

PACKAGE REFERENCE

TOP VIEW
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QFN-8 (2mm x 3mm)

ABSOLUTE MAXIMUM RATINGS @ Thermal Resistance @ @4 6ic

IN, SHDN ...coviiiiiiiiiiieieeeieeeen, —0.3V to +42V QFN8 (2 X 3mm).....cccccvvurenne. 55 ... 12 ...°C/W
GND oo, -0.3V to Vi
FB oo —-0.3Vto + 1.5V Notes:

; P : _ o~ (2) 1) Exceeding these ratings may damage the device.
Continuous Power DISSIpatlon (TA =+25 C) 2) The maximum allowable power dissipation is a function of the
QFN8 (2X3mMm).....ccovviiiiiiiiiieene . 2.3W maximum junction temperature T; (MAX), the junction-to-
Lead Temperature ...........cooevvvveeeeeeennennns 260°C ambient thermal resistance 8,4, and the ambient temperature
Storage Temperature ______________ —65°C to +150°C Ta. The maximum allowable continuous power dissipation at

any ambient temperature is calculated by Pp (MAX) = (T,

. s 3 (MAX)-Ta)/0;a. Exceeding the maximum allowable power
Recommended Operatlng Conditions 3 dissipation will cause excessive die temperature, and the
Supply Voltage Vin...ooovvevviiiiiiiiii, 4V to 40V rer]guéator will go into thermalh Shlétdqwn- flntemal thermal
shutdown circuitry protects the evice from permanent
Output_VoItage VouT e - 1.2V to 24°1V damage.
Operating Junction Temp. (T;). -40°C to +125°C 3) The device is not guaranteed to function outside of its

operating conditions.
4) Measured on JESD51-7, 4-layer PCB.
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mP5o MPQ2016 — 40V, 30mA, LOW POWER, LINEAR REGULATOR, AEC-Q100 QUALIFIED

ELECTRICAL CHARACTERISTICS

Vin = 15V, lLoap = 5PA, Ty =-40°C To +125°C, Typical values are at T;=25°C, unless otherwise
noted.

Parameter Symbol | Condition Min Typ Max Units
Input Voltage ViN 4 40 Y
. Ty =+25°C, No load 12
Input Quiescent Current lo HA
Ty =-40°C to +125°C, No load 30
Shutdown Mode, T = +25°C 1.4 8
Shutdown Supply Current Is Shutdown Mode, Ty = -40°C to HA
10
+125°C
FB = OUT, lLoap = 1ImA 1.205 1.23 1.254
FB Threshold Vre  |FB = OUT, lLoap = 5pA to 30mA, \

T, = —40°C to +125°C 1.181 | 1.23 1.279

FB Input Current Irs Ve = 1.3V -50 +4 +50 nA
ILoap = 30mMA, Vout=5V, T3 = +25°C 700 1000
Dropout Voltage © VbRoPOUT | I oab = 30MA. Vout=5V, Tj = —40°C mV
’ ’ 1500
to +125°C
PSRR DC, lout=10mA 65 dB
Current Limit ViN = 6V 40 70 120 mA
Ground current lout=30mA 27 50 MA
Startup Response Time RL =500Q, C2 = 6.8uF, Vour =5V 1 ms
SHDN Input Threshold Vic 0.2 v
Voltage ViH 1.8
SHDN Input Current SHDN =0V or 15V 0.6 15 HA
Line Regulation \=/{7F: V10 40V, lour =ImA, Vour 0.023 0.05 %IV
Load Regulation \=/{7F:15V’ lour =SHA-30MA, Vour 0.003 0.08 %/mA

SHDN =0V or 15V,
Hysteresis = +20°C

Thermal Shutdown (M 150 °C

Note:

5) 100% production tested at TA=25°C Specifications over the temperature range are guaranteed by design and characterization.
6) Dropout Voltage is defined as the in put to output differential when the output voltage drops 1% below its nominal value.

7) Not test in production, guaranteed by design.
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mpso MPQ2016 — 40V, 30mA, LOW POWER, LINEAR REGULATOR, AEC-Q100 QUALIFIED

PIN FUNCTIONS

QFN Pin # Name Description
2 VIN Input Voltage. Connect a 4V to 40V supply to this pin.
3 GND, Ground (the exposed pad and GND pin must be connected to the same ground

Exposed Pad |plane for QFN package).
—_— Shutdown. A logic LOW on this pin will shut down the IC, a logic HIGH will be

4 SHDN enable the MPQ2016. Connect this pin to IN for automatic startup.
6 FB Feedback. This is the feedback input pin, regulated to 1.23V.
7 ouT Regulator Output.
1,5,8 N/C No Connect.
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mpso MPQ2016 — 40V, 30mA, LOW POWER, LINEAR REGULATOR, AEC-Q100 QUALIFIED

TYPICAL PERFORMANCE CHARACTERISTICS

Cin = 1MF, Cour = 4.7WF, Ta = +25°C, unless otherwise noted.

Output Voltage vs. Output Voltage vs. Output Voltage vs.
Load Current Load Current Input Voltage
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MPQ2016 — 40V, 30mA, LOW POWER, LINEAR REGULATOR, AEC-Q100 QUALIFIED

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Cin = 1pF, Cour = 4.7uF, Ta = +25°C, unless otherwise noted.

Load Transient
ViN=VsHDN=15V, VouT=12V,

Line Transient

VIN=VsHDN=7V to 12V, VouT=5V,

louT=10mA to 30mA
B :

VIN Ramp Up
VIN=VSHDN=16V,

Vout=12V, In=20mA
v

louT=20mA
: : : Vin /
: . \ 1ovrdiv
¢ Vout el e SR
ViN . . . 0.2V/div v : : s
svide ' e e TS
out | - -
1 T 5V/diV |§_,
Lo)1) 1 S |
10mA/div louT louT
................... oOmATT 2omAd B
200ps/div 200ps/div 10ms/div
VIN Ramp Down Enable Response Shutdown Response
ViN=VsHDN=16V, VIN=35V, VSHDN=6V, ViN=35V, VSHDN=6V,
Vout=12V, IINn=20mA Vout=5V, lout=30mA Vout=5V, lout=30mA
: — : : —r ——
VIN
10V/div : : : : :
: : : : : SHDN - SHDN -
| 5V/div " 5Vidiv "
Vour VIN
SVidiv : — 20V/div
7 Vout | R
VIN B 1 2V/d|v A
2(\)/V/d|v { louT
out Bl 20mA/div Bf B
| 2V/div :
20 A/odl'JT:' e e lout = 5
mAdiv _ _ 20mA/div : :
20ms/div 4ms/div 4ms/div
Load Ripple Short Circuit Short Circuit Recovery
VIN=VSHDN=28V,Vour=24V VIN=VSHDN=5V, VIN=VSHDN=5V,
louT=20mA VouTt=1.8V Vout=1.8V
[] T U
ViN I
20V/div Vour [
1Vidiv /
1 T S S SO PP PO B VOU_T £ S—
ivdiv | -
VOUT [ S T e N
10mV/div
lout
20mA/div : . louT
A IOUT P emmm— 0.1A/div
0.1A/div
10ps/div 200ps/div 200ps/div
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mpso MPQ2016 — 40V, 30mA, LOW POWER, LINEAR REGULATOR, AEC-Q100 QUALIFIED

FUNCTION BLOCK DIAGRAM

VIN ouT
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Figure 1: Functional Block Diagram
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MPQ2016 — 40V, 30mA, LOW POWER, LINEAR REGULATOR, AEC-Q100 QUALIFIED

OPERATION

The MPQ2016 is a linear regulator designed
primarily for high input voltage applications. The
MPQ2016 has an output that is adjustable from
1.2V to 24V with a simple resistor divider. The
maximum power output current is a function of
the package’s maximum power dissipation for a
given temperature.

The MPQ2016 uses external feedback, allowing
the user to set the output voltage with an external
resistor divider. The typical FB pin threshold is
1.23V.

The IC enters shutdown mode when SHDN is

The peak output current is limited to 50mA, which
exceeds the 30mA recommended continuous
output current. When the junction temperature is
too high, the thermal sensor sends a signal to the
control logic that will shutdown the IC. The IC will
restart, when the temperature has sufficiently
cooling down.

The maximum power dissipation is dependent on
the thermal resistance of the case and the circuit
board, the temperature difference between the
die junction and the ambient air, and the rate of
air flow. The GND pin and Exposed Pad must be

_ connected to the ground plane for proper
low. In shutdown mode, the pass transistor,  gigsipation.
control circuitry, reference and all biases turn off,
reducing the supply current to <2pA. Connect
SHDN to IN for automatic startup.
MPQ2016 Rev.1.02 www.MonolithicPower.com 8
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MPQ2016 — 40V, 30mA, LOW POWER, LINEAR REGULATOR, AEC-Q100 QUALIFIED

APPLICATION INFORMATION

COMPONENT SELECTION

Setting the Output Voltage
Set the output voltage of the MPQ2016 by using
a resistor divider as shown:

ouT| 7 Vour
MPQ2016 o LC2
T
FBB;
R2
GND
]

3
Figure 2: MPQ2016 with External Resistor Divider
Choose R1=76.8kQ to maintain a 54A minimum

load. Calculate the value for R1 using the
following equation:

R1=R2x Vour_ -1
1.23V

Input Capacitor

For proper operation, place a 1uF to 10uF
ceramic capacitor (C1) between the input pin and
ground. Larger values in this range will help
improve line transient response.

Output Capacitor

For stable operation, use a 1uF to 10uF ceramic
capacitor (C2) between Vout to Ground. Larger
values in this range will help improve load
transient response and reduce noise.

To improve load transient response, add a small
ceramic 22nF feed forward capacitor in parallel
with R1(X7R type capacitor is recommended for
their performance over temperature). The feed
forward capacitor is not required for stable
operation.

Output Noise

The MPQ2016 will exhibit noise on the output
during normal operation. This noise is negligible
for most applications. However, in applications

that include analog-to-digital converters (ADCS)
of more than 12 bits, one needs to consider the
ADC'’s power supply rejection specifications.

The feed forward capacitor C3 across R1 will
significantly reduce the output noise.

Output Short Circuit Protection

The MPQ2016 is protected for most of the
applications where the VOUT<5V. However,
when the output is shorted to GND with high
input voltage (VIN>36V) and High output voltage
(VOUT>7V) the parasitic inductance will caused
a current spike in the loop. It is recommended to
add a 100Q resistor from MPQ2016 GND to
power GND to protect the MPQ2016.

V
ouT| 7 T

MPQ2016 Ry LC2

a7

Figure 3: Short Circuit Protection Resistor
External Reverse Voltage Protection

In some situations, e.g. a backup battery is
connected as MPQ2016 load, the output voltage
may be held up while the input is either pulled to
ground to some intermediated voltage or is
floating. Thus, the output voltage is higher than
input voltage. Since MPQ2016 internal NMOS
pass element has a body diode, a current will
conduct from the output to input and is not
internally limited. It's possible that the IC will be
damaged by this unlimited reverse current. To
avoid this, it's recommended to place an external
diode at input like below.
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mpso MPQ2016 — 40V, 30mA, LOW POWER, LINEAR REGULATOR, AEC-Q100 QUALIFIED

PCB Layout Guide (1) Input and output bypass ceramic capacitors
PCB layout is very important to achieve good are suggested to be put close to the IN Pin
regulation, ripple rejection, transient response and OUT Pin respectively.

f:éjomr;lirg;: tgerg%rrﬂsgtcee. E\}:B IIZ ou?lg?cl)); (2) Ensure all feedback connections are short
ontimum performance P y and direct. Place the feedback resistors and
P P ' compensation components as close to the
If change is necessary, please follow these chip as possible.

guidelines and take Figure 4 for reference. (3) Connect IN, OUT and especially GND

respectively to a large copper area to cool
the chip to improve thermal performance
and long-term reliability.

4

C3 out

1

5

=
X

EE R3
] C
TLE
Ceee

TIC
2

Top Layer Bottom Layer

Figure 4: PCB Layout
Design Example

The detailed application schematic is shown in Performance Characteristics section. For more
Figure 5. The typical performance and circuit device applications, please refer to the related
waveforms have been shown in the Typical Evaluation Board Datasheets.
u1l
14-40V 2 12V@40mA
vin ¢ [] IN out |/ ‘ [ ] vour
ClL r3| —Lne NC [P —c3 % R1 lCZ oD
1uF T :
GND H '100kQ§ MPQ2016DD |, ,, - a7
4 A N/C 215kQ
B 6
sHDN LI SHON g\p  FB = =
3 R2
24.9kQ
100
RE A

Figure 5: 12V Output Application Schematic
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PACKAGE INFORMATION

QFN8 (2mm x 3mm)

- 0.30 B 1.65 _ PIN1ID
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SIDE VIEW DETAIL A
< 290 NOTE:

0.70— "‘ W 1) ALL DIMENSIONS ARE IN MILLIMETERS.

v | —— 2) EXPOSED PADDLE SIZE DOES NOT INCLUDE MOLD FLASH.
0.25— |:::| ~ y 3) LEAD COPLANARITY SHALL BE 0.10 MILLIMETER MAX.

A . ! " 4) DRAWING CONFORMS TO JEDEC MO-229, VARIATION VCED-2.

- I::l | |::| 5) DRAWING IS NOT TO SCALE.
0.50—:L I et - —1.60

A

! ! !
: S|

NOTICE: The information in this document is subject to change without notice. Users should warrant and guarantee that third
party Intellectual Property rights are not infringed upon when integrating MPS products into any application. MPS will not
assume any legal responsibility for any said applications.
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