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The Future of Analog IC Technology -

800mA High PSRR, ULDO
Regulator

DESCRIPTION

The MP2005 is a micro power, ultra low-dropout
LDO linear regulator. It has a 1.0V to 5.5V input
voltage range and can regulate the output
voltage from as low a s 0.5V. The MP2005 can
supply upt o0 800mA of load curr  ent with a
typical dropout voltage of 90mV. It requires a
bias supply (2.7V to 5.5V) separate from V |y to
run the int  ernal reference and LDO drive
circuitry. The output current comes directly from
the input v oltage sup ply for hig h efficiency
regulation. The 0.5V in ternal refere nce voltage
allows the o utput to be programmed to a wide
range of voltages (0.5V to 4V).

A low bias current of 100uA makes the MP2005
ideal for use in battery-powered a  pplications.
The bias supply V gas can be dire ctly applied
from the ba ttery while V| is powered from the
high efficiency buck regulator (or other
secondary supply). This reduces output noise
and the size of the decoupling capacitor.

Other features of MP2005 inclu de thermal
overload an d current limit protection, stability
with ultra low ESR ceramic capacitors as low as
1uF, and fa st transient response. The MP2005
is available ina8-pin QFN (2 mmx3 mm)

FEATURES
o Wide 1.0V to 5.5V Input Voltage Range
o Stable with 1uF Ceramic Capacitor
¢  Ultra-Low Dropout (ULDO) voltage: 900mV@800mA
e 2% Accurate Output Voltage
¢ Adjustable Output Range of 0.5V to 4V
e High PSRR
0 65dB at 1KHz
0 48dB at 1MHz
e Better Than 0.0005%/mA Load Regulation
e Stable With Low-ESR Output Capacitors
elLow 100pA Ground Current
e Internal Thermal Protection
e Current Limit Protection
o 1pA Typical Quiescent Current at Shutdown

APPLICATIONS

o Low Current Regulators

e Low Power Handheld Devices

o Battery Powered Systems

e Cellular Phones

e Portable Electronic Equipment

e Post Regulation for
Supplies

e Power Supplies

Switching Power

“MPS” and “The Future of Analog IC Technology” are Registered Trademarks of

package. Monolithic Power Systems, Inc.
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MP2005 - 800mA, HIGH PSRR,ULDO LINEAR REGULATOR

ORDERING INFORMATION

Part Number*

Package Top Marking

Free Air Temperature (T,)

MP2005DD

QFN8 (2mm x 3mm) N3

—40°C to +85°C

* For Tape & Reel, add suffix -Z (e.g. MP2005DD-2Z)

PACKAGE REFERENCE

TOP VIEW
N 1 ourt
BiAS |2} FB
NC |37 NC
GND |47 EN

EXPOSED PAD _/
ON BACKSIDE
CONNECT TO GND

For RoHS compliant packaging, add suffix —LF (e.g. MP2005DD-LF-Z)

ABSOLUTE MAXIMUM RATINGS !

VBIAS; V|N toGND......ieeeeee —0.3V to +6V
FB,ENtO GND .......ccccviieeeeiiereee, —-0.3V to 6V
OUT et -0.3V to 6V
Continuous Power Dissipation (T = +25°C) @

................................................................... 2.3W
Junction Temperature.......ccccccevevvvveeveennee. 150°C
Lead Temperature ...............ooeeeeeeeennneen. 260°C
Storage Temperature ............. —-65°C to +150°C
Recommended Operating Conditions )

Input Voltage ViN.eeeeeeeeeeeeeeeiien, 1.0V to 5.5V
Input Voltage Veias ccoooveeeeereevennnnnnn. 2.7V to 5.5V
Output Voltage..........ccoevvivviieeennnnn. 0.5V to 4.0V
Load Current.............ccoeeeee. 800mA Maximum
Operating Temperature............. —40°C to +85°C

Thermal Resistance
QFN8 (2mm x 3mm)............... 55...... 12... °C/W

Notes:

1) Exceeding these ratings may damage the device.

2) The maximum allowable power dissipation is a function of the
maximum junction temperatu re T ;(MAX), the junction-to-
ambient thermal resistance 6,,, and the a mbient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp(MAX)=(T,(MAX)-
Ta)/0,a. Exceeding the maximum allowable power dissipation
will cause excessive die temperature, and the regulator will go
into thermal sh utdown. Inte rnal thermal shutdo wn circuitr y
protects the device from permanent damage.

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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mps MP2005 — 800mA, HIGH PSRR,ULDO LINEAR REGULATOR

ELECTRICAL CHARACTERISTICS
Vin = 1.5V, Vgias = 3.6V, Vour = 1.2V, C2 =4.7uF, C3 = 1uF, T, = +25°C, unless otherwise noted.

Parameter Symbol | Condition Min Typ Max | Units
Vn Operating Voltage 1.0 55 \Y
Vgias Operating Voltage 2.7 5.5 \Y
V\n Operating Current Vout = 1.2V 4 10 MA
VBIAS Operating Current IOUT = 10}JA, VOUT =12V 100 150 }JA
. lour = TmA to 800mA 0.490 | 0.500 | 0.510
FB Regulation Voltage 40°C < T < +85°C, Vour =05V | 04870500 | 0512 |
Dropout Voltage lour = 800mMA, Vgjas = 3.6V 70 90 mV
lour = TMA,
V\y Line Regulation Vin= 1.0V to 5.5V 0.002 %IV
VBIAS = 3.6V VOUT = 0.5V
IOUT = 100mA,
Vpgias Line Regulation Veias = 2.7V to 5.5V Vgour = 0.5V 0.04 %IV
V|N =1.5V
Load Regulation lout = 1mMA to 800mA 0.0005 %/mA
Vin > Vour + 0.5V, C2 = 10pF,
PSRR VI (ACY 2 100mV. f = 1MHz 48 dB
EN Input High Voltage 1.3 \Y
EN Input Low Voltage 0.8 \
EN Input Bias Current Ven = 1.2V -1 +1 MA
Thermal Protection 155 °C
Thermal Protection Hysteresis 30 °C
GND Current lLoap = 500mA 110 150 MA

PIN FUNCTIONS

Pin # Name |Description

1 IN Power Source Input. Bypass IN to GND with a 1uF or greater capacitor.
2 BIAS |Bias Voltage. Bypass to GND with a 1uF capacitor (or greater)

3,6 NC No Connect.
4 GND |Ground.

Enable Input. Drive EN high to turn on the MP2005, drive EN low to turn it off. For

SEN automatic startup, connect EN to Bias.
7 FB Feedback Input. Connect a resistive voltage divider from OUT to FB to set the output
voltage. OUT feedback threshold is 0.5V.
8 ouT Regulator Output. OUT is the output of the linear regulator. Bypass OUT to GND with a
1uF or greater capacitor.
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MP2005 - 800mA, HIGH PSRR,ULDO LINEAR REGULATOR

mes

TYPICAL PERFORMANCE CHARACTERISTICS
C1=C3=2.2uF, C2=4.7uF, Vex=Vpgias=3.6V, To=25°C, unless otherwise noted

Voltage Dropout PSRR vs. PSRR vs. V|N
Frequency
120 90 50 7 —
N 80 / C2=10pF
> 5
E 100 / 70 40
w / 60 -
Q & = C2=10pF —~
= // g 50 i g 3
x
o 60 / x40 2
= ) o 30 @ 20 —| C2=1uF
o) 40 20
S 10 10|yNTL Y
x 20 = — V|N=1 5V B VOUT=1 2V
a VIN 2.-5V o FVour=1.2v louT=0.1A
0 VB|AS=4-5V 10 IOUT=0-1A C2=1uF | 0 f=1MHz
0 200 400 600 800 1000 01 1 10 100 1000 10000 12 14 16 1.8 2.0 22 24 26
LOAD CURRENT (mA) FREQUENCY (KHz) INPUT VOLTAGE (V)
Line Regulation Line Regulation Line Regulation
1.010 255 3.40
S 1.008 < 253 <
= < < 335
2 & & louT=100mA
< T=100m
'8 1.006 LI é 2.51 louT=100mA] é . ou
> ouT=50m S, o 330
5 1.004 [— E 249 S
o o o
S louT=100mA 5 E 325
O 1.002 ouT= — 3 247 o)
VB|AS=3.5V VB|AS=4.5V VBlAS:SV
1.000 ! 245 ! 3.20 !
10 20 30 40 50 6.0 20 28 36 44 52 6.0 30 36 42 48 54 6.0
INPUT VOLTAGE (V) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
Load Regulation Load Regulation Load Regulation
1.005 26 | 3.33
V|N=3V
S 1.004 \‘ S 25 —] S 3.32
b SN ViN=1.5V w \\ w
§1.003 ~ é 24 = < 331 ViN=3.6V
e} NS e} VIN=2.5V °
> > =
5 1.002 5 23 5 3.30
o o [2
5 5 5
S 1.001 o 22 3 329
Vgjas=3.5V Vgjas=4.5V Vgias=5 V
1.000 : 2.1 3.28
0 200 400 600 800 1000 0 200 400 600 800 1000 0O 200 400 600 800 1000
LOAD CURRENT (mA) LOAD CURRENT (mA) LOAD CURRENT (mA)
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mps MP2005 - 800mA, HIGH PSRR,ULDO LINEAR REGULATOR

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
C1=C3=2.2uF, C2=4.7uF, Vex=Vgias=3.6V, To=25°C, unless otherwise noted

Dropout Voltage Feedback Voltage Output Voltage
vs. Temperature vs. Temperature vs. Temperature
40 505 1.21
S z S
E 36 E 504 Z 1.208
Ll L -
Q Q w Ve —
< 32 £ 503 R 1,206 N
o) o 2
> ; > 4
ié 28 / 2 502 5 1.20.
o
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mps MP2005 - 800mA, HIGH PSRR,ULDO LINEAR REGULATOR

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
C1=C3=2.2uF, C2=4.7uF, Vex=Vpgias=3.6V, Vx\=3.6V, Ta=25°C, unless otherwise noted

Short Circuit Power Rump Up Power Rump Down
ViIN=2V, Voyr=1.8V Vout=1.8V, loyt=420mA, Vout=1.8V, lout=420mA
with Resistor Load with Resistor Load
u L) u
7 Vin wf " 1
: 2V/div 2Vidiv
Vout ol A ’
0.1V/div /’ i |
Vourt / Vour .
1V/div © 1V/div
lour Vb Al WA lout i o our ) .
2A/div T 0.5A/div [ 0.5A/div B -iimier e e ————— ]
20ps/div 2ms/div 4ms/div
Short Circuit Recovery Enable Turn On Enable Turn Off
VIN=2V| VOUT=1 8V VOUT=1 .8V, IOUT=400mA VOUT=1 .8V, |0UT=400mA
with Resistor Load with Resistor Load
u u u
VIN
e ViN 5V/div |
i 5V/div ' . - o vV, i
v EN
1\%3 0— 1V/div
VEN
1V/div B VouT Bl
v ' 2V/div L
OUT fsfeem 3
2V/div
louTt WD lout T 05A|/OdUT N
2A/div T W it IR S 0.5A/div [} | LIRS SRS . v
2ms/div 4ms/div 4ms/div
Load Transient Line Transient Thermal Protection
VBIAS=2-9V1 VOUT=1 2V, V|N=1 5V, V|N=3.5V to 5.2V, VOUT=1 .2V, VOUT=1 .8V, lOUT=1A
louT=20mA to 600mA, lout=100mA with Resistor Load
with Resistor Load with Resistor Load
1] u
somy ‘ N YN ok
mV/div " P i oo b b f— —
V 2V/div Vout Wy I gy O Mg Y
20mV/div
D
S N — ; Vo e e g ot ;
|OL}T J 1 10mV/div 1A/ ®
0.5A/div
100ps/div 100ps/div 40ms/div
MP2005 Rev. 0.92 www.MonolithicPower.com
5/5/2010 MPS Proprietary Information. Unauthorized Photocopy and Duplication Prohibited.

© 2010 MPS. All Rights Reserved.



mps MP2005 - 800mA, HIGH PSRR,ULDO LINEAR REGULATOR

BLOCK DIAGRAM

BIAS I—.—I—'

N |-
—

m
z
F--

REFERENCE FILTER AND

0.5V A‘,\,‘VSO;ESTART Ik
1

NG -

GND I—.—I—' ;
1

Figure 1—Block Diagram of Super Low Dropout Regulator
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MP2005 - 800mA, HIGH PSRR,ULDO LINEAR REGULATOR

APPLICATION INFORMATION

Setting the Output Voltage

The MP2005 has an adjustable output voltage,
set by using a resistive voltage divider from the
output voltage to FB pin. The voltage divider
divides the output voltage down to the feedback
voltage by the ratio:

R2

Veg = Vour ———
FB OUTR1+R2

Where V g is the feed back thresh old voltage
(Ve = 0.5V), and Vour is the output voltage.
Thus the output voltage is:

Vour =05 R1+R2

R2 can be as high as 100kQ, but a typical value
is 10kQ. Using that value, R1 is determined by:

R1=R2 x (Mj
FB

For exampl e, for a 1.8 V output voltage, R2 is
10kQ, and R1is 26k Q. You can select a
standard 26kQ (x1%) resistor for R1.

The following table lists the sele  cted R1 for

various output voltages.
Tabk 1+—Adjustable Output Votages R1 Values

Vour (V) R1 (kQ) R2 (kQ)
1.25 15
1.5 20
1.8 26
2 30
2.5 40 10
2.8 46
3 50
3.3 56
4 70
Bias Input

The b iasi nputis de signed forlowdro p
application. The bias pin must be atleast 2.7V,
and at | east 1.5V higher than the output. If V|
supply voltage meets t hese requi rements, the
bias pin can be tied to Vi,

Feed Forward Capacitor

For stability, it needs a 10nF capacitor parallel
with R1. The ceramic type ca pacitor, will
provide the best performance.

MP2005 Rev. 0.92
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mps MP2005 — 800mA, HIGH PSRR,ULDO LINEAR REGULATOR

PCB Layout Guide

PCB layout is very important to achieve good regulatio n, ripple rejection, tran sient respo nse and
thermal performance. It is highly recommended to duplicate EVB layout for optimum performance.

If change is necessary, please follow these guidelines and take Figure 2 for reference.

1) Input and output bypass ceramic capacitors ar e suggested to be put close to the | N Pin and OUT
Pin respectively.

2) Ensure all feedback  connections are short and direct. Place th e feedback resistor s and
compensation components as close to the chip as possible.

3) Connect IN, OUT and especially GND respe  ctively to a large copp er areato coolthe chipto
improve thermal performance and long-term reliability.

8
Vino J_ N ouT J_ o Vour
C1 ; L | C3T ; C2
R3Z MP2005 R1Z
vV . 2 7
BIAS O l BIAS FB
C4 L
J R2S
5 4
EN o EN GND —‘L
o]
O O
O O
O O
O O
(o)
BIAS
GND
Top Layer Bottom Layer
Figure 2—PCB Layout
MP2005 Rev. 0.92 www.MonolithicPower.com 9
5/5/2010 MPS Proprietary Information. Unauthorized Photocopy and Duplication Prohibited.

© 2010 MPS. All Rights Reserved.



mps MP2005 — 800mA, HIGH PSRR,ULDO LINEAR REGULATOR

PACKAGE INFORMATION

QFN8 (2mm x 3mm)

Lo 2.90 ] 0.30 - 1 PIN11D
PIN 1 ID [~ 30 = m—|"| = 185 - /_SEEI}ETAILA
MARKING — ¥ |
- o1g ¥ ; PRy g
1].30—+—:) : L )
—_ |
PIN 1 ID e ﬁ ______ L) u.ﬁui_;j____+____C__ | 150
) 170
INDEX ARE BsC D) | ]
]
L}
s : -
I
JOP VIEW BOTTOM VIEW
[ PIN 1 ID OFTION A FIN 11D OFTION B
080 0.30x45° TYP. RO.20 TYP.
100 N . ,..--"/
0.20 REF= v v If\/l I_j '
000 )
SIDE VIEW DETAIL &

1) ALL DIMENSIONS ARE IN MILLIMETERS.

290 =i NOTE:
3) EXPOSED PADDLE $I7E DOES NOT INCLUDE MOLD FLASH.

0.70 ~|4——v-| | 1T ———=
3) LEAD COPLAMARITY SHALL BE 0.10 MILLIMETER MAX.

035= :j
i &) DRAWING CONFORMS TO JEDEC MO-229, VARIATION VCED-2.

——
=
3) DRAWING IS NOT TO SCALE.
H_WIES_.____ R I S I
] ]
=

L]

RECOMMENDED L AND PATTERN

NOTICE: The information in this document is subject to chang e without notice. Please contact MPS for current specifi cations.
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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