The Future of Analog IC Technology =

Low Voltage, 2.7-6V Input,1.5A, 1.2MHz
Synchronous Step-Down Converter

DESCRIPTION

The MP2012is afu lly integrated, internally
compensated 1.2MHz fixed frequency PWM
step-down converter. Itis idea | f or powering
portable equipment that runs from a single cell
Lithium-lon (Li+) Battery, with an input range
from 2.7V to 6V. The MP2012 can provide up to
1.5A of load current wit h output voltage as low
as 0.8V. It can also operate at 100% duty cycle
for low drop out applications. With peak current
mode control and internal compensation, the
MP2012 is stable with ceramic cap acitors and
small indu ctors. Fault conditio  n protection
includes cy cle-by-cycle current limiting and
thermal shutdown.

MP2012 is available in a small QFN6 (3x3 mm)
package.

FEATURES

2.7-6V Input Operation Range

Output Adjustable from 0.8V to VIN

1uA Max Shutdown Current.

Up to 95% Efficiency

100% Duty Cycle for Low Dropout

Applications

1.2MHz Fixed Switching Frequency

o Stable with Low ESR Output Ceramic
Capacitors

e Thermal Shutdown

e Cycle-by-Cycle Over Current Protection

o Short Circuit Protection

e Available in QFN6 (3x3mm)

APPLICATIONS

¢ DVD+/-R W Drives

e Smart Phones

e PDAs

¢ Digital Cameras

e Portable Instruments

For MPS green status, please visit MPS website under Quality Assurance.

“MPS” and “The Future of Analog IC Technology” are Trademarks of Monolithic
Power Systems, Inc.
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MP2012 — 1.5A SYNCHRONOUS STEP-DOWN CONVERTER

ORDERING INFORMATION

Part Number* Package

Top Marking Free Air Temperature (T,)

MP2012DQ QFN6(3x3mm)

9E —40°C to +85°C

* For Tape & Reel, add suffix —-Z (e.g. MP2012DQ-2).
For RoHS compliant packaging, add suffix —LF (e.g. MP2012DQ-LF-2)

PACKAGE REFERENCE

TOP VIEW
B 1 o 6 EN
s [7] g

Exposed Pad
Connected to GND

ABSOLUTE MAXIMUM RATINGS ()

PVIN, VIN to GND............cccee..... -0.3V to + 6.5V
SWtoGND......ccvvvieeeeeeee -0.3Vto V + 0.3V
EN, FBtoGND ......cccvvvveeeeeens —-0.3V to +6.5V
Operating Temperature............. —40°C to +85°C
Continuous Power Dissipation (Ta = +25°C) 2)
.......................................................... 2.5W
Junction Temperature.......ccccccevvvveevveennnn. 150°C
Lead Temperature ..., 260°C
Storage Temperature ............. —-65°C to +150°C
(3)

Recommended Operating Conditions
Supply Voltage ViN.eeevvvvvveiiiiiiieieee 2.7V to 6V
Operating Junct. Temp (T,)..... -40°C to +125°C

Thermal Resistance 6,4 6,
QFNB (3X3MM) ...oooveeeenn 50......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 6,4, and the ambient temperature
Ta. The maximum allow able continuous power dissipation at
any ambient te mperature is ca lculated by P p (MAX) = (T ,
(MAX)-TA)/6,a. Exceeding the maximum allowable powe r
dissipation w ill cause ex cessive die tempe rature, andt he
regulator will g o into thermal  shutdown. Inte rnal thermal
shutdown circuitr y pr otects the device from permanent
damage.

3) The deviceis not guarant eed to function outside of its
operating conditions.

4) Measured on JESD51-7, 4-layer PCB.
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mps MP2012 — 1.5A SYNCHRONOUS STEP-DOWN CONVERTER

ELECTRICAL CHARACTERISTICS ©®

Vin = Ven = 3.6V, Ta = +25°C, unless otherwise noted.

Parameters Conditio n Min Typ Max Units
Supply Current Ven = Vin, Ves = 0.9V 600 750 MA
Shutdown Current Ven =0V, Viy =6V 0.01 1 MA
Thermal Shutdown Trip Threshold Hysteresis = 20°C 150 °C
EN Trip Threshold -40°C £ Tp < +85°C 0.3 1.0 1.5 V
EN Input Current Ven = 0V 0.1 1.0 MA
EN Input Current Ven = 6V 6 MA
IN Undervoltage Lockout Threshold Risi ng Edge 215 2.40 2.65 V
IN Undervoltage Lockout Hysteresis 160 mV
Ta=+25°C 0.784 0.800 0.816
Regulated FB Voltage L40°C= T,< +85°C 0.776 | 0.800 | 0.824 v
FB Input Bias Current Veg = 0.8V -50 -2 +50 nA
SW PFET On Resistance Isw = 100mA 0.18 0.25 0.28 Q
SW NFET On Resistance Isw = -100mA 0.14 0.2 0.24 Q
SW Leakage Current VEN:EJV? Vin=6V -1 0.1 1 pA
Vew =0V
SW Leakage Current VEN:(_)V; Vin=6V 515 5 pA
Vsw =6V
- Duty Cycle=100% 3.0
SW PFET Peak Current Limit Duty Cycle=50%(6) 2.1 35
Switching Frequency 1.0 1.2 14 MHz

Notes:
5) Production test at +25°C. Specifications over the temperature range are guaranteed by design and characterization.

PIN FUNCTIONS

Pin # Name Description

1ER Feedback input. An external resistor divider from the output to GND, tapped to the FB

pin sets the output voltage.
5 GND, Ground pin. Connect  exposed pad to grou nd plane f or propert hermal
Exposed Pad |performance.

3 SW Switch node to the inductor.

4 PVIN Input supply pin for power FET.

5 VIN Input Supply pin for controller. Put small decoupling ceramic near this pin.

6 EN Enable input, “High” enables MP2012. EN is pulled to GND with 1Meg internal resistor.
MP2012 Rev. 1.01 www.MonolithicPower.com 3
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l'l'll=5 MP2012 — 1.5A SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 5V, Vout = 1.8V, L=3.3uH, T = +25°C, unless otherwise noted.
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MP2012 — 1.5A SYNCHRONOUS STEP-DOWN CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 5V, Vout = 1.8V, L=3.3uH, T = +25°C, unless otherwise noted.
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mP5 MP2012 — 1.5A SYNCHRONOUS STEP-DOWN CONVERTER

FUNCTION BLOCK DIAGRAM
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Figure 1—Function Block Diagram
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MP2012 — 1.5A SYNCHRONOUS STEP-DOWN CONVERTER

OPERATION

The MP2012 is a fixed frequency 1.2MHz current
mode 1.5A step-down converter, optimized for
low voltage, Li-lon batt ery powere d applicatio ns
where high efficiency a nd small size are critica |.
MP2012 integrates a high side PFET main switch
and a low side synchr onous rectif ier. It always
operates in continuo us conduction mode,
simplifies the control scheme and eliminates th e
random spectrum noise due to discontinuous
conduction mode.

The steady state duty cycle D for this mode can
be calculated as:

D = Ton x fosc x100% zVOJMOO%
IN

Where Toy is the main switch on time and f pscis
the oscillator frequency (1.2MHz typ.).

Current Mode PWM Control

Slope compensated cur rent mode PWM control
provides stable switch ing and cycle-by-cycle
current limiting for superior loa dandlin e
response a s well as protection o  f the internal
main switch and synchronous r ectifier. Th e
MP2012 switches at aconsta ntfrequen cy
(1.2MHz) and modulates the ind uctor peak
current to regulate the output voltage. Specifically,
for each cy cle the PW M controller forces the
inductor pe ak current to aninter nal referen ce
level derived from the feedback err or voltage. At
normal operation, the main switch is turned on at
each rise edge of th e internal oscillator, a nd
remains on for a certain period of time to ramp up
the inductor current. A s soon as the inductor
current reaches the r eference le vel, the main
switch is  turned off and immediately t he
synchronous rectifier will be turne d on to provide
the inductor current. In forced PW M mode, the
synchronous rectif ier will stay on  until the ne xt
oscillator cycle.

Dropout Operation

The MP2012 allows the main switch to remain on
for more than one switching cycle t o increase the
duty cycle when the i nput voltage is dropping
close to the output voltage. When the duty cycle
reaches 10 0%, the main switch ishe Ido n
continuously to deliver current to the output up to
the PFET current limit. In this  case, the outp ut
voltage becomes the input voltage minus th e
voltage drop acrosst he main switchandt he
inductor.

Maximum Load Current

The MP201 2 can oper ate downto 2.5Vinp ut
voltage; however the ma ximum load current
decreases at lower input duetoal arge IR drop
on the main switch a  nd synchronous rectif ier.
The slope compensation signal red uces the peak
inductor current as a function of the duty cycle to
prevent sub-harmonic oscillations a t duty cycles
greater than 50%. Co nversely, th e current limit
increases as the duty cycle decreases.

Short Circuit Protection

When shor t circuit or over current condition
happens, and FB is lower thanab out 0.3V, th e
MP2012 enters fold ba ck mode. T he oscillato r
frequency is reduced to prevent the inducto r
current from increasing beyond the PFET current
limit. The PFET current limit is also reduced to
lower the short circuit current. The frequency and
current limit will return to the normal values once
the short circuit cond ition is removed and the
feedback voltage approaches 0.8V.

MP2012 Rev. 1.01
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MP2012 — 1.5A SYNCHRONOUS STEP-DOWN CONVERTER

APPLICATION INFORMATION

Output Voltage Setting
The external resistor divider sets the output

voltage.
R1
V,,, =0.8 +—R2

Rt is recommended when output voltage is high,
as the Figure 2 shows.

Vour

R1

Rt
FB

Figure 2—Feedback Network

Table 1 lists the recommended resistor value for
common output voltages.

Table 1—Resistor Selection vs. Output
Voltage Setting

Vour/ | Rt/ R1/ R2/ L1/ C2/
\Y kQ kQ kQ pH uF
1.2 300 | 4.99 10 22 22

1.8V | 243 | 499 | 4.02 3.3 22

2.5V | 100 121 57.6 3.3 22

3.3V | 100 121 39 3.3 22

Inductor Selection

A 1uH to 10 uH inductor with DC current rating a t
least 25% higher than the maxi mum load current
is recommended for most applications. For be st
efficiency, t he inductor DC resistance shallb e
<200mQ. See Table 2 for recommende d
inductors and manufacturers. For most designs,
the inducta nce value can be derived fromth e
following equation:

L= Vour X (VIN - VOUT)
Vin x Al x fosc

Where Al is inducto r ripple current. Choose

Table 2—Suggested Inductors

Dimensions

Manufacturer| Part Number Inductance LxWxH
(“H) (mm3)
Cooper SD25-3R3 3.3 5.2X5.2X2.5
D63LCB#A921
Toko CY-3R6M 3.6 6.3X6.2X3
SLF7045T-
TDK 3R3M2R5-PF 3.37X7X4.5

Input Capacitor C,y Selection

The input capacitor red uces the surge curren t
drawn from the input and switching noise fro m
the device.

Ceramic capacitors wit h X5R or X7R dielectrics
are highly recommende d because of their low
ESR and small temperature coefficients. Fo r
most applications, a 10uF capacitor is sufficient.

Output Capacitor Coyr Selection

The output capacitor keeps output voltage ripple
small and ensures reg ulation loop stable. Th e
output capa citor impedance shall be low att he
switching fr equency. Ceramic capacitors with
X5R or X 7R dielectrics are reco mmended. For
forced PWM mode op eration, the output ripple
AVoyr is approximately:

VOUT {VIN VOUT)[} 1 1
A¥OUT esR T r A~
VIN "fosc L 8 foso 'COUT
For most applications, a22 pF capacitor is
sufficient.

Thermal Dissipation

Power dissipation shall be considered when
operates MP2012at ma ximum 1.5A out put
current. If the junction temperature rises above
150°C, MP2012 will be shutd own by intern al
thermal protection circuitry.

The junction-to-ambient thermal resistance of the
6-pin QFN (3mm x 3 mm) Reya is 50 °C/W. The
maximum a llowable power dissipat ion is about

inductor ripple current approximately 30% of th e~ 1.6W when MP2012 is operating ~ ina70 °C
maximum load current, 1.5A. ambient temperature environment:
The maximum inductor peak current is: PDy = 120°C=70°C 4 6wy
Al 50°C/W
I max) = lLoap +7
MP2012 Rev. 1.01 www.MonolithicPower.com 8
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MP2012 — 1.5A SYNCHRONOUS STEP-DOWN CONVERTER

PC Board Layout

PCB la yout is very important to achieve stable
operation. Please follo w these g uidelines a nd
take Figure2 for references.

The high current paths (GND, IN and SW) should
be placed very close to the device with short,

direct and wide traces. Input capa citors sh ould
be placed as close as p ossible to th e respective
IN and GND pins. The external feedback
resistors shall be placed nextto  the FB pins.
Keep the switching no des SW sh ort and away
from the feedback network.

GND

OO0O00O0
00000

GND
53 L1
PVIN(E) o ® sw
VIN(B) | O O |{Z)cND
(e¥e)
EE () 00 GEFB
Rl RO
Bga B
VIN GND VOUT
Top layer

Bottom layer

Figure 3—PCB Layout
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MP2012 — 1.5A SYNCHRONOUS STEP-DOWN CONVERTER

PACKAGE

INFORMATION

QFN6 (3mmx3mm)
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DETAIL A

1) ALL DIMENSIONS ARE IN MILLIMETERS

2) EXPOSED PADDLE SIZE DOES NOT INCLUDE MOLD FLASH
3) LEAD COPLANARITY SHALL BE.10 MILLIMETER MAX

4) JEDEC REFERENCE IS MO-229, VARIATION VEEA-2.

5) DRAWING IS NOT TO SCALE

NOTICE: The information in this document is subject to change without notice. Users should warrant and guarantee that third
party Intellectual Prop erty rights are n ot infringed upon when integrating MPS product s into any application. MPS w ill not
assume any legal responsibility for any said applications.
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