The Future of Analog IC Technology

MP3221

2.7A, 1.2MHz, High-Efficiency
Step-Up Converter
With Input Disconnect

DESCRIPTION

The MP3221 is a 1.2MHz frequency, 6-pin
TSOT23 current mode step up converter
intended for small, low power applications. The
device can step up three-cell alkaline, NiCd,
and NiMH batteries, or a single-cell Li-on
battery up to 6V. It is capable of delivering 1A
output current at 5V with a supply voltage of 3V.

The MP3221 provides the internal soft start and
compensation to minimize the external
component count and help producing a
compact solution. It integrates a FAULT driver
for external PMOS to disconnect the output
from input when the part shuts down or in
output short circuit condition. This disconnect
feature allows the output to be completely
discharged, thus allowing the part to draw less
than 1pA off current in shutdown mode.

The MP3221 is available in a small 6-pin
TSOT23 package.

FEATURES

e Integrated 88mQ Power MOSFET

e 270pA Quiescent Current

e 2.5V to6V Input Voltage

e 3V to 6V Output Voltage

e 1.2MHz Fixed Switching Frequency
e Internal 2.7A Switch Current Limit

e Integrated Input Disconnect Driver

e Internal Soft Start and Compensation
e True Output Disconnect from Input

e Under Voltage Lockout

e Short-Circuit Protection

e Over-Temperature Protection

e Available in a 6-Pin TSOT23-6 Package

APPLICATIONS

e Single-Cell Lion Battery or Three-Cell
Alkaline, NiCd, or NiMH Battery Based
Products

e Portable Media Players

o Wireless Peripherals

e Tablets and Smart Phones

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.
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MP3221-2.7A, 1.2MHZ, HIGH-EFFICIENCY STEP UP CONVERTER WITH INPUT DISCONNECT

ORDERING INFORMATION

Part Number*

Package

Top Marking

MP3221GJ

TSOT23-6 AFB

* For Tape & Reel, add suffix —-Z (e.g. MP3221GJ-2);

PACKAGE REFERENCE

TOP VIEW

sw [1]
GND [ 2]
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[ 6] FAULT
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4] EN

TSOT23-6

ABSOLUTE MAXIMUM RATINGS

VSW ....................................................................
—0.3V(-2V for <10nS)to +8V(9V for <10nS)
All Other Pins......c.coccveeeeininenn. -0.3Vto+6.5V
Continuous Power Dissipation(Ta = +25°C) @
................................................................ 0.56W
Junction Temperature..........cccccceeeeeennns 150°C
Lead Temperature ..........ccccevvvevvennennnnnnnne 260°C
Storage Temperature.............. —65°C to +150°C
Recommended Operating Conditions @)
Supply Voltage Vin.eeeeeeevviiiiiiiieeeee, 2.5V to 6V
Output Voltage Vout...oevvvveeeeeeiieeieeeeee 3V to 6V

Operating Junction Temp.(T,)..-40°C to +125°C

Thermal Resistance 4) 6,a 0Oy
TSOT23-6 ... 220 110 °C/W

Notes:

1) Exceeding these ratings may damage the device.

2) The maximum allowable power dissipation is a function of the
maximum junction temperature T, (MAX), the junction-to-
ambient thermal resistance 6,s, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T,
(MAX)-Ta)/B4a. Exceeding the maximum allowable power
dissipation will cause excessive die temperature, and the
regulator will go into thermal shutdown. Internal thermal
shutdown circuitry 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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MP3221-2.7A, 1.2MHZ, HIGH-EFFICIENCY STEP UP CONVERTER WITH INPUT DISCONNECT

ELECTRICAL CHARACTERISTICS

Vin = Ven = 3.3V, Ta = 25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units
Operating Input Voltage Vin 2.5 6 \
IN Under Voltage Lockout Vuvio Vn Rising 2.0 2.2 2.4 Y
:—l;lystel;'gsdi:r Voltage Lockout 505 mv
Shutdown Current Isp Ven = 0V 0.15 MA
Quiescent Current \l\/lngvgtSr?rﬁg 270 HA
Switching Frequency faw 1 1.2 1.4 MHz
Minimum On time'® TonmN 80 ns
Maximum Duty Cycle Dwmax Veg = 0.6V 90 Y%
EN Input High Voltage VEN H 1.3 Vv
EN Input Low Voltage Ven L 0.5 \
EN Input Bias Current Ven = 5V 4 A
FB Voltage Ves Ven = 5V 0.780 0.796 0.812 \
FB Input Bias Current Veg = 0.82V =50 -10 nA
\F/ﬁ‘llﬁ[JaLgL Detection  Threshold Vegaur | Step-up Converter Fails 110 150 185 mV
FAULT Pull Down Current lFauLT 85 115 145 A
FAULT Pin Output Low Voltage Vee=0.6V, |=30pA 0.3 \
SW On Resistance Rbs (on) 88 mQ
SW Current Limit Duty Cycle = 40% 2.7 3.7 5.2 A
SW Leakage Vsw =5V 1 MA
Thermal Shutdown® TsHpN TH 150 °C
Thermal Shutdown Hysteresis® | Tsuon Hys 20 °C

Notes:

5) Guaranteed by engineering sample characterization. not production tested.
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mP MP3221-2.7A, 1.2MHZ, HIGH-EFFICIENCY STEP UP CONVERTER WITH INPUT DISCONNECT

TYPICAL CHARACTERISTICS
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mP MP3221-2.7A, 1.2MHZ, HIGH-EFFICIENCY STEP UP CONVERTER WITH INPUT DISCONNECT

TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 3.3V, Vour =5V, L = 2.2pH, T, = 25°C, unless otherwise noted.
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MP3221-2.7A, 1.2MHZ, HIGH-EFFICIENCY STEP UP CONVERTER WITH INPUT DISCONNECT

me

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 3.3V, Vour =5V, L = 2.2pH, T, = 25°C, unless otherwise noted.

Steady state
VIN = 3.3V, Vo = 5V/0A

Steady state
VN = 3.3V, Vg =5VIMA
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mP MP3221-2.7A, 1.2MHZ, HIGH-EFFICIENCY STEP UP CONVERTER WITH INPUT DISCONNECT

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 3.3V, Vour = 5V, L = 2.2uH, T, = 25°C, unless otherwise noted.
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mP MP3221-2.7A, 1.2MHZ, HIGH-EFFICIENCY STEP UP CONVERTER WITH INPUT DISCONNECT

PIN FUNCTIONS

Pin # Name |Description
Power Switch Output. SW is the drain of the internal MOSFET switch. Connect the power

1 SW inductor and output rectifier to SW.

2 GND | Ground.

3 FB Feedback Input. The FB voltage is 0.796V. Connect a resistor divider to FB.

4 EN Regullator On/Off Control Input. A high input qt EN turns on the convgrter, and a low input
turns it off. When not used, connect EN to the input supply for automatic startup.

5 IN Input Supply Pin. Must be locally bypassed.

Fault Disconnection Switch Gate Output. When the system starts up normally, this pin
6 FAULT © [smoothly turns on the external PMOS. When the MP3221 is disabled or in fault condition,
the external PMOS is turned off to disconnect the input and output.

Notes:
6) Fault pin only can protect circuits in SCP condition after parts startup.

MP3221 Rev. 1.0 www.MonolithicPower.com 8
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mP MP3221-2.7A, 1.2MHZ, HIGH-EFFICIENCY STEP UP CONVERTER WITH INPUT DISCONNECT

FUNCTION DIAGRAM
FAULT
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Figure 1: Functional Block Diagram
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MP3221-2.7A, 1.2MHZ, HIGH-EFFICIENCY STEP UP CONVERTER WITH INPUT DISCONNECT

OPERATION

The MP3221 uses a constant frequency, peak
current mode boost regulator architecture to
regulate voltage at the feedback pin.

The operation of the MP3221 can be
understood by referring to the block diagram of
Figure 1. At the start of each oscillating cycle
the MOSFET is turned on through the control
circuitry. To prevent sub-harmonic oscillations
at duty cycles greater than 50%, a stabilizing
ramp is added to the output of the current
sense amplifier and the result is fed into the
negative input of the PWM comparator. When
this voltage equals the output voltage of the
error amplifier the power MOSFET is turned off.

The voltage at the output of the error amplifier
is an amplified version of the difference
between the band gap reference voltage and
the feedback voltage. In this way the peak
current level keeps the output in regulation. If
the feedback voltage starts to drop, the output
of the error amplifier increases, which results in
more current flow through the power MOSFET,
thus increasing the power delivered to the
output.

Start-Up Sequence

When MP3221 is enabled, the FAULT pin
drives the external Fault Disconnection PMOS
to turn on slowly. After the FAULT pin voltage
drops to VIN -1.8V, parts works and checks all
fault condition, if they are all in function.
MP3221 will boost the output voltage to the
expect voltage controlled by the internal soft
start.

Protection Operation

MP3221 has short-circuit protection function by
turning off the external PMOS after parts
startup. When FB voltage drops to 150mV due
to the SCP occurs or any other factors, FAULT
pin voltage will pull up quickly by MP3221's
internal logic. Then the PMOS will disconnect to
isolate input and output. This function won’t act
before Veayur drop to Vi -1.8V, MP3221 will
also check other safety limits including UVLO
and OTP.

Vour Disconnect from Vin

To prevent the battery from discharging, the
FAULT pin of MP3221 will drive and turn off the
external PMOS to disconnect Voyr from the
battery when the part is in shut down mode. It
also can disconnect output from input while the
output is shorted to GND, thus help protect
battery and circuit.

MP3221 Rev. 1.0
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MP3221-2.7A, 1.2MHZ, HIGH-EFFICIENCY STEP UP CONVERTER WITH INPUT DISCONNECT

APPLICATION INFORMATION
COMPONENT SELECTION

Input Capacitor Selection

Low ESR input capacitors reduce input
switching noise and reduce the peak current
drawn from the battery. Ceramic capacitors are
good choice for input decoupling and it should
be located as close as possible to the IN and
GND pin. Add a ceramic capacitor larger than
10uF close to the IC.

Selecting the Output Capacitor

The output capacitor requires a minimum
capacitance value of 22uF at the programmed
output voltage to ensure stability over the full
operating range. A higher capacitance value
may be required to lower the output ripple and
also the transient response. Low ESR
capacitors, such as X5R- or X7R-type ceramic
capacitors, are recommended. Assuming that
the ESR is zero, estimate the minimum output
capacitance to support the ripple in the CCM
mode as:

S lo % (Vour + Ve = Vi)
7 A x(Vour + V) xAV

Where:

Vour = output voltage

Vinming = Minimum Input voltage
Vr= Diode Forward voltage

lo= Output current

fs = Switching frequency

AV= Acceptable output ripple

Selecting the Inductor

The inductor is required to force the higher
output voltage while being driven by the input
voltage. A larger value inductor results in less
ripple current that results in lower peak inductor
current, reducing stress on the internal N-
Channel switch. However, the larger value
inductor has a larger physical size, higher
series resistance, and/or lower saturation
current.

A 2.2uH inductor is recommended for most
applications. However, a more exact inductance

value can be calculated. A good rule of thumb
is to allow the peak-to-peak ripple current to be
approximately 30-50% of the maximum input
current. Make sure that the peak inductor
current is below 75% of the current limit at the
operating duty cycle to prevent loss of
regulation due to the current limit. Also make
sure that the inductor does not saturate under
the worst-case load transient and startup
conditions. Calculate the required inductance
value by the equation:

L= Vin * (Vour + Ve = Vin)
(Vour + Vi) xfgy x Al

_ Vour *honomwma

IIN(MAX)

Vi xn
Al=(30%— 50°/°)||N(MAX)

Where ILoapmax) is the maximum load current,
Al is the peak-to-peak inductor ripple current,
and n is efficiency.

Selecting the Diode

The output rectifier diode supplies current to the
inductor when the internal MOSFET is off. To
reduce power loss due to diode forward voltage
and recovery current, use a Schottky diode with
the MP3221. The diode should be rated for a
reverse voltage equal to or higher than the
output voltage. The average current rating must
be higher than the maximum load current, and
the peak current rating must be higher than the
peak inductor current.

Selecting the PMOS

The MP3221 is capable of driving P-Channel
power MOSFETS to disconnect input and
output. The critical parameter selection of a
MOSFET are:

1. Maximum drain to source voltage, Vbsmax)
2. Maximum current Ibmax)

3. On-resistance Ros(on)

4. Total gate charge, Qa.

Ideally, the off-state voltage across the
MOSFET is equal to the input voltage. Vbsmax)

MP3221 Rev. 1.0
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MP3221-2.7A, 1.2MHZ, HIGH-EFFICIENCY STEP UP CONVERTER WITH INPUT DISCONNECT

should be greater than 1.5 times of the input
voltage.

The maximum current through the power
MOSFET happens when the input voltage is
minimum and the output power is maximum.

The maximum Average current is the input
current. The ID(max) should be greater than 1.5
times the input current.

The on resistance of the MOSFET determines
the conduction loss. It is smaller, it is better.

The Qg of PMOS should be well designed to
avoid the triggering of SCP protection during
start-up. Since Vgare is pulled down with 115uA
through the Fault pin, the SCP function is
enabled after Vgate drops to Vi-1.8V. With
higher Qg, the time to pU” VGATE from Viy to Vin-
1.8V is longer, and output voltage can be
charged to higher voltage. If Qg is low, Vgare will
be pulled down quickly, and feedback Vg is still
lower than 150mV when Vgare drops to Viv-1.8V,
then SCP function may be triggered and the
start-up will fail.

A 3.3nF cap between gate-to-source of PMOS is
recommended if Vour can not rise up before
VeauLr drops to Viy-1.8V due to large output cap.

PCB Layout Considerations

Layout is important, especially for switching
power supplies with high switching frequencies;
poor layout results in reduced performance, EMI
problems, resistive loss, and even system
instability. Following the rules below can help
ensure a stable layout design:

1. All components must be placed as close to
the IC as possible. Keep the path between L1,
D1, Cour, and IC-GND extremely short for
minimal noise and ringing.

2. Cinmust be placed close to the IN pin for best
decoupling.

3. All feedback components must be kept close
to the FB pin to prevent noise injection on the
FB pin trace.

4. The ground return of Cin and Cout should be
tied close to the GND pin.

[
Top Layer
77/////7/ [ D1 } L1
Bottom Layer
) Vout0
via 7 W D2 E Qf
c2 119 Fault HI
‘ ] (=0 mp 3221 ([ Vin
‘ R2 ‘ [ IET
2 R1 ‘ GND
Figure 2: Layout
Notes:

Refer to SCH on page 1.

Design example

Below is a design example following the
application guidelines for the following
Specifications:

Table 1: Design Example

Vin 2.5V-4.8V
Vour 5V
st 1.2MHz

The typical application circuit for VOUT = 5V in
Figure 3 shows the detailed application
schematic, and is the basis for the typical
performance and circuit waveforms. For more
detailed device applications, please refer to the
related Evaluation Board Datasheets.

MP3221 Rev. 1.0
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mP MP3221-2.7A, 1.2MHZ, HIGH-EFFICIENCY STEP UP CONVERTER WITH INPUT DISCONNECT

TYPICAL APPLICATION CIRCUITS

L1 2.2uH D1
2.5-4.8V Q1 5V
o a o Y Y Y O\,
T MR
C1 C3L % D2
10uF 3.3nF
" 1: - - C2
|6 22uF
| 5 FAULT 1 R1
R3 IN Sw 536kQ =
100kQ MP3221 s
4 EN FB
GND R?
f 100kQ

Figure 3: V|y=2.5-4.8V, Vour =5V/1A, with Input/Output Disconnection

2.5-4.8V L1 2.2pH D1 5V

cﬁl —1J' Y Y Y\ 'Dl—"—"_°

C1
10uFI

—— Cz
5 FAULT 1 R1
R3 N Sw 536kQ =
100kQ MP3221 R
1 PN FB
GND R2 %

J_Z 100kQ

Figure 4: V\y =2.5-4.8V, Vour=5V/1A, without Input/Output Disconnection

MP3221 Rev. 1.0
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mP MP3221-2.7A, 1.2MHZ, HIGH-EFFICIENCY STEP UP CONVERTER WITH INPUT DISCONNECT

PACKAGE INFORMATION
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GAUGE PLANE
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DETAIL "A"

NOTICE: The information in this document is subject to change without notice. Please contact MPS for current specifications.
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