MP2110

3A Synchronous Step-Down Converter
with Programmable Input Current Limit

The Future of Analog IC Technology =

DESCRIPTION FEATURES

The MP2110 is a monolithic step-down switch High Efficiency: Up to 95%
mode converter with integrated input current limit High Current Step-Down Converter
switch. The step-down converter integrates a 1.5MHz Switching Frequency

.
main switch and a synchronous rectifier for high ¢  70mQ/50mQ Internal Power MOSFET
efficiency without an external Schottky diode. ¢ 3A Available Load Current
¢
.

The input average current limit can be externally 100% Low Dropout Operation
programmed. It is ideal for powering portable Output Voltage as Low as 0.6V
equipment that is powered by an USB port. The Input Current Limit Switch
MP2110 can supply 3A of load current from a

33V to 5.4V continuous input voltage with ¢ iro%f‘/m”éab'e Ct“r[‘?”t.t""z't: 0.3-3A A
excellent load and line regulation. The MP2110 ¢ = o grren imi ccuracy wnen
input can support up to 12V transient and clamp Current Limit > 1A _
the current limit switch output at 5.65V (Typical). + Wide Input Voltage Range: 3.3V to 5.4V

_ ¢ 12V Input Transient Tolerance
The Constant-On-time (COT) control scheme ¢ 70mQ Internal MOSFET
provides fast transient response high light-load ¢ OVP Clamp Protection

efficiency and easy loop stabilization. Fault
condition protection includes cycle-by-cycle
current limit and thermal shutdown.

Independent Enable Pins

External Temperature Sense & Protection
Internal Thermal Fault Protection

Space Saving 3mm x 3mm QFN14 Package

APPLICATIONS

Wireless Modem Data Cards
USB Powered Devices
Cellular and Smart Phones
Portable Instruments

All MPS parts are lead-free and adhere to the RoHS directive.

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

ADAM (Analog Digital Adaptive Modulation), AAM (....) are Trademarks of
Monolithic Power Systems, Inc.

The MP2110 is available in a space-saving
14-pin 3mmx3mm QFN package.

TYPICAL APPLICATION
Efficiency vs. Load Current
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MP2110 — 3A SYNCHRONOUS BUCK CONVERTER WITH INPUT CURRENT LIMIT

ORDERING INFORMATION

Part Number*

Package

Top Marking

MP2110GQ

QFN-14 (3mm x 3mm) AFQ

* For Tape & Reel, add suffix —Z (e.g. MP2110GQ-2).

PACKAGE REFERENCE

TOP VIEW
PGND [ 2% (i3] sw
REGIN |3} {12] sysiN
REGIN |4} (A1 nTe
ENREG |5 iiof our
reet [8 5] v
AGND |77 s i {'8’| Ensvs
X
EXPOSED PAD
ON BACKSIDE
QFN14 (3x3mm)
1 p 4
ABSOLUTE MAXIMUM RATINGS Thermal Resistance”  6,,  6,c
Vsvsin, Vnte tO GND ..o, -0.3V to +13V QFN-14 (3mmX3mm) ............. 50...... 12...°C/W
VREGIN tOGND ..o -0.3V to +6.5V
Notes:
- +
VSW to GND ....................... 0.3V to VREGIN 0.3v 1) Exceeding these ratings may damage the device.
All other pins toGND................. -0.3V to +6.5V 2) The maximum allowable power dissipation is a function of the
Continuous Power Dissipation (T = +25oC) (2) maximum junction temperature T, (MAX), the junction-to-
A ambient thermal resistance 6,4, and the ambient temperature
............................................................ 2.5W Ta. The maximum allowable continuous power dissipation at
i + o any ambient temperature is calculated by Pp (MAX) = (T,
Junction Temperature...............cccceeeeen. 15OOC (MAX)L T, Exconding the maximum. allowable power
Lead Temperature ................................. +26O C dissipation will cause excessive die temperature, and the
Storage Temperature ______________ -65°C to +150°C regulator will go into thermal shutdown. Internal thermal
shutdown circuitry protects the device from permanent
(3) damage.

Recommended Operating Conditions
Continuous Supply Voltage Vsysin.. 3.3V to 5.4V
Transient Supply Voltage Vsysin..cceeeeeeeennn.. 12V
Output Voltage Vout....ovvvvveeiiieeniinnnns 0.6V to 5V
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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mP " MP2110 — 3A SYNCHRONOUS BUCK CONVERTER WITH INPUT CURRENT LIMIT

ELECTRICAL CHARACTERISTICS
Vsysin = Venreg = 5.0V, Vensys = GND, L=1pH, T, = +25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units

Supply  Current  (No _

Shutdown Current Istp VEensys = 5V 3 5 MA

SYSIN Under Voltage .

Lockout Threshold Vsysin R | Rising Edge 2.2 24 2.6 \%

SYSIN Under Voltage

Lockout Hysteresis Vsvsin nys 140 mv

REGIN Under Voltage -

Lockout Threshold Vreain R | Rising Edge 2.5 2.8 3.1 \%

REGIN Under Voltage

Lockout Hysteresis VReGIN HYs 340 mv

Regulator Input .

Discharge Threshold VDlSCH_F SYSIN Falllng 2.7 2.9 3.1 \Y

Discharge Hysteresis VbiscH_Hys 100 mV

Discharge MOSEFT On

Resistargme Ron_piscH | Vsysin = 2.6V 8.5 15 Q

External Thermal Sense Rntc=NCP18WF104 o

Trip Voltage Vwerr 1(100°C), Ra=31.6kQ | 120 145 165 | %Vsven

External Thermal Sense Rntc=NCP18WF104 0

Recovery Voltage VNeTF  |(80°C), R4=31.6kQ 25 27 29 %oVsvs

System Input Current Limit Switch

C t Limit Switch O

R:gﬁi?ancéml wite : Ron sw | lswitch=100mA 70 85 mQ
|L|M|T1 RSET =13.3kQ 290 390 490 mA

Current Limit |L|M|T2 RSET =5.1kQ 710 810 910 mA
limms | Rser = 3.48kQ 1.05 1.15 1.25

EN Input Logic Low

Voltage Vsvsen L 0.4

En Input Logic High

Voltage Vsvsen H 15 v

EN Input Current Isysen | Ven = 5V 35 7 MA

. Over Voltage
Output Clamping Voltage Vovp Protection 5.45 5.65 5.85 \
0,
Output Soft-start Time tss Ouotput from 10% to 2.5 ms
90%

Step-Down Regulator

Feedback Voltage Ve 2.7V £ Vgeain S 6V 0.588 0.600 0.612 \%

Feedback Current Irs Veg=0.6V 10 50 nA

PFET Switch On _

Resistance Roson_P | VRregin =5V 70 mQ

NFET Switch On _

Resistance RbsoN_N VREGIN =5V 50 mQ
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mP " MP2110 — 3A SYNCHRONOUS BUCK CONVERTER WITH INPUT CURRENT LIMIT

ELECTRICAL CHARACTERISTICS
Vsysm = VENREG = 50V, VENSYS = GND, L=1|.|H, TA = +25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units
PFET Current Limit lLmiT REG 3.9 5 A
On Time © Ton  |Vour=3.6V 520 ns
Minimum Off Time © Tore 60 ns
Soft-Start Time tss 9081:/(;)) ut from 10% to 1.5 ms
EN Input Logic Low Voltage VENREG L 0.4 V
En Input Logic High Voltage VENREG H 1.5 V
EN Input Current lenree | VEn = 0V to BV -1 1 MA
Thermal Shutdown Trip Threshold ©) Totp 160 °C
Thermal Shutdown Hysteresis®® Torp Hys 20 °C
Note:

5) Guaranteed by characterization test.
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mps MP2110 — 3A SYNCHRONOUS BUCK CONVERTER WITH INPUT CURRENT LIMIT

PIN FUNCTIONS

Pin # Name Description
Power Ground. PGND is internally connected to the source of the low-side N-channel
1,2 PGND
MOSFET.
34 REGIN Current limit switch output and buck regulator input. Usually this pin connects to a
’ large tantalum capacitor as energy reservoir.
5 ENREG On/Off Control Input of Step-Down Regulator. Active high. Can not be floated.
6 RSET Input Current Limit setting pin. A resistor from this pin to ground sets the input current
limit.
7 AGND Analog Ground. Internally connects to the analog ground of control circuitry.
8 ENSYS Current Limit Switch Enable Input. Active low. It has internal pull down resister.
9 FB Feedback Input. Connect FB to the center point of the external resistor divider. The
feedback threshold voltage is 0.6V.
10 ouT Sense pin for output voltage.
1 NTC Thermistor Input. Connect a resistor from this pin to SYSIN pin and the thermistor
from this pin to ground. Connect to SYSIN to disable the thermal sense function.
Supply Voltage. SYSIN supplies power for internal current limit switch. MP2110
12 SYSIN operates from a 3.3V to 5.4V continuous input voltage and 12V transient input
voltage.C1 is needed to prevent large voltage spikes at the input. Put C1as close to
the IC as possible.
Power Switch Output. Inductor connection to drains of the internal PFET and NFET
13,14 SwW )
switches.
Exggzed The exposed pad and PGND pin must be connected to the same ground plane.

MP2110 Rev. 1.11
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mp " MP2110 — 3A SYNCHRONOUS BUCK CONVERTER WITH INPUT CURRENT LIMIT

TYPICAL PERFORMANCE CHARACTERISTICS
VSYS|N=VENREG=5'0V! VENSYS=GND, L=1|.|H, TA=25°C, unless otherwise noted.

Efficiency vs. Load Regulation Enabled Supply Current
Load Current vs. Input Voltage
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mp " MP2110 — 3A SYNCHRONOUS BUCK CONVERTER WITH INPUT CURRENT LIMIT

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VSYS|N=VENREG=5'0V! VENSYS=GND, L=1|.|H, TA=25°C, unless otherwise noted.
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mp " MP2110 — 3A SYNCHRONOUS BUCK CONVERTER WITH INPUT CURRENT LIMIT

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VSYS|N=VENREG=5'0V! VENSYS=GND; L=1PH, TA=25°C, unless otherwise noted.
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FUNCTIONAL BLOCK DIAGRAM
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Figure 1: Functional Block Diagram
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mps MP2110 — 3A SYNCHRONOUS BUCK CONVERTER WITH INPUT CURRENT LIMIT

OPERATION

The MP2110 is a high efficiency, 1.5MHz,
synchronous step-down converter with input
current limit switch. The MP2110 is optimized for
low voltage, USB port and Li-lon battery powered
applications where high efficiency and small size
are critical. The MP2110 can achieve 100% duty
cycle.

MP2110 uses constant on-time control with input
voltage feed forward to stabilize the switching
frequency over full input range. At light load,
MP2110 employs a proprietary control of low side
switch and inductor current to eliminate ringing
on switching node and improve efficiency.

Constant On-time Control

Compare to fixed frequency PWM control,
constant on-time control offers the advantage of

simpler control loop and faster transient response.

By using input voltage feed forward, MP2110
maintains a nearly constant switching frequency
across input and output voltage range. The on-
time of the switching pulse can be estimated as:

Toy = V\;)UT .0.722us

IN
To prevent inductor current run away during load
transient, MP2110 fixes the minimum off time to
be 60ns. However, this minimum off time limit will
not affect operation of MP2110 in steady state.

Light Load Operation

Short Circuit Protection

MP2110 enters short circuit protection mode after
the inductor current hits the current limit and lasts
for 100us, and tries to recover from short circuit
with hiccup mode. In short circuit protection,
MP2110 will disable output power stage,
discharge soft-start cap and then automatically
try to soft-start again. If the short circuit condition
still holds, MP2110 repeats this operation cycle
till short circuit disappears and output rises back
to regulation level.

Programmable Input Current Limit

The MP2110 has an input current limit protection
function. It will insure that the input current
doesn't exceed the maximum value, when the
input is supplied by the USB. Once the input
current triggers the set current limit level, the
output current will hold at the current limit until
thermal shutdown.

The current limit can be estimated as:

L 0.96x4 ( )(e)
LIM — RSET (kQ)

The input current limit resistor value can be found
from Table 1.
Notes:

6) The formula is theoretic. Refer to table 1 for accurate current
limit setting.

In light load condition, MP2110 uses a Table 1—Resistor vs. Current Limit Setting
proprietary control scheme to save power and lumwir (A) Rser (kQ)

improve efficiency. Instead of turning off the low 0.39 13.3

side switch immediately when inductor current 0.6 715

start to reverse, MP2110 gradually ramp down 0.81 51

and regulates the low side switch current to a 105 392

minimal level, thus avoids the ringing at switching 1'15 3.48

node that always occurs in discontinuous 1'52 2'4

conduction mode (DCM) operation. 1.85 ; §6

Current Limit 2'05 1'74

MP2110 has a typical 5A current limit for the high 225 158

side switch. When the high side switch hits 257 137

current limit, the high side switch will turn off, and 283 124

low side switch will turn on until the inductor 308 113

current decreases to the valley current limit. This - -

will prevent inductor current from continuing to

build up which will result in damage of the

components.
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mps MP2110 — 3A SYNCHRONOUS BUCK CONVERTER WITH INPUT CURRENT LIMIT

Output over Voltage Clamp

As the system input voltage rises up and the
current limit switch’s output exceeds its OVP
threshold 5.65V, the output voltage (REGIN) will
be clamped to 5.65V.

Current Limit Switch Output Discharge

When the current limit switch’s input SYSIN is
lower than 2.9V, MP2110 turns on the discharge
MOSFET to discharge the REGIN capacitor
storage. Discharge resistance is typical 8.5Q and
the specific discharge time depends on the
capacitance between REGIN and GND.

Negative Thermal Coefficient

Thermistor

The MP2110 has a built-in NTC comparator that
allows it to sense the external device's
temperature via the thermistor mounted near the
device. It ensures a safe operating environment

(NTC)

and prevents any smoke and fire happen due to
over temperature. Connect an appropriately-
valued resistor from SYSIN to the NTC-pin and
connect the thermistor from the NTC-pin to
AGND. The resistor divider with a dividing ratio
depends on device temperature determines the
voltage on the NTC-pin. Once the voltage at the
NTC-pin falls to 14.5% of Vsysn, the MP2110
output is disabled. The MP2110 restarts if the
voltage rises to 27% of Vsys.

Thermal Shutdown

Thermal shutdown is implemented to prevent the
chip from operating at exceedingly high
temperatures. When the silicon die temperature
is higher than 160°C, it shuts down the whole
chip. When the temperature is lower than its
lower threshold, typically 140°C, the chip is
enabled again.

MP2110 Rev. 1.11
9/26/2014

www.MonolithicPower.com 1
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2014 MPS. All Rights Reserved.



mps MP2110 — 3A SYNCHRONOUS BUCK CONVERTER WITH INPUT CURRENT LIMIT

APPLICATION INFORMATION

Output Voltage Setting
The external resistor divider sets the output
voltage (see Typical Application Circuit on page

1).

Choose R1 around 200kQ for optimal transient
response. R2 is then given by:

Ro—_ R
Vour 1
0.6V

Table 2—Resistor Selection vs. Output
Voltage Setting

Inductor Selection

A 0.47uH to 4.7uH inductor with DC current
rating at least 25% higher than the maximum
load current is recommended for most
applications. For best efficiency, the inductor DC
resistance shall be <200mQ. See Table 3 for
recommended inductors and manufacturers. For
most designs, the inductance value can be
derived from the following equation:

1= Vour X (VIN - VOUT)
Vin X Al x fose

Where A, is the Inductor Ripple Current. Choose

Vour R1 R2 inductor ripple current approximately 30% of the
1V 180kQ (1%) 267kQ (1%) maximum load current, 3A.
1.2V 180kQ (1%) 180kQ (1%) The maximum inductor peak current is:
1.8V 180kQ (1%) 88.7kQ (1%) Al
2.5V 340kQ (1%) 107kQ (1%) lLmax) = lLoao M
3.3V 340kQ (1%) 75kQ (1%) Under light load conditions below 100mA, larger
3.6V 340kQ (1%) 68kQ (1%) inductance is recommended for improved
efficiency.
Table 3—Suggested Surface Mount Inductors
Saturation Dimensions
Manufacturer Part Number Inductance (pH) | Max DCR (Q) Current (A) LxWxH (mms)
Wurth 744777001 1 0.0084 9 7.3X7.3X4.5
Toko DFE252012C 1 0.059 3 2.5X2.0X1.2

Vsysiv Input Capacitor Selection

The input capacitor (C1) reduces the surge
current drawn from the input and switching
noise from the device. The input capacitor
impedance at the switching frequency must be
less than input source impedance to prevent
high frequency switching current passing to the
input. Ceramic capacitors with X5R or X7R
dielectrics are highly recommended because of
their low ESR and small temperature
coefficients. For most applications, a 10uF
capacitor is sufficient.

Vkeein Capacitor Selection

The Vgreein capacitor is used to supply the Buck
port and with the peak output current, such as
during the TDM frame. That output peak current
is about 3A. Use a large tantalum capacitor to
avoid large voltage drops.

Selecting the Output Capacitor

The output capacitor (C3) is required to
maintain the DC output voltage. Ceramic
capacitors are recommended. Low ESR
capacitors are preferred to keep the output
voltage ripple low. The output voltage ripple can
be estimated by:

v v 1
AV. _ — _Jour 1_ Your R+
our fst1X[ v, jx[ EsR 8><fs><03j

MP2110 Rev. 1.11
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mps MP2110 — 3A SYNCHRONOUS BUCK CONVERTER WITH INPUT CURRENT LIMIT

Where L, is the inductor value and Resr is the
equivalent series resistance (ESR) value of the
output capacitor.

Using ceramic capacitors, the impedance at the
switching frequency is dominated by the
capacitance. The output voltage ripple is mainly
caused by the capacitance. For simplification,
the output voltage ripple can be estimated by:

VOUT x| 1= VOUT

2
8xfy"xL,xC3 Vin
In the case of tantalum or electrolytic capacitors,
the ESR dominates the impedance at the

switching frequency. For simplification, the
output ripple can be approximated to:

AVOUT =

V, V,
AViyr = f, (:(UL x (1 - \c/)ll: JX Resk
The characteristics of the output capacitor also
affect the stability of the regulation system.

PC Board Layout

PCB layout is very important to achieve stable
operation. For best results, follow these
guidelines and use Figure 2 as reference:

1) Use large ground plane directly connect to
PGND pin. Add vias near the PGND pin if
bottom layer is ground plane.

2) Place the ceramic input capacitor close to
SYSIN/REGIN and PGND pins. Keep the
connection of input capacitor and
SYSIN/REGIN pin as short and wide as
possible.

3) Route SW away from sensitive analog
areas such as FB, OUT pins. It's not
recommended to route SW trace under
chip’s bottom side.

4) Place the feedback resistors close to chip
to ensure the trace which connects to FB
pin as short as possible.
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Figure 2: PCB Layout

Design Example
Below is a design example following the
application guidelines for the specifications:

Table 4—Design Example

Vin 5v
Vour 3.6V
lour 3A

The detailed application schematic is shown in
Figure 3. The typical performance and circuit
waveforms have been shown in the Typical
Performance Characteristics section. For more
device applications, please refer to the related
Evaluation Board Datasheet.
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TYPICAL APPLICATION CIRCUITS
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Figure 3: Typical Application, 3.6V Output Voltage

MP2110 Rev. 1.11
9/26/2014

www.MonolithicPower.com

© 2014 MPS. All Rights Reserved.

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

14



mP " MP2110 — 3A SYNCHRONOUS BUCK CONVERTER WITH INPUT CURRENT LIMIT

PACKAGE INFORMATION
QFN-14 (3mm x 3mm)
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SEE DETAIL A
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SIDE VIEW DETAIL A

NOTE:

1) ALL DIMENSIONS ARE IN MILLIMETERS.
2) EXPOSED PADDLE SIZE DOES NOT INCLUDE
| oso MOLD FLASH.
3) LEAD COPLANARITY SHALL BE 0.10
MILLIMETERS MAX.
4) JEDEC REFERENCE IS MO-229.
5) DRAWING IS NOT TO SCALE.

!
B
fonian—

RECOMMENDED LAND PATTERN

NOTICE: The information in this document is subject to change without notice. Please contact MPS for current specifications.
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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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.



mailto:org@eplast1.ru

