MP5610

2.7V to 5.5V Input, 1.2MHz, Dual-ch

LCD Bias Power Supply

The Future of Analog IC Technology.

DESCRIPTION

The MP5610 is a dual-output converter with
2.7V-t0-5.5V input for small size LCD panel bias
supply. It uses peak-current mode to regulate the
positive output voltage and uses a negative
charge pump to provide negative output voltage.
The MP5610 has very good efficiency
performance because the negative charge pump
draws power directly from the positive converter
switching node which can save power loss much.
Also, MP5610 provides good voltage tracking
between positive and negative output by well
matching the internal MOSFET on resistance
value. The fully integrated synchronous
rectification increases total efficiency and
reduces PCB space requirements.

The MP5610 features as programmable output,
fixed 1.2MHz switching frequency and rich
protection modes, like input-output disconnection
protection, cycle-by-cycle current limit protection,
thermal shutdown protection, Output over voltage
protection and Output under voltage protection.

The MP5610 is available in tiny QFN-10
(2.4mmx1.8mm) package.

FEATURES

2.7V-t0-5.5V Input Voltage

Max. 50mA Output Current for Each Output
Up to Programmable 5.8V Output Voltage
0.5% Line Regulation for Step-up Converter
0.5% Load Regulation for Step-up Converter
1% Voltage Tracking Between Dual-ch
600mV Feedback Voltage with £1% Accuracy
270us Soft Start Time

Input DC Current Limit Protection

Output Over Voltage Protection

Output Under Voltage Protection

Input UVLO Protection

Over Temperature Protection

Available in a QFN-10 (1.4mmx1.8mm)
Package

APPLICATIONS

e Feature Phones and Smart Phones
¢ Small Size LCD Displays

All MPS parts are lead-free, halogen free, and adhere to the RoHS directive. For
MPS green status, please visit MPS website under Quality Assurance. “MPS”
and “The Future of Analog IC Technology’” are Registered Trademarks of
Monolithic Power Systems, Inc.

TYPICAL APPLICATION
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MP5610 — 2.7V TO 5.5V INPUT, 1.2MHz, DUAL-CH, LCD BIAS POWER SUPPLY

ORDERING INFORMATION

Part Number*

Package

Top Marking

MP5610GQG

QFN-10 (1.4mmx1.8mm)

BZ

* For Tape & Reel, add suffix —Z (e.g. MP5610GQG-2);

PACKAGE REFERENCE

TOP VIEW
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1 .
ABSOLUTE MAXIMUM RATINGS @ Thermal Resistance 654 6sc
VIN, VINP cevrenmnieeeeeeeemniene e eeeeeeens -0.3V to +6.5V QFN-10 (1.4mmx1.8mm)..... 140...... 30 °C/w
Vsw, Vopy VPl eeeiie i aeanes, -0.3Vto +7V
Notes:
Vep2, VON..._ ..................................... -7V to +0.3V 1) Exceeding these ratings may damage the device.
All Other Pins........ccoeevvvivveeeeeen, -0.3V to +6.5V 2) The maximum allowable power dissipation is a function of the
Junction Temperature...........ccceevvvveeneennnn. 150°C maéimtltr?hiunctlion .t?mperaéure TC;t(hMAX),b_theE‘tjunctiont-tO-
o ambient thermal resistance 8,4, and the ambient temperature
Lead Temperature .............ccccoeveiiieiinennnnn 260 (% Ta. The maximum allowable continuous power dissipation at
Continuous Power Dissipation ... (Ta = 25°C) 3\% )gﬂ}bi;gt tergperagqre i?hcalcula_ted by FIID (Mtﬁx) = (T
-Ta)/6;n. Exceeding the maximum allowable power
QFN-lO (1.4mm><1.8mm) ---------------------- 0.892W dissipation will cause excessive die temperature, and the
. . ©) regulator will go into thermal shutdown. Internal thermal
Recommended Operating Conditions shutdown circuitry protects the device from permanent
damage.
Supply_VOItage V'N """"""""""""" 2.7V 10 5.5V 3) The device is not guaranteed to function outside of its
Operating Junction Temp......... -40°C to +125°C operating conditions.
4) Measured on JESD51-7, 4-layer PCB.
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mp5° MP5610 — 2.7V TO 5.5V INPUT, 1.2MHz, DUAL-CH, LCD BIAS POWER SUPPLY

ELECTRICAL CHARACTERISTICS
Vin =3.7V, Ven = Vin, Ta = 25°C, unless otherwise noted.

Parameters Symbol Condition Min Typ Max Units
GENEARL
Operating Input Voltage Vin 2.7 55 \%
. V|N:3.7V, VEN: VIN! no
Supply Current (Quiescent) lg switching 450 500 MA
Supply Current (Shutdown) Ist Ven=0V, V|\=3.7V 0.2 MA
Input UVLO Threshold Vin_uvio Rising Edge 2.35 2.45 2.55 \Y
Input UVLO Hysteresis 260 mV
EN High Voltage VEN_HIGH Ven Rising 1.2 \/
EN Low Voltage VEN_Low Vey Falling 0.4 \/
Switching Frequency fsw 0.96 1.2 1.44 MHz
Inpu_t Disconnect MOSFET On- Ron_ms Vi=3.7V 0.1 o
Resistance
Input DC Current Limit lim N Vin=3.7V 200 245 290 mA
. V|N:3.7V, V|Np:GND
Input DC Current Ramp Time Lt i O 10 260mMA 215 us
REF Soft Start Time Vin=3.7V 270 us
STEP-UP CONVERTER
Maximum Duty Cycle Duax 75 85 %
Minimum On Time ton_min 110 ns
Feedback Regulation Voltage Vegp 594 600 606 mV
Feedback Input Bias Current 100 nA
Main Switch On-Resistance Ron_m1 Vin=2.7V-3.7V, 0.5 Q
H|gh Side Switch On-Resistance RON_MZ&MG V|N:2.7V-3.7V, 2.0 Q
Cycle-by-Cycle Current Limit Ium Duty Cycle=0% 240 300 365 mA
High Side Switch Current ZCD
Detection Threshold 5 10 15 mA
NEGATIVE CHARGE PUMP
CP2 to GND MOSFET On- _
Resistance Ron_ms Vin=2.7V-3.7V, 0.6 Q
CP2 to VON MOSFET On- _
Resistance Ron_ma Vin=2.7V-3.7V, 0.5 Q
PROTECTION
Positive Output Over Voltage
Protection Threshold Vowp 5.9 6.1 64 v
Output Over Voltage Protection
Hysteresis Vove_tH 215 mvV
Negative Output Over Voltage i i i
Protection Threshold Vow 6.7 6.2 58 v
Output Qver Voltage Protection 165 mv
Hysteresis
MP5610 Rev. 1.02 www.MonolithicPower.com 3
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mp5° MP5610 — 2.7V TO 5.5V INPUT, 1.2MHz, DUAL-CH, LCD BIAS POWER SUPPLY

ELECTRICAL CHARACTERISTICS (continued)
Vin =3.7V, Ven = Vin, Ta = 25°C, unless otherwise noted.

Parameters Symbol Condition Min Typ Max Units

PROTECTION (continued)
Positive  Output Under-Voltage o

Protection Threshold Vuve p 52% REF
Negative Output Under-Voltage

. V % V
Protection Threshold UVP_N 60% opP

OTP Protection Threshold T sp 150 T
MP5610 Rev. 1.02 www.MonolithicPower.com 4
12/6/2016 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2016 MPS. All Rights Reserved.



mp5° MP5610 — 2.7V TO 5.5V INPUT, 1.2MHz, DUAL-CH, LCD BIAS POWER SUPPLY

TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 3.7V, Vop=+5.4V, Von=-5.4V, L = 10uH, Cour=1WF, Ta = 25°C, unless otherwise noted.
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mp5° MP5610 — 2.7V TO 5.5V INPUT, 1.2MHz, DUAL-CH, LCD BIAS POWER SUPPLY

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 3.7V, Vop=+5.4V, Von=-5.4V, L = 10pH, Cour=1WF, Ta = 25°C, unless otherwise noted.

Vyvp pvs. Ty VEBP Vs. VIN Current Limit vs. V|
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mPS'n MP5610 - 2.7V TO 5.5V INPUT, 1.2MHz, DUAL-CH, LCD BIAS POWER SUPPLY

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 3.7V, Vop=+5.4V, Von=-5.4V, L = 10pH, Cour=1WF, Ta = 25°C, unless otherwise noted.

Voltage Tracking Steady State Steady State
@ Asymmetric Load @ No Load @ 20mA Symmetric Load
20 T T 1T 111 5 ' A I
~ 18 VOP 40mA, VON OmA -"{m N, N ' ] h ™ .
S v 1 1 v
< 16 Wb s i | . |
) 5V/div. : SV/div.
5 12
€ 1.0/ VOP 20mA, VON OmA
E 08 Von | | Von_ |
T} ™~ 2v/div. P _ 2v/div.?]
P 06 |~ Voriz] ; Vorp{
3 04 2idi. : o 2V/div.
> 0.2 \IIOT 10mA, VION lomlA 50mA/divI? A eeemeet ipupvas mt T 100mA/div|fB|-
0 .
2.52.72.93.13.33.53.73.94.14.34.5 2ps/div. 1us/div.
INPUT VOLTAGE (V)
VN Startup VN Startup EN Startup
@ No Load @ 20mA Symmetric Load @ No Load
B R o e
v v . : v L . I
svidiv. If svidiv. U svidiv. | }

“Von / “Von / “Von : / :
2vidiv. Zf 2viaiv. 7] y 2V/div. [
VOP (3} L VOP 3] . ok - VOP [ 4

2V/div. | 2V/div. : 2V/div.
I ot ;: I g} : ' |
100mA/div|f "l 100mA/div|fB| : 100mA/divL. r : :
100ps/div. 100us/div. 100us/div.
EN Startup Load Transient Load Transient
@ 20mA Symmetric Load 0->20mA 20mA->0mA

Y

VSW
5vidv.

I s oy | = Vo | ; *
b b s e e e | 100mVYdiV. ; 100mV/div. M ._._\,_ﬁw
v : / Vop S Vop : :
“VON . I 100mV/div. | L de 100mV/div. | Ldei o
2V/div. ~ : W : : f f
Vop 3 :
2V/div.
I : : I | L
100mA/div. Bl ; ; 100mA/div. | : 100mA/div.’ : :
100us/div. 400us/div. 400us/div.
Notes:
(a) Line/Load Regulation: (Vop'Vop_AVG)/Vop_A\/G*].OO%.
(b) Voltage Tracking: (VON|-VOP)/VOP*100%.
MP5610 Rev. 1.02 www.MonolithicPower.com 7
12/6/2016 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2016 MPS. All Rights Reserved.



mes

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

MP5610 — 2.7V TO 5.5V INPUT, 1.2MHz, DUAL-CH, LCD BIAS POWER SUPPLY

Vin = 3.7V, Vop=+5.4V, Von=-5.4V, L = 10pH, Cour=1pF, Ta = 25°C, unless otherwise noted.
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MP5610 — 2.7V TO 5.5V INPUT, 1.2MHz, DUAL-CH, LCD BIAS POWER SUPPLY

PIN FUNCTIONS

Package

Pin # Name |Description
IC Enable Pin. A voltage higher than threshold voltage enables the IC. Disable the IC by
1 EN . Co
pulling this pin to GND.
2 FBP Positive Output Step-up Converter Feedback Pin.
3 VON Charge Pump Negative Output Pin.
4 CP2 Negative Output Charge Pump Flying Capacitor Node 2
Negative Output Charge Pump Flying Capacitor Node 1. Connect a flying capacitor
5 CP1 oo .
between this pin and CP2 pin.
6 GND Ground Reference Pin.
7 VOP Step-up Converter Positive Output Pin.
8 SW Step-up Converter Power Switch Node. Drain of the internal low-side MOSFET. Connect
the power inductor between SW and VINP pin.
9 VINP Input Power Pin for Step-up Power Stage. Internally connected to the source node of
internal N-MOSFET.
10 VIN Input Power Pin. It provides power for internal logic and driver. Must be locally bypassed.

MP5610 Rev. 1.02
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mp5° MP5610 — 2.7V TO 5.5V INPUT, 1.2MHz, DUAL-CH, LCD BIAS POWER SUPPLY

FUNCTIONAL BLOCK DIAGRAM
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Figure 1: Functional Block Diagram
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MP5610 — 2.7V TO 5.5V INPUT, 1.2MHz, DUAL-CH, LCD BIAS POWER SUPPLY

OPERATION

Positive Step-up Converter

The MP5610 uses peak-current-mode control
step up converter to regulate positive output
voltage. The output voltage is accurately set a
resistor divider. At the start of each oscillator
cycle, the control circuit turns on the low-side
MOSFET (M1) and the inductor current stars
ramping up. A stabilizing ramp added to the
output of the current-sense amplifier, which
then feeds into the positive input of the PWM
comparator, prevents sub-harmonic oscillations
at duty cycles greater than 50%. When the
input to the PWM comparator equals the output
voltage of the error amplifier, M1 turns off. Then
the inductor current flows through the
synchronous power MOSFET which forces the
inductor current to decrease.

Negative Charge Pump

The negative output is provided by a charge
pump which directly draws power from the step-
up converter switching node. When the M1
turns on, CP2-to-VON MOSFET (M4) turns on
at the same time and then, the energy stored in
flying capacitor is transferred to the output
capacitor and load. When step-up rectifier
MOSFET (M2) turns on, CP2-to-GND MOSFET
(M3) turns on at the same time, the flying
capacitor is charged from inductor and thus,
energy is stored in flying capacitor. The
negative output voltage tracks the positive
output voltage by well matching the internal
MOSFET on resistive. The negative voltage can
be estimated as below,

I
Von = Vop + ﬁ * (Ron_MZ + Ron_MG) — 0 * Ron_M3

1-D
| [
_% * Ron_M4 - (IL + %) * (Ron_Ml + Rs)
While,
Von is the negative output voltage,
Vop is the positive output voltage,
lon is the negative output current,
lop is the positive output current,

D is the duty cycle of step-up converter,

I, is the inductor average current,

Rs is the internal sensing resistor value of step-
up converter,

Ron_m1 is the on resistance of MOSFET M1,
Ron_wmz is the on resistance of MOSFET M2,
Ron_ws is the on resistance of MOSFET M3,
Ron_wma is the on resistance of MOSFET M4,
Ron_wms is the on resistance of MOSFET M6,
Enable

When the input voltage is larger than under-
voltage-lock-out protection threshold, MP5610
can be enabled by pulling EN pin to higher than
1.2V. Leaving EN pin float or by pulling EN pin
down to GND disables MP5610. There is a 1M
Q pulling down resistor from EN pin to GND.

System Startup

When enabled, the input disconnection
MOSFET (M5) turns on and its DC current limit
ramps up gradually and this function provides
two merits,

1) To avoid large inrush current during startup,
2) To provide better voltage tracking starting
from O between positive and negative output
voltage.

After IC enabled, the internal reference starts
ramping up linearly to provide linear voltage
startup and avoid inrush current. The soft start
time from 0 to 600mV is around 1ms.

Voltage Tracking

MP5610 does precise voltage tracking by
adjusting the on resistance of PMOS M6 in
close loop. If the sum of positive output voltage
value and negative output voltage value is
larger than O, the gate driver voltage of M6
increases to increase the on resistance, thus
more energy is dropped across M6. If the sum
of positive output voltage value and negative
output voltage value is lower than 0, the gate
driver voltage of M6 reduces to reduces the on
resistance, thus less energy is dropped across
M6. Note that the minimum on resistance of M6
is 1Q.

MP5610 Rev. 1.02
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MP5610 — 2.7V TO 5.5V INPUT, 1.2MHz, DUAL-CH, LCD BIAS POWER SUPPLY

Output Over-Voltage Protection

MP5610 provides over-voltage protection for
step-up converter. If the positive output voltage
is larger than 6.1V, IC stops switching and
output starts dropping. When the voltage drops
lower than OVP recover threshold, IC resumes
to normal switching. The hysteresis is 215mV.

Since the negative output voltage is always
tracking the positive output voltage, the
negative output voltage can also be avoided to
over-charging. In some unexpected cases, if
the negative output voltage is lower than -6.2V,
IC stops switching and output starts dropping.
When the voltage drops larger than OVP
recover threshold, IC resumes to normal
switching. The hysteresis is 165mV.

Vor Under Voltage Protection

After startup, if the output feedback voltage is
lower than 52%*Vger, IC stops switching and
latches off to avoid any damage. This fault has
to be cleared by reset the input power or enable
signal. If Vop and GND are shorted before the
startup, larger current draws from the input
power side and it can be limited by maximum
input DC current limit, around 260mA.

Von Under Voltage Protection

MP5610 provides Von Under Voltage protection
by sensing the negative output voltage. After
the startup, if the Voy is lower than 60%*Vop,
the IC will stop switching and latch off to avoid
any damage. If the Von-to-GND is shorted
before startup, the positive output voltage will
not be charged up and thus, the IC will be
protected by limiting the input current Ilimit
switch.

Input UVLO Protection

To avoid IC operation in low input voltage,
MP5610 has input UVLO protection. IC only
starts operation when input voltage is larger
than input under-voltage-lock-out protection
threshold, Vi uvio. There is a 260mV
hysteresis when input voltage drops.

Over Heat Protection

When MP5610 junction temperature exceeds
the thermal protection threshold, IC shuts down
and latch off.

MP5610 Rev. 1.02
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MP5610 — 2.7V TO 5.5V INPUT, 1.2MHz, DUAL-CH, LCD BIAS POWER SUPPLY

APPLICATION INFORMATION

Setting the Positive Output Voltage

The external resistor divider is used to set the
output voltage. Choose the high side feedback
resistor R1 to 100k to 200k resistor, the low side
feedback resistor R2 can be calculated as below,

R1

VOUT 1
0.6

Selecting the Input Capacitor

The input capacitor reduces the surge current
drawn from the input supply and the switching
noise from the device. The input capacitor
impedance at the switching frequency should be
less than the input source impedance to prevent
the high-frequency switching current from
passing through to the input. Use ceramic
capacitors with X5R or X7R dielectrics for their
low ESR and small temperature coefficients. For
most applications, use a 1uF-to-4.7uF ceramic
capacitor.

R2 =

Selecting the Inductor

The MP5610 requires an inductor to boost its
output voltage. A larger value inductor results in
less ripple current, lowering both the peak-
inductor current and the stress on the internal N-
channel MOSFET. However, the larger inductor
is physically larger, has a higher series
resistance, and a lower saturation current.

Choose an inductor that does not saturate under
the worst-case load conditions. Select the
minimum inductor value to ensure that the boost
converter works in continuous-conduction mode
with high efficiency and good EMI performance.
Calculate the required inductance value using the
equation:

Nx Vo, x Dx (D)

2x fo % lomp

L>

D=1

ouT

Where V\y and Vouyr are the input and output
voltages, fsw is the switching frequency, Il oap IS
the load current, and n is the efficiency.

Selecting the Output Capacitor

The output capacitor keeps the output voltage
ripple small and ensures feedback loop stability.
The output capacitor impedance must be low at
the switching frequency. Ceramic capacitors with
X7R dielectrics are recommended for their low
ESR characteristics. Selection must also account
for the capacitance’s dependence on the voltage
rating; with a DC bias voltage, the capacitor can
lose as much as 50% of its capacitance at its
rated voltage rating. Leave a sufficient voltage
rating margin when select the component.

Too-low or too-high capacitance will cause loop
instability. For most applications, select a
capacitor in the range of 1uF to 4.7uF.

Selecting Flying Capacitor

The flying capacitor between CP1 and CP2 is
used to transfer energy from step-up converter
switching node to negative output. Ceramic
capacitors with X7R dielectrics are
recommended for their low ESR characteristics.
Usually, a 0.1uF to 1uF capacitor can cover most
of the applications.

Layout Consideration

Careful attention must be paid to the PCB board
layout and components placement. Proper layout
of the high frequency switching path is critical to
prevent noise and limit electromagnetic
interference. The loop consisting of internal low-
side  MOSFET, synchronous MOSFET and
output capacitor contains a high-frequency ripple
current—minimize this loop. Place the input and
output capacitor should as close to the IC as
possible.
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mp5° MP5610 — 2.7V TO 5.5V INPUT, 1.2MHz, DUAL-CH, LCD BIAS POWER SUPPLY

TYPICAL APPLICATION CIRCUITS
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Figure 2: Application Circuit
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mp5° MP5610 — 2.7V TO 5.5V INPUT, 1.2MHz, DUAL-CH, LCD BIAS POWER SUPPLY

PACKAGE INFORMATION
QFN-10 (1.4mmx1.8mm)
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A A NOTE:

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-220.

5) DRAWING IS NOT TO SCALE

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.

MP5610 Rev. 1.02 www.MonolithicPower.com 15
12/6/2016 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2016 MPS. All Rights Reserved.



