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12.6V, 7A Fully-Integrated Synchronous
Boost Converter

Descriptions

The WD31089 is a fully-integrated synchronous boost
converter. The device provides a high efficiency and
small size power solution for portable equipment. The
WD31089 features wide input voltage range from 2.7V
to 12V to support applications powered with single cell

or two cell Lithium ion/polymer batteries. The WD31089
has 7A continuous switch current capability and
provides output voltage up to 12.6V.

The WD31089 uses adaptive constant off-time peak

current mode control to regulate the output voltage. The
switching frequency in the PWM mode is adjustabl%
from 200kHz to 2.2MHz. The WD31089 also
implements a built-in 4ms soft start function and an

adjustable peak switch current limit function. In additi
the device provides 13.2V output ove

protection, cycle-by-cycle overcurrent prote
thermal shutdown protection.

The WD31089 is available
QFN2520-12L package. Standard pr

and Halogen-Free. 3108 = Device code
2Q = Special code
Features Y = Year code
° W = Week code
° Marking
°
. Applications
® Bluetooth™ Speaker
°
® Quick Charge Power Bank
® Resistor-Programmable Peak Current Limit up to 10A for )
® Portable POS Terminal
high pulse current and Hiccup .
® E-Cigarette
® Power Save Mode at Light Load
® Fast Load Transient Response with COT Control Mode
® Internal Output Overvoltage Protection at 13.2 V Order information
® Thermal Shutdown
Device Package Shipping

WD31089Q-12/TR QFN2520-12L | 3000/Reel&Tape
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Typical Applications
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Pin Descriptions

No. Symbol Description

1 FSW Switching f med by a resister between this pin and the SW pin.

r. A ceramic capacitor of more than 1.0 uyF is required

2 VCC

3

4 | trans-conductance amplifier, the loop compensation network should

ween this pin and the GND pin.

5

6 | Converter output.

7 Enable input control pin. High logic enables the device and low logic disables the device.

8 ! Peak current limit programmed by a resister between this pin and the GND pin.

9 VIN Supply Voltage pin. Requires a ceramic cap of 0.1uF or more is required between this pin
and ground.

10 BOOT Bootstrap pin. Connect a 0.1uF capacitor between this pin and SW pin

11 SW Switching node.
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Block Diagram
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Parameter Symbol Value Unit
Itage Range - -0.3~+14.5 Vv
. ILIM, FB Pin Voltage Range - -0.3~6 Vv
BOOT ltage Range(DC) (Vsw—0.3) ~ (Vsw + 6) \Y
Reua 53.4 °C/W
Thermal Cha ristics @
Resc 59.2 °C/W
Maximum Junction Temperature T, 150 °C
Lead Temperature(Soldering, 10s) Tu 260 °C
Operating Ambient Temperature Topr -40 ~ 85 °C
Storage Temperature Tstg -65 ~ 150 °C
o HBM Y
ESD Classification
CDM Y

Recommended Operation Conditions
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,9 WD31089Q

Symbol Characteristics Min. Typ. Max. Unit
Vin Supply Voltage 2.7 12 Y,
Vour Output Voltage 45 12.6 Y,
L Inductance, effective value 0.47 2.2 10 uH
Cin Input capacitance, effective value 10 uF
Cout Output capacitance, effective value 10 47 1000 uF
C3 VCC decoupling cap 1.0 uF
C4 Bootstrap cap 0.1 uF
T, Operating junction temperature -40 - 125 T

These are stress ratings only. Stresses exceeding the range specified under “Absolute Maximuf Ratings” may

listed in the specification is not implied and prolonged exposure to extreme conditi ect device
reliability.
Note 1: Surface mounted on FR-4 Board using 1 square inch pad size, dual side, copper.
Note 2: The device is not guaranteed to function outside of its operating c

F SN
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Electronics Characteristics

ViN=2.7V 1055V, Vour=9V, Ty=—-40°C to 125°C. Typical values are at T, = 25°C, unless otherwise noted.

Parameter | Symbol Conditions Min. Typ. Max. | Units
POWER SUPPLY
Input Voltage Range Vin 2.7 12 V
Vi Under Voltage Lockout Rising 2.7
VuvLo ] \
Threshold Falling 24 25
Vin UVLO Hysteresis VIN_HYS 200 mV
VCC Regulation Voltage Vee ICC=2mA,VIN=8YV 5.5 \%
VCC UVLO Threshold Vcc_uvio \Y
Standby Supply Current into Vin | Ves = 1.3V, lout = 0A 10 MA
Q
Standby Supply Current into Vout Ves = 1.3V, lout = 0A 70 10 MA
Shutdown Supply Current IsHDN Ven = 0V, Vin=5.5V MA
OUTPUT
Output Voltage Range Vout 12.6 v
Feedback Reference Voltage Vs 2 1.212 2%
Feedback Leakage Current Ire +100 nA
Output Overvoltage Protection .
Vovp . 13.2 13.7 v
Threshold
Output Overvoltage Protection
. Vovp_Hys Vove 0.25 \Y
Hysteresis
. ‘ 47 uF,
Soft Startup Time t 2 4 6 ms
ERROR AMPLIFIER
. = Vrer + 200 mV,
COMP Pin Sink Current 20 MA
Vcomp = 1.9V
Ve = Vrer — 200 mV, 20 uA
Vcomp = 1.9V
Ve =1V, Rum = 127 kQ 2.3 \Y/
Ve =1.4V, Rium =127 kQ 1.4 \/
Vcomp = 1.9V 190 uS
POWER SWITC
Rps(on) of HS FET Rurer Isw = 100mA 27 44 mQ
Rps(on) of LS FET Rirer Isw = —100mA 19 31 mQ
SWITCHING FREQUENCY
. Resw = 301 kQ 500 kHz
Oscillator Frequency Fsw
Rrsw = 46.4 kQ 2000 kHz
Minimum On Time toN_min VCC =55V a0 180 ns
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WD31089Q

Parameter Symbol | Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Units
CURRENT LIMIT
o Rium = 127 kQ 7.3 8.1 8.9 A
Inductor Valley Current Limit lLim
Rium = 100 kQ 9 10 11 A
Internal Reference Voltage at ILIM
. ViLm 1.212 \Y
Pin
EN LOGIC INPUT
EN Rising Threshold VENH 1.2 \Y
EN Falling Threshold VENL 0.4 \Y
EN Pulldown Resistor Ren kQ
Protection
Over Temperature Protection Totp Ty rising 155 °C

OTP Hysteresis Tore nvs | Tufalling below Tore % oC
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Typical Characteristics

(Ta=25°C,ViNn=3.6V,VeEn=3.6V,Vout =9V,L1=1.8uH,Cin=22uF,Cout=3X22uF,C4=0.1uF,C3=2.2uF,unless otherwise noted)

100 100

I 1 O 11 B e mmA Il
a0 . ::. gi;;: 90 :"--. :;--":: =1 [
Prasses 1]
— &0 % 3 80 : pld
= i
= = 2
2 70 e 70 g
@ || Q@
=] [§]
oo K VOUT=3V E 0 []] WVIN=3 6V 1
Jf —‘.':IN=3‘.i _' — VOUT=5V 1
50 VIN=25v 50 — VOUT=8V
— e ] WL — Your=12v]
400.‘1 1 10 100 1000 01 1 10 100 1000
Output Current{mA) Output Current (mA)
SN
1800 14
1600 12
) }
MO0 10
21200 - <
= \ = 8
= 1000 \ 3
= — o
< 800 s °
S 500 3 4
= & ]
[ —
400 o 2 -
200V, =36V =1A = 0 v, =36V
0 100 200 300 400 500 600 700 800 100 150 200 230 300 350 400
Resistance(ko) Resistance(koy)
y £ %
A
1.225 530
— 1220 525 | -
b _
=3 H5)0
o T
£ 1215 3
> — ] S 515 ™
2 1210 sl o <
8 7 =
= g 510
o o
1205 - V =36V =500mA
V, =3 6VV_ =90V 205 W=Vl g™ .
I R =301K .
1200 |OUT=200mA 500 sw U
50 25 0 25 50 75 100 125 50 -25 0 25 50 75 100 125
Temperature("C) Temperature("C)
7 Sep. 2020 - Rev. 0.5

Santa Clara, CA 95054
USA

Fax: + 1 408 567 3001
www.ovt.com

any product or service without further notice. OMNIVISION and the OMNIVISION logo ". ™
are trademarks or registered trademarks of OmniVision Technologies, Inc. J O M N I V I S I O N

All other trademarks are the property of their respective owners.

4275 Burton Drive Tel: + 1 408 567 3000 OMNIVISION reserves the right to make changes to their products or to discontinue




g | WD31089Q

2.7 Sl i
— V_ =GND
o S _
26 N 7
3 = s — V=55V
s 25 3 /
9 S 3
= 24 g
- = 5 =
g L L1
23 £ ____,...-—" | =1
— UVLO L | e e
— WLOH
22 | | | | | U
S0 250 25 40 75 100 125 A0 -25 00 25 50 75 100 125
Temperature("C) Temperature(*C)

N\

\ 4

N\

N\

| B o Juthe xS ]
v
Startup, VIN =3.6V, VOUT = 9V, IOUT =2A \

Tek f#1k I 1

B{vsw ‘

oot -

o N N O 3 1
I S R o T W

Ripple, VIN =3.6V, VOUT = 9V, IOUT =0A

8 Sep. 2020 - Rev. 0.5

4275 Burton Drive Tel: + 1 408 567 3000 OMNIVISION reserves the right to make changes to their products or to discontinue
. any product or service without further notice. OMNIVISION and the OMNIVISION logo ' ™
Santa Clara’ CA 95054 Fax: + 1408 567 3001 are trademarks or registered trademarks of OmniVision Technologies, Inc. ° / O M N I V I S I O N

USA www.ovt.com All other trademarks are the property of their respective owners.




WD31089Q

B 10UT

r.-' SO0V & ][aonps w7 ](
€ oo oo 1M & 146 A4

Load Transient, VIN =3.6V, VOUT = 9V, IOUT =1A to 2A

Operation Informations

The WD31089Q is a synchronous boost converter
that is capable to output continuous power more than
18W from input of a single cell Lithium-ion battery or
two-cell Lithium-ion batteries in series. Th
WD31089Q operates at a quasi-constant frequ
with constant off peak current mode control
at moderate to heavy load currenthhich
excellent line and load transi
load condition, the WD31089Q
mode to improve efficienc

drops below the typical UVLO threshold of 2.5 V. A
hysteresis of 200 mV is added so that the device

cannot be enabled again until the input voltage goes
up to 2.7 V. This function is implemented in order to
prevent malfunctioning of the device when the input
voltage is between 2.5V and 2.7 V.

Enable and Disable
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Line Transient, VIN =3.3V to 4V,

above maximal UVLO
7 V and the EN pin is pulled

in is pulled below the low threshold,
89Q goes into shutdown mode. The

onsumes less than 1pA current (typ.). Because of
e body diode of the high side rectifier FET, the
input voltage goes through the body diode and
appears at the Vour pin at the shutdown mode.

Soft Start

The WD31089Q implements the soft start function to
reduce the inrush current during startup. The
WD31089Q begins soft start when the EN pin is
pulled to logic high voltage. The soft start time is
typically 4ms.

Adjustable Switching Frequency

The WD31089Q features a wide adjustable
switching frequency ranging from 200kHz to 2.2MHz.
The switching frequency is set by a resistor
connected between the FSW pin and the SW pin of
the WD31089Q. Do not leave the FSW pin open.
Use Equation 1 to calculate the resistor value
required for a desired frequency.
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junction temperature of 155°C. When the thermal

4X(;_tDELAY XVOUT) . . . oo
RFREQ — fsw ViN @ shutdown is triggered, the device stops switching
CrREQ until the junction temperature falls below typically
where 130°C, then the device starts switching again.

* Rereq is the resistance connected between the FSW pin
and the SW pin.

* Crreq = 24 pF

* fsw is the desired switching frequency.

* toetay = 86 Ns

* Vinis the input voltage.

* Vour is the output voltage.

Adjustable Peak Current Limit

To avoid an accidental large peak current, an internal
cycle-by-cycle current limit is adopted. The low-side

switch turns off immediately as long as the peak

switch current touches the limit. The peak inductor
current can be set by selecting the correct external
resistor value correlating with the required current ’
limit. Use Equation 2 to calculate the correct resistor
value for the WD31089Q.

1030000

| —
LIM RiLim

where
* Rium is the resistance connected
and ground.

* lumis the switch peak current limi
For a typical current limit o sis
127 kQ for the WD310

1089Q stops switching immediately
until the volti@ge at the Vour pin drops the hysteresis
voltage lower t
threshold. This function prevents over-voltage on the

output and secures the circuits connected to the

the output over-voltage protection

output from excessive overvoltage.
Thermal Shutdown

A thermal shutdown is implemented to prevent
damage due to excessive heat and power dissipation.
Typically, the thermal shutdown happens at the
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Application Informations

Setting Output Voltage

The output voltage is set by an external resistor
divider (R1, R2). Typically, a minimum current of
10uA flowing through the feedback divider gives
good accuracy and noise covering. A resistor of
less than 120kQ) is typically selected for low-side
resistor R2.

When the output voltage is regulated, the typical
voltage at the FB pin is Vrer. Thus the value of R1
is calculated as:

Vour— VrRep)XR
R, = Vour VR;FF) 2 3)

Inductor Selection

Because the selection of the inductor affects the
power supply’s steady state operation, transient
behavior, loop stability,
efficiency, the inductor is the most important

and boost converter

component in switching power regulator desi
specifications to
performance of the inductor are the‘duct

Three most important

can have +20% or even *30%
tolerance o current bias. When the inductor
current approat

can decrease 20% to 35% from the value at OA

saturation level, its inductance

current depending on how the inductor vendor
defines saturation. When selecting an inductor,
make sure its rated current, especially the
saturation current, is larger than its peak current
during the operation.

Follow Equation 4 to Equation 4 to calculate the

peak current of the inductor. To calculate the
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current in the worst case, use the minimum input
voltage, maximum output voltage, and maximum
load current of the application. To leave enough
design margin, Tl recommends using the minimum
switching frequency, the inductor value with —30%
tolerance, and a low-power conversion efficiency
for the calculation.

In a boost regulator, calculate the inductor DC
current as in Equation 4.

_ Vourxlour

Ipc = @)

where
* Vour is the output volta
* lout is the output

®)

* L is the inductance value.

* fswis the switching frequency.

* Vour is the output voltage.

« Vinis the input voltage.

Therefore, the peak current, lpeak, S€en by the
inductor is calculated with Equation 6.

|
ILpeak = Ipc + % (6)

Set the current limit of the WD31089Q higher than
the peak current ILpeak. Then select the inductor with
saturation current higher than the setting current
limit.

Boost converter efficiency is dependent on the
resistance of its current path, the switching loss
associated with the switching MOSFETSs, and the
The WD31089Q has
optimized the internal switch resistance. However,

inductor's core loss.
the overall efficiency is affected significantly by the
inductor’s DC resistance (DCR), and the core loss.
Core loss is related to the core material and

different inductors have different core loss. For a
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certain inductor, larger current ripple generates
higher DCR and core loss. Usually, the datasheet
of components don’'t provide the core loss
information. If needed, consult the inductor vendor
for detailed information. Generally, we would
recommend an inductor with lower DCR and core
loss. However, there is a tradeoff among the
inductor’s inductance, DCR and ESR resistance,
and its footprint. Furthermore, shielded inductors
typically have higher DCR than unshielded
inductors. Verify whether the recommended
inductor can support the user's target application
with the previous calculations and bench
evaluation.

Input Capacitor Selection

For good input voltage filtering, ceramic capacitors
with low-ESR Will recommended. The VIN pin is
the power supply for the WD31089Q. A 0.1pF
ceramic bypass capacitor is recommended as
close as possible to the Vi pin of the WD31089Q.
The Vcc pin is the output of the internal LDO
ceramic capacitor of more than 1.0 pF is re
at the Vcc pin to get a stable opera& of t

For small
capacitor
recommended. Typically, three 22uF ceramic

as ceramic capacitor is

output capacitors work for most applications.
Higher capacitor values can be used to improve the
load transient response. Take care when
evaluating a capacitor's derating under DC bias.
The DC bias can significantly reduce the effective
capacitance. Ceramic capacitors can lose most of
their capacitance at rated voltage. Therefore, leave
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margin on the voltage rating to ensure adequate
effective capacitance. From the required output
voltage ripple, use the following equations to
calculate the minimum required effective
capacitance Co:

_ (Vour—Vin.MmiNn)XlouT

Vripple_dis - VourxfswxCo (7)
Vripple_ESR = ILpesk X Rgs (8)
where
* Viipple_dis iS output voltage rippl charging
and discharging of the outp
* Vripple_ESR IS output voltal R of

the output capacito,
* VIN_MIN IS the

converter.

oard Layout Considerations

The device is designed to operate from an input
oltage supply range between 2.7V to 12V. This
input supply must be well regulated. If the input
supply is located more than a few inches from the
converter, additional bulk capacitance may be
required in addition to the ceramic bypass
capacitors. A typical choice is an electrolytic or
tantalum capacitor with a value of 47uF.

As for all switching power supplies, especially
those running at high switching frequency and high
currents, layout is an important design step. If
layout is not carefully done, the regulator could
suffer from instability and noise problems. To
maximize efficiency, switching rise time and fall
time are very fast. To prevent radiation of high-
frequency noise (for example, EMI), proper layout
of the high-frequency switching path is essential.
Minimize the length and area of all traces
connected to the SW pin, and always use a ground
plane under the switching regulator to minimize
interplane coupling. The input capacitor needs to

12 Sep. 2020 - Rev. 0.5
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be close to the VIN pin and GND pin in order to
reduce the input supply current ripple.

The most critical current path for all boost
converters is from the switching FET, through the
rectifier FET, then the output capacitors, and back
to ground of the switching FET. This high current
path contains nanosecond rise time and fall time,
and should be kept as short as possible. Therefore,
the output capacitor needs not only to be close to
the Vour pin, but also to the GND pin to reduce the
overshoot at the SW pin and Vour pin.

13
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PACKAGE OUTLINE DIMENSIONS

QFN2520-12L
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Dimensions in Millimeters
M

BOTTOM VIEW

I,

in. Typ. Max.
0.80 0.85 0.90
- 0.02 0.05
0.203REF
2.5BSC
2.00BSC
0.20 0.25 0.30
b1 0.30 0.35 0.45
b2 0.95 1.00 1.05
L 0.25 0.35 0.45
L1 0.75 0.80 0.85
L2 0.20REF
e 0.50BSC
e2 0.70BSC
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TAPE AND REEL INFORMATION

Reel Dimensions

!
Tape Dimensions 6

RD

ololo T *
\ B ;
/ . |

\

ents For PIN1 Orientation In Tape

o O O O

i
\
Ql‘ 2 —

Q3| Q4 User Direction of Feed
|
RD Reel Dimension ¥ Zinch [ 13inch
W Overall width of the carrier tape ¥ 8mm [ 12mm
P1 Pitch between successive cavity centers | [ 2mm ¥ 4Amm [ 8mm
Pin1 | Pin1 Quadrant [ a1 v Q2 [ Q3 [ Q4
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