JOULWATT

Synchronous Step-Down Converter

JW5712/JW5712A

Ultra-Low Quiescent Current

Preliminary Specifications Subject to Change without Notice

DESCRIPTION

The JW®5712/A provides an ultra-low power
solution for products powered by either one
rechargeable Li-lon batteries, Li-primary battery
chemistries such as Li-MnO2 or two to three cell
alkaline batteries. The output voltage of the buck
converter is set with three VSEL pins between
0.7V and 3.3V. JW5712/A features low output
ripple voltage and low noise with a small output
capacitor. Once the input voltage comes close to
the output voltage the device enters the 100%
duty cycle operation mode to prevent an increase
of output ripple voltage. In this operation mode
the device stops switching and turns the high-side
MOSFET switch on.

JW5712/A is available in 8 ball WLCSP
1.6mmx0.9mm package, which provide a
compact solution with minimal external
components.

Company’s Logo is Protected, “JW” and “JOULWATT” are Registered
Trademarks of JoulWatt technology Inc.

FEATURES
e 2.3V to 5.5V operating input range
e Output current
JW5712/A: 600mA, peak to 800mA
e Typical 360nA quiescent current
e Up to 90% efficiency with load current>15uA
e | ow output ripple voltage
o 8 selectable output voltages
JW5712: 1.2V to 3.3V
JW5712A: 0.7V to 3.1V
e Output short protection

e Output voltage discharge

e Automatic transition to 100% duty cycle
operation

® Thermal protection

e Available in WLCSP8 package

APPLICATIONS

10T

Wearable and Personal Electronics

Health Monitoring and Medical Accessories
Industrial Metering

Energy Harvesting

TYPICAL APPLICATION
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ORDER INFORMATION
DEVICEY PACKAGE TOP MARKING? ENVIRONMENTAL3
JW5712WLCSPCHTR WLCSP1.575x0.875-8 Y\J/\\/N[’I\UDDIZI Green
O
JW5712AWLCSPCHTR WLCSP1.575x0.875-8 YJ\XIVSE O Green
Note:
IWC—IC—#TR
1) Tape and Reel (If TR is not shown, it means Tube)
Package Code
—JW oo Part No. yw OO0
T Lot number
2) Linel: T product code Line2:
T— Joulwatt LOGO u Week code
3) All Joulwatt products are packaged with Pb-free and Halogen-free materials and compliantto RoHS standards.
PIN CONFIGURATION
Top View
1 2
A
C
ABSOLUTE MAXIMUM RATINGV
VIN, SW PINS Lottt et e e e e e e e e e e e e et b e b ens -0.3Vto 6V
AlLOTNEI PINS ettt ettt e e e e e e e e e e e e e e e r e ns -0.3Vto 6V
¥ ol e o T [=Taa o T=Y 2= (01 (=AU 150°C
Lead TEMPEIALUIE .....eeeiiiiieeee ettt et e e e e e e e e e e e et e tae et e e eeeeee aesseeeeeeeeeaaaaeeaeeesseassanaaannnnns 260°C
1 (o] = (o LR F=T 1 g o 1=T = (U] (U -65°C to +150°C
ESD (HBM) ..ot e e e e e et eeeeee s s eee et e e eeeeeseseeeeeseeeee e s eeeesees e e et eeseesees et eneeneereeeeeeens +2kV
ESD (CDIM) ettt e e et ee e e e e et e s e e e et e et et et e ee s ee et et e e r e ee e +500V
RECOMMENDED OPERATING CONDITIONS®
TaT o1 LAY o] c= o TR A | PO 2.3Vto 5.5V
JWSET712/A Output CUITENT TOUL ... e e et e e e e e 600mA
Junction Temperature RANGE .........ouviiiiiiiiiiiiie et a e -40°C to 125°C
THERMAL PERFORMANCE? 6u  Ouwp
VWG S8ttt e e e e e e e e ettt e e e e e e e e e e e e e e bt aaaaaas 103....1°C/W
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Note:

1) Exceeding these ratings may damage the device. These stress ratings do not imply function operation of the device
at any other conditions beyond those indicated under RECOMMENDED OPERATING CONDITIONS.

2) The JW5712/JW5712A includes thermal protection that is intended to protect the device in overload conditions.
Continuous operation over the specified absolute maximum operating junction temperature may damage the device.

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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ELECTRICAL CHARACTERISTICS

VIN=3.6V, Ta=-40 C to 85 C, typical values are at Ta= 25 T, Unless otherwise stated.

Item Symbol Conditions Min.

V,y Under-voltage Lockout Threshold Vin_min V| rising 2.09 2.16 2.25 \Y
Vy Under-voltage Lockout Hysteresis | V| i st 100 mV
Shutdown Supply Current lsp V=0V 40 300 nA
device not switching 360 600 nA
Supply Current lq 5
device switching 460 800 nA
High Side MOSFET On-resistance RDS(ON)T Vin=3.6V, lout=50mA 380 470 mQ
Low Side MOSFET On-resistance RDS(ON)B Vin=3.6V, lout=50mA 250 450 mQ
High Side MOSFET Switch Current
I M Peak 3VsVins5.5V 1.3 1.5 1.7 A
Limit -
Low Side MOSFET Switch Current
o lim varey | 3VSViINS5.5V 1 1.2 1.4 A
Limit
EN=GND,
Output Discharge Resistance Roisch lvos=-10mA into VOS 30 65 Q
pin
Bias Current Into VOS Pin lin_vos Vour=2V, EN=Vin 100 | 200 nA
Output Voltage Accuracy Vour Vour=1.8V -2% +2 %
Vour=1.8V,CCM
operation, 0.01 %/mA
5 loyr=0~600mA
Output Voltage Load Regulation Vou=1.8Y,
lour=100mA, 0.002 %/mA
2.3V=ViNs5.5V
Vour=1.8V,
Output Voltage Line Regulation lour=100mA, 0.1 %IV
2.3V=Vinsb.5V
Minimum On Time Ton M lour=0mA, V=2V 500 ns
Minimum Off Time®! Tore Min 80 ns

From EN=low to high

Soft-start Delay Time” Tss puy until device starts 8 ms
switching

Soft-start Time” Tss 2-3V=VIn5.5V, 830 us
EN=Vin

High Side MOSFET Switch Current
Limit During Soft-start”

ILWLPeakaS EN=low to h|gh 150 mA

JW5712/JW5712A Rev.0.2 JoulWatt Proprietary Information. Patent Protected. 4
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VIN=3.6V, Ta=-40 C to 85 C, typical values are at Ta= 25 T, Unless otherwise stated.

Symbol Conditions

Low Side MOSFET Switch Current

Limit Duri Soft-st rts) ILIM_VaIIey_SS EN=low to h|gh 128 mA
imit During Soft-sta

2.3VsVins5.5Y,
Input High Threshold ViH 1.2 Y
EN, VSELs pins

2.3V <VINSB.5V,
Input Low Threshold Vi 0.4 \%
EN, VSELs pins

Input Pin Bias Current In 10 nA

Rising Vin, 100%
VTH_100+ mode is left with 150 250 350 mV

Auto 100% Mode Leave Detection

Threshold
ViN=Vout+VTH_100+

Falling Vin, 100%
VTH_100- mode is entered with 85 200 290 mV

Auto 100% Mode Enter Detection

Threshold

Vin=Vout+VTH_100-
Thermal Shutdown” Trsp 150 °C
Thermal Shutdown Hysteresiss) TTSD_HYST 20 °C
Note:

5) Guaranteed by design.

Table 1. Output Voltage Setting

JW5712 VOUT/V JW5712A VOUT/NV VSEL3 VSEL2 VSEL1

1.2 0.7 0 0 0

15 1 0 0 1

1.8 1.3 0 1 0

2.1 0.75 0 1 1

25 19 1 0 0

2.8 1.05 1 0 1

3.0 29 1 1 0

3.3 3.1 1 1 1
JW5712/JW5712A Rev.0.2 JoulWatt Proprietary Information. Patent Protected. 5
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PIN DESCRIPTION

Pin Name ‘ Description

A1 - Switch pin which is connected to the internal MOSFET switches. Connect inductor to this
terminal.

A2 VIN VIN power supply pin. Connect this pin close to the VIN terminal of the input capacitor. A
minimum of 4.7uF ceramic capacitor from this pin to GND is required.

B1 EN Enable pin. Drive EN pin high to turn on the regulator and low to turn off the regulator.

B2 GND Ground pin.

C1 VSELA1

D1 VSEL2 Output voltage selection pins.

D2 VSEL3

co VoS Feedback pin for the internal feedback divider network and regulation loop. Connect this
pin directly to the output capacitor with a short trace.

JW5712/JW5712A Rev.0.2 JoulWatt Proprietary Information. Patent Protected. 6
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BLOCK DIAGRAM
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TYPICAL PERFORMANCE CHARACTERISTICS

ViNn =3.6V, Vour= 1.2V, L = 2.2uH, Cour = 104F, Ta= +25°C, unless otherwise noted

Startup through Enable
V|N=3.6V, VOUT=1.2V

Shutdown through Enable
V|N =3.6V, VOUT =1.2V

Automatic 100% Mode Transition
V|N =3V to 4V, Vou'r =3.3V

lour=0.6A (Electronic load) lour=0.6A (Electronic load) lour=0.1A
’ ‘ = ——"——" ‘ I
N Vour g
1v/dw.— ZVE/’:iiv » R ———_— 500mV/div ™
Vo | R i ammp s : ™
iy P———— Vor | Al
S F e 1v/div
| W W
5;7:“, | v/ svidy
| ! "
L | L |
i ! sooma/di ) ; 10011:;/div’
4ms/div 200us/div 20ms/div
Heavy Load Operation Light Load Operation No Load Operation
0.6A LOAD 0.15A LOAD 0ALOAD
Vour (AC) Vour (AC) 5 Yor (0 ‘ —
20mV/div o 20mV/div | I somv/dv |
P o o om m e m mm om m w S O I o T e O T o O B e I B ht «
w | 4 wo | W J. |
L Gt i e s v Widv By ' wiaw e
QVAVAVAVAVAVA' A}
L L | L { :
SoomAfdiv B a00mafais Woma/dv 7} !
1us/div Lusdiv 1us/div
Short Circuit Protection Short Circuit Recovery Short Circuit EN ON
V|N =3.6V, VOUT =1.2V V|N =3.6V, VOUT =1.2V V|N =3.6V, IOUT= Short
IOUT=0-1A' Short IOUT= Short-0.1A
EN  ioe—
Vour /div
. Vour | |
W/div widw Vour |
1V/div
w sw |__
w " .
& - s s
It IL L I
500mA/div sooma/dv | | 500mA/div
4ms/div amsdv 4ms/div
Load Transient
50mA LOAD — 0.6A LOAD — 50mA
LOAD
Vour (AC) e 'L'_‘i.::;},’ e
somV/div | i o
som (B S
4ms/div
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TYPICAL PERFORMANCE CHARACTERISTICS
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FUNCTIONAL DESCRIPTION

JW5712/A is an ultra-low power synchronous
step-down regulator. It regulates input voltages
from 2.3V to 5.5V down to an output voltage
range from 0.7V to 3.3V with ultra low quiescent
current consumption (360nA typical) and is
capable of supplying to 600mAof continue load
current and 800mA of peak load current .

Shut-Down Mode

JW5712/A shuts down when voltage at EN pin
is driven below 0.3V. The entire regulator is off
and the supply current consumed by JW5712/A
drops below 40nA .

Output Voltage Selection

JW5712/A does not require an external resistor
divider network to program the output voltage.
The device integrates a high impedance
feedback resistor divider network which is
programmed by VSEL1-3 pins. JW5712/A
supports an output voltage ranges of 0.7V to
3.3V. The output voltage can be changed during
operation and supports simple dynamic output
voltage scaling. The output voltage is
programmed according to Table 1.

Soft Start

The JW5712/A has an internal soft-start function
to minimize input voltage drop during start-up.
This allows the operation from high impedance
battery cells. Once the device is enabled the
device starts switching after a typical delay time
of 8ms, then the soft-start time of typical 830us
begins with a reduced current limit of typical 128
mA. When this time passed by the device enters
full current limit operation. This allows a smooth
start-up and the device can start into full load
current. Furthermore, larger output capacitors
impact the start-up behavior of the DC/DC
converter especially when the output voltage

does not reach its nominal value after the typical
soft-start time of 830us has passed.

Output Current Run-Away Protection

JW5712/JW5712A ingrates a current limit on
the high side as well on the low side MOSFETSs
to protect the device against overload or short
circuit conditions. The peak current in the
switches is monitored cycle by cycle. If the high
side MOSFET current limit is reached, the high
side MOSFET is turned off and the low side
MOSFET is turned on until the current
decreases below the low side MOSFET current
limit. When the voltage of FB decrease below to
0.4V, the current limit will decrease to 1/2
current limit.

Output Discharge

The device provides automatic output voltage
discharge once it is disabled. This feature
prevents residual charge voltage on the output
capacitor, which may impact proper power up of
the system connected to the converter. The
discharge circuit at VOS pin becomes active
once the EN pin is pulled to low or the input
voltage drops below UVLO comparator
threshold.

100% Duty Cycle Operation Mode

Once the input voltage comes close to the
output voltage, the DC/DC converter stops
switching and enters 100% duty cycle operation
mode and the output voltage Vour tracks the
input voltage Vin. Once the input voltage VIN
falls below the 100% mode enter threshold,
V1H_100-, the DC/DC regulator is turned off,
switching stops and therefore no output voltage
ripple is generated. The voltage difference
between Vv and Vour is the voltage drop across
the power inductor and the internal high side

JW5712/JW5712A Rev.0.2
2021/08/27
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MOSFET switch. Once the input voltage
increases and trips the 100% mode exit
threshold, VrtH_100+ , the DC/DC regulator turns
on and starts switching again.

100% duty
cycle operation

100% duty
cycle operation

Vour discharge

Figure7. Automatic 100% Mode Transition

Thermal Protection

When the temperature of the JW5712/A rises
above 150°C, it is forced into thermal shut-down.
Only when core temperature drops below 130°C
can the regulator becomes active again.

JW5712/JW5712A Rev.0.2
2021/08/27
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APPLICATION INFORMATION

Input Capacitor

The input capacitor is used to supply the AC
input current to the step-down converter and
maintaining the DC input voltage. The ripple
current through the input capacitor can be
calculated by:

Vour ( VOUT)
OUT (1=

Iein = lour *
ViN

where lour is the load current, Vour is the output
voltage, Vi is the input voltage.

Thus the input capacitor can be calculated by
the following equation when the input ripple
voltage is determined.

__lour  Vour (1 B VOUT)
fsw*AVin  Vin Vin

CIN

where Cy is the input capacitance value, fsy is
the switching frequency, AV is the input ripple
voltage.

The input capacitor can be electrolytic, tantalum
or ceramic. To minimizing the potential noise, a
small X5R or X7R ceramic capacitor, i.e. 0.1uF,
should be placed as close to the IC as possible
when using electrolytic capacitors.

A 4.7uF ceramic capacitor is recommended in
typical application.

Output Capacitor

The output capacitor is required to maintain the
DC output voltage, and the capacitance value
determines the output ripple voltage. The output
voltage ripple can be calculated by:

Vour Vour 1
AV, = * (1 — ) * (R + —)
ouT fsw * L Vin SR T g« fsw * Cour

where Cour is the output capacitance value and
Resr is the equivalent series resistance value of
the output capacitor.

The output capacitor can be low ESR
electrolytic, tantalum or ceramic, which lower
ESR capacitors get lower output ripple voltage.
The output capacitors also affect the system
stability and transient response, and a 10uF
ceramic capacitor is recommended in typical
application.

Inductor

The recommended power inductor is 2.2uH and
inductor saturation current rating choose follow
over current protection design consideration. In
applications, it needs to select an inductor with
the low DCR to provide good performance and
efficiency.

External Csw Capacitor

The Csw capacitor must be added between SW
pin and GND pin. A 1nF low ESR ceramic
capacitor is recommended to connected
between the SW pin and GND pin. Keep the
Csw as close as close to SW pin and GND pin.

PCB Layout Note

For minimum noise problem and best operating
performance, the PCB is preferred to following
the guidelines as reference.

1. Place the input decoupling capacitor as
close to JW5712 and JW5712A (VIN pin
and GND pin) as possible to eliminate noise
at the input pin. The loop area formed by
input capacitor and GND must be
minimized.

2. Keep the Csw as close as close to SW pin
and GND pin.

3. Keep the switching node SW short to
prevent excessive capacitive coupling

4. Make Vi, Vout and ground bus connections
as wide as possible. This reduces any
voltage drops on the input or output paths of
the converter and maximizes efficiency.

JW5712/JW5712A Rev.0.2
2021/08/27
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REFERENCE DESIGN
V|NZ 2.7\V~5.5V

|ou‘r2 0~0.6A
L
Vin 2.2uH vV,
VIN sw T N T
CSW
Ci J_o_ EN JW5712/A I nF
4.7uF Floom: VOS |—
= COUT 4
Vinor GND e—— VSEL1 10uE T
V\yor GND e—} VSEL2
Vivor GND e—— VSEL3
GND =
L
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PACKAGE OUTLINE

WLCSP8 UNIT: mm

MILLIMETER
SYMBOL

Q (/ MIN NOM MAX
A 0515 0555 0.595

£e

Q Q Al 0.175 0.195 0.225
A2 0.300 0.320 0.350

/@/ Q A3 0.035 0.040 0.045
D 0.830 0.875 0.900

E 1.530 1.575 1.600
O
F 0.290

0.230 0.270
TOP VIEW BOTTOM VIEW D1 0400TYP
El 1.200 TYP
E2 0.400 TYP
9 o

EPANY

SIDE VIEW
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPAE
Sprocket Holes
Procket Quadrants
Package Type Pin1 Quadrant
WLCSP8 1
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IMPORTANT NOTICE

® Joulwatt Technology Inc. reserves the right to make modifications, enhancements, improvements,
corrections or other changes without further notice to this document and any product described herein.

® Any unauthorized redistribution or copy of this document for any purpose is strictly forbidden.

® Joulwatt Technology Inc. does not warrant or accept any liability whatsoever in respect of any products

purchased through unauthorized sales channel.

Copyright © 2021 JW5712/A Incorporated.

All'rights are reserved by Joulwatt Technology Inc.
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