JOULWATT

JW5116F

3A, 40V Asynchronous
Step-Down Converter

Parameters Subject to Change Without Notice

DESCRIPTION

The JW®5116F is a current mode monolithic buck
switching regulator. Operating with an input range
of 4.7-40V, the JWS5116F delivers 3A of
continuous output current with an integrated high
side N-Channel MOSFET. At light loads,
JW5116F operates in low frequency to maintain
high efficiency and low output voltage ripple.
Current mode control provides tight load transient
response and cycle-by-cycle current limiting.

The JW5116F guarantees robustness with input
under-voltage lockout, start-up current run-away
protection, output short protection and thermal
protection.

The JW5116F is available in SOP8 and ESOP8
package, which provides a compact solution with
minimal external components.

Company’s Logois Protected, “JW” and “JOULWATT” are Registered

Trademarks of JoulWatt technology Inc.

FEATURES

4.7V to 40V operating input range
3A output current

Up to 92% efficiency

High efficiency (>78%) at light load
Internal soft-start

Adjustable switch frequency

Input under-voltage lockout

Start-up current run-away protection
Output short protection

Thermal protection

Available in SOP8 and ESOP8 package

APPLICATIONS

Distributed Power Systems
Networking Systems

FPGA, DSP, ASIC Power Supplies
Green Electronics/ Appliances
Notebook Computers

TYPICAL APPLICATION

Step Down Regulators

leFw)(o“t

RS

AAA

VVv

c2
——
o VIN BST SW
Vin L
Rig FB
o 1 ENJWS5116F
R63 RT
GND COMP
- = C5

DlT 7

IL_AAA
VVv

JW5116F Rev.0.21

Joulwatt® Proprietary Information. Patent Protected.

Unauthorized Photocopy and Duplication Prohibited.



JWS116F

ORDER INFORMATION

DEVICEY ‘ PACKAGE TOP MARKING?
JW5116F
JW5116FSOPB#TRPBF SOP8
ywoOOoOOoOoOoo
JW5116F
JW5116FESOPHTRPBF ESOP8
ywoOOoOOoOoOoo

Notes:

JWC_— O J# TRPBF

" PBFree
1) Tape and Reel(If” TR” is not shown, it means tube)
Package Code

Part No.

JwOnooo YWEED]E— Lot number
2) Linel: LProduct code Line2:
L Joulwatt LOGO week code
PIN CONFIGURATION
TOP VIEW
sw1 1O 8] BST sw 1] 2 [ 8] BST
}
En [2 7] VIN En[2] | ] VN
! GND 1
! 1
comp [3_] 6] RT comp [3 ] :‘ /: [ 6] RT
FB [4_| 5] GND e © e
SOPS ESOPS8
ABSOLUTE MAXIMUM RATINGY
VIN, EN, SV PIN e e e e e e e e e e e e e e as -0.3V to 45V
BT PiN e SW-0.3V to SW+5V
1o 11 1= G o1 U -0.3Vto 6V
JUNCHON TEMPEIALUIEZ D) ... oot 150°C
Y= To B =T 0] 01T = LU= PO 260°C
Y (ol r=To L E=T 0 4] 01T = L0 = PSPPSR -65°C to +150°C
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RECOMMENDED OPERATING CONDITIONS

Tl o1 A o] r=To L=V | PP UUTTPRRPR 4.7V to 40V
OULPUL VOITAGE VOUL ...ttt ettt ettt e e e e s e st e e e e e e bbb be e e e e e ntbeeaaeans 0.8V to 37V
Operating JUNCHON TEIMP. ..o i ittt e et e e e e e s eae e e e s e snbbreeaaeeaan -40°C to 125°C
THERMAL PERFORMANCE® 6;n 05
SO e et e et nbe e 96....45°C/W
B S OP 8 .. e 50....10°C/W
Note:

1) Exceeding these ratings may damage the device.

2) The JW5116F guarantees robust performance from -40°C to 150°C junction temperature. The junction temperature
range specification is assured by design, characterization and correlation with statistical process controls.

3) The JW5116F includes thermal protection that is intended to protect the device in overload conditions. Thermal
protection is active when junction temperature exceeds the maximum operating junction temperature. Continuous
operation over the specified absolute maximum operating junction temperature may damage the device.

4) Measured on JESD51-7, 4-layer PCB.
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ELECTRICAL CHARACTERISTICS

Vin =12V, T = 25°C, unless otherwise stated.

Condition in. . Max.

Vin  Under-voltage  Lockout )
VIN MIN Vin falllng 3.5 3.8 4.1 V

Threshold -
Vin  Under-voltage Lockout o

5 VIN_MIN_HYST V) rising 400 mv
Hysteresis®
Shutdown Supply Current Isp Ven=0V 1.6 5 HA
Supply Current lo Ven=5V, V=12V 65 100 MA
Feedback Voltage Ves 4.7V<Vyn<40V 0.780 0.8 0.820 \Y
Top Switch Resistance” RpsonT 63 78 mQ

. V|N:40V, VENZOV,
Top Switch Leakage Current ILeAK_ToP 1 UA
VSWZOV

Top Switch Current Limit® lLim_ToP Minimum Duty Cycle 3.6 45 A
Error Amp Min Source Current FB=0.4V 15 uA
Error Amp Min Sink Current FB=1.2V -15 uA
Switch Frequency Fsw Rrr =260k 100 160 220 kHz
Switch Frequency Range® Fsw 100 700 kHz
Minimum On Time® Ton_MIN 120 ns
Minimum Off Time TorF_MIN V=0V 150 ns
EN Shutdown Threshold VEN_TH Ven rising, FB=1V 1.0 1.3 1.6 \Y
EN shut down hysteresis® VEN HysT 100 mv
Thermal Shutdown® Trsp 137 °C
Thermal Shutdown Recovery

. g Trspr 15 °C
Hysteresis®

Note: 5) Guaranteed by design.
JW5116F Rev.0.21 Joulwatt® Proprietary Information. Patent Protected. 4
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PIN DESCRIPTION

SN PIN -
Name Description

SOP8  ESOPS |

SW is the switching node that supplies power to the output. Connect the output LC

1 1 SW
filter from SW to the output load.

2 2 EN Drive EN pin high to turn on the regulator and low to turn off the regulator.
Compensation pin. Comp is used to compensate the regulation control loop.
Connect a series RC network from COMP to GND to compensate the regulation

3 3 coMP control loop. One ceramic cap such as several tens pF is usually connected from
COMP to GND to decouple the voltage noise.

4 4 B Output feedback pin. FB senses the output voltage and is regulated by the control

loop to FB reference voltage 0.8V. Connect a resistive divider at FB.
5 5/ EP GND Ground.

Voltage at the RT pin is regulated at 1.2V. Switch frequency of the regulator can be

® ® RT adjusted by connecting a resistor at the RT pin to ground.

Input voltage pin. VIN supplies power to the IC. Connect a 4.7V to 40V supply to
7 7 VIN VIN and bypass VIN to GND with a suitably large capacitor to eliminate noise on

the input pin to the IC.

Bootstrap pin for top switch. A 0.1uF or larger capacitor should be connected
8 8 BST between this pin and SW pin to supply current to the top switch and top switch

driver.
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JWS116F

TYPICAL PERFORMANCE CHARACTERISTICS

Vin =12V, Vout = 5V, Fs=500KHz, L = 10pH, Cout = 44uF, TA = +25°C, unless otherwise noted

Steady State Test Startup through Enable

lout=3A lout=3A (Resistive load)
(Vo — - B RN NS M
5V/div | Ven —
Vo | | . 2V/div |
L \ ", ! ¥ \ v’ s
20mV/div ! ! v
1 o 1
PRl RERERERR=] 2V/ iV prmmmm————
5V/div | | SwW _
[ Sy SR S 10V/div
- | ———rr——
L i eV W Ve g I |
WAdiv 5 2A/div i
2us/div 2ms/div

Heavy Load Operation Medium Load Operation

Shutdown through Enable
lout=3A (Resistive load)

VEN
2V/div

Vo
2V/div

SW
10V/div

I

Wdv

2ms/div

Light Load Operation

3A LOAD 1.5A LOAD 0ALOAD
vin o vin L Vin -
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Vo { ] h Vo o/
20mvydiv 1N 20mv/div | Vo L
o e b - |- el el | - 20mV/divRpsrmt— T
SwW ! Lol P | | I - | e SW I fs I ot | 1 H1TTM -
N | 1 . I 1 ——n——n—‘ i
5V/div | { 5V/div | Séx\iliv ! fE UL
B e e e e e e e e S = L W e ' e
I N T P L P A I :
1A/div E b me [ f
o - Wi T | 1A/div LA
2us/div 2us/div
Short Circuit Protection Short Circuit Protection
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Vin  T—
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JWS116F

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vout =5V, L = 10pH, Cout = 44uF, TA = +25°C, unless otherwise noted

Quiescent Current Vs. Input Voltage
VIN=12V ~ 40V, VEN=3.3V, VFB=1.2V

Shutdown Current Vs. Input Voltage
VIN=12V ~ 40V, VEN=0V, VFB=0.3V

100 5
80 4
: z
E 60 E3
£ H
7 a0 82
g &
20 1
] ]
12 16 20 24 28 32 36 40 12 16 20 24 28 32 36 40
Input Voltage (V) Input Voltage (V)
Efficiency @ 500KHz Load Regulation @ 500KHz
100.00% Loo%
95.00%
0.50%
90.00% g
g 5
E 85.00% g 0.00%
2 §
g =
80.00% g
Vin=12v -0.50% Vin=12v
75.00% Vin=24V Vin=24V
70.00% 1.00%
10 100 1000 10000 o 500 1000 1500 2000 2500 3000
Output Current (mA) Output Current (ma)
Line Regulation @ 500KHz
1.00%
0.50%
E
5
i 0.00%
E
-0.50%
lout=0A
out=34
1.00%
12 16 20 24 28 32 36 40
Input Voltage (V)
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FUNCTIONAL DESCRIPTION

The JW5116F is an  asynchronous,
current-mode, step-down regulator. It regulates
input voltages from 4.7V to 40V down to an
output voltage as low as 0.8V, and is capable of
supplying up to 3A of load current.

Current-Mode Control

The JW5116F utilizes current-mode control to
regulate the output voltage. The output voltage
is measured at the FB pin through a resistive
divider and the error is amplified by the internal
transconductance error amplifier. The output of
internal error amplifier is compared to the switch
current measured internally to control the output
current limit.

PFM Mode

The JW5116F operates in PFM mode at light
load. In PFM mode, switch frequency is
continuously controlled in proportion to the load
current, i.e. switch frequency is decreased when
load current drops to boost power efficiency at
light load by reducing switch-loss, while switch
frequency is increased when load current rises,
minimizing both load current and output voltage
ripples.

Power Switch

An N-Channel MOSFET switch is integrated on
the JW5116F to down convert the input voltage
to the regulated output voltage. Since the top
MOSFET needs a gate voltage great than the
input voltage, a boost capacitor connected
between BST and SW pins is required to drive
the gate of the top switch. The boost capacitor is
charged by the internal 3.3V rail when SW is
low.

VIN Under-Voltage Protection

JW5116F can regulate a wide range input
voltage down to an output voltage. If the input
voltage decreases to under voltage lockout
threshold, the regulator enters into UVLO
protection to shutdown internal logic and
function blocks.

Enable Pin

EN pin is a analog control pin that turns the
regulator on and off. Drive EN pin high to turn
on the regulator and drive it low to turn it off. A
resistor such as 100KQ can be connected
between EN pin and VIN pin for automatic
startup.

COMP Voltage

The current limit is decided by the maximum
comp voltage which is around 2.5V. Comp
voltage is also adjusted with the output current.
The comp voltage decreases as load current
drop. When comp voltage keeps the maximum
value for around 12480 cycle, the over load
protection is triggered. IC enters into the hiccup
mode during the OLP.

Output Current Run-Away Protection

At start-up, due to the high voltage at input and
low voltage at output, current inertia of output
inductance can be easily built up, resulting in a
large start-up output current. COMP value is
limited and rise up slowly for a period of time
when start up. By such control mechanism, the
output current at start-up is well controlled.

Output Short Protection

When the output is shorted to ground, output
current rapidly rises and if it hits the OCP (over

JW5116F Rev.0.21
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JWS116F

current protection) limit, which is 1.3A above the
normal peak current limit, switch frequency is
halved to allow time for the inductor current to
fall to a safe level. If the OCP limit is hit again in
the next cycle, switch frequency is halved again.
In the extreme case, switch frequency can be
decreased to 1/128 of the original frequency set
by the resistor at the RT pin.

Thermal Protection

When JW5116F inner temperature rises above
the Over Temperature Protection threshold, it is
forced into thermal shut-down. Only when IC
inner temperature drops below  Over
Temperature Recovery threshold can the
regulator becomes active again.

JW5116F Rev.0.21
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APPLICATION INFORMATION

Setting the Output Voltage

The output voltage is set using a resistive
divider from the output voltage to FB pin as
Figure 1. The voltage divider divides the output
voltage down to the feedback voltage by the
ratio:

Veg =Vour - R2F3-2R5

Vout
O——

JWS5116F
RS FB |4

.

R2

5 |GND

Figure 1: Output Voltage Setup

Where Vg is the feedback voltage and Voyr is
the output voltage.
The output voltage is:
R2+R5

R2
Vg is 0.8V reference. R2 can be as high as
100KQ, but a typical value is 10 KQ~20 KQ. For
example, R2 is 22 KQ, R5 is determined by:

R5 = 27.5%(Vyyr —0.8)(KQ)

VOUT :VFB )

Operating Frequency

JW5116F working frequency can be adjusted in
different application. Set the resistor connected
to RT pin to setup the working frequency as
Figure 2 and following expression.

1
=2277x10-°.R, + 0315 X 105

£,

JW5116F
6

RT

R4

5| GND

Figure 2: Operating Frequency Setup

EN Function

EN pin is a analog input that turns the regulator
ON or OFF. Drive EN pin high to turn on the
regulator and drive it low to turn off regulator.
Usually, pull up with 100KQ(R1) resistor for
automatic startup (R6=NC).

Low input voltage protection can be setup
through EN pin to adjust the R1 and R6 as
Figure 3. EN pin voltage below 1.2V to turn off
JW5116F when low input voltage.

Vin
O

R1
Jws116F  |EN
2

R6
GND

5

Figure 3: Input Voltage UVLO Setup
For example, Vin=12V, setup the Vin=10V to
trigger the low input voltage protection.
So, R1 and R6 can be configured as R1=1MQ
and R6=136.3KQ.

BST Capacitor

BST cap supplies the drive for the high-side
N-MOSFE switch, connected from the BST pin
to SW pin as Figure 4.

JW5116F

Figure 4: BST Cap
The BST cap is charged by the internal 3.3V ralil
when SW is low. Usually, one ceramic cap
0.1uF or greater capacitor is ok for high side
MOS driver.

Compensation Loop

COMP is used to compensate the regulation
control loop for system stability and transient
response. Connect a series RC network

JW5116F Rev.0.21
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JWS116F

(Pole-zero combination) from COMP to GND to
optimize the control loop as Figure 5.

JW5116F
Comp 2

R3

I

Figure 5: Compensation Loop
In some cases, an additional ceramic capacitor
(C5 such as 47pF) from COMP to GND is
required to eliminate the high frequency noise
influence.
Normally application with 5V/3.3V output,
12V/24V input, the below table parameter is
recommended.
R3 (KQ) C4 (pF) C5 (pF)
50 ~200 330~1500 | NC/22~100

Power Inductor

The inductor is required to supply constant
current to the output load. A larger value
inductor results in less current ripple and also
lower output ripple. However, the larger value
inductor has a larger physical size, bigger series
resistance, high cost or lower saturation current.
A good rule to determining the inductance is to
allow the peak-to-peak ripple current in the
inductor.

Its recommended to allow inductor ripple
current Alpp of 30% maximum peak current. So
we can get the proper inductor value as follow.

L= Vour _(1_VOUTJ
fs 'AIPP VIN
Where Voyr is output voltage, Vi is input
voltage, fs is switching frequency and Alpp is
the peak-to-peak inductor ripple current.
Choose an inductor that will not be saturate
under the maximum inductor peak current. The

peak inductor current can be calculated by
following expression:

V V
ILP — IOUT + ouT (l_ ouUT J
2- fS -L Vin
Where loyt is the load current.

Freewheel Diode

Freewheel diode supply the current route when
high side MOS turns off. The system efficiency
is worse if the forward voltage drop is high. So,
this diode is recommended to use the schottky
diode with lower forward voltage drop to
improve overall efficiency.

For example, the B540 (5A/40V) schottky diode
performs well in application.

Input Capacitor

Use Ilow ESR capacitors for the best
performance. Ceramic capacitors are preferred,
but tantalum or low-ESR electrolytic capacitors
may also suffice. It's recommended to choose
X5R or X7R dielectrics when using ceramic
capacitors.

The RMS current in the input capacitor can be
estimated by following expression:

Lo —1 . Vour . (1 _ VOUT)
c1 = lour Vi Vi

Choose the input capacitor whose RMS current
rating greater than Ic;.

Input voltage ripple for low ESR capacitors can
be estimated as follow:

lour . Vour . (1 B VOUT)
fs#C; VN Vin

It should increase the input capacitor if the input
voltage ripple is big. Besides, one ceramic cap
such as 0.1uF is suggested to be placed as
close to the IC as possible.

AVIN =

Output Capacitor

The output capacitor is required to maintain the
DC output voltage. The output voltage ripple
can be estimated by following.

JW5116F Rev.0.21
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JWS116F

Vi Vi 1
e (1) (Resnt )
fo* L Vin 8+f;*C,

Where C; is the output capacitance value and
Resr is the equivalent series resistance (ESR)
value of the output capacitor.

AVpyr =

Ceramic, tantalum, or low ESR electrolytic
capacitors are recommended. Low ESR
capacitors are preferred to keep the output
voltage ripple low.

JW5116F Rev.0.21
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PCB LAYOUT
PCB layout is very important to achieve stable 4. Route SW away from sensitive analog
operation. It is highly recommended to duplicate areas such as FB.

EVB layout as follow these guidelines. .
5. Connect VIN, SW, and especially GND

1. Keep the path of switching current short and respectively to a large copper area to cool
minimize the loop area formed by input cap, the chip to improve thermal performance
high-side MOSFET and freewheel diode. and long-term reliability. The 20s copper

thickness is suggested for better thermal
performance in real application.
Figure 6 is PCB layout reference.

2. Bypass ceramic capacitors are suggested to
be put close to the Vin Pin.

3. Ensure all feedback connections are short
and direct. Place the feedback resistors and
compensation components as close to the
chip as possible.

Figure 6: PCB Layout Reference

JW5116F Rev.0.21 Joulwatt® Proprietary Information. Patent Protected. 13
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REFERENCE DESIGN

Reference 1;

Vin:  8V~40V
Vout: 5V
lout: 0~3A

100nF
Vin 10pH
8V to 40V ’ VIN  BST  sw YN Vout
118k 5V/3A
100K FB A
EN JW5116F
10uFx2=F RT
GND COMP
= S 2.2 )
- % 2100k3 7324 22k  TF22pF*2
= 47pF
T 1nF

Reference 2;

Vin:  5V~40V
Vout: 3.3V
lout: 0~3A
100nF
Vin 10uH
5V to 40V ’ VIN BST sW YY1 Vout
65k 3.3V/3A
100k "
EN  JW5116F
10uFx2== RT
GND ComP L L
= 1000 STk = 222
A =4TpF
T1nF
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PACKAGE OUTLINE

SOPS8 UNIT: mm

MILLIMETER
[ 1 / Symbol
AZ A ‘ 025

MIN NOM MAX

] I T T

Al v Al 005 | 015 0.25

A2 1.25 1.40 1.65

b 032 | 042 052

E E E Eif c 0.10 0.20 0.30
_ D 450 5.00 550

E 550 6.00 6.50

El 350 3.90 430

El1 E
e 1.27TYP
L 0.40 — 1.27
ﬁ ﬁ . ) 0° — 8=

JW5116F Rev.0.21 Joulwatt® Proprietary Information. Patent Protected. 15

Unauthorized Photocopy and Duplication Prohibited.



JWS116F JoulWatt
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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 © 2015 JW5116F Incorporated.

All rights are reserved by Joulwatt Technology Inc.
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