JOULWATT

JW5121

60V/2A Asynchronous
Step-Down Converter

Parameters Subject to Change Without Notice

DESCRIPTION

The JW®5121 is a current mode monolithic buck
switching regulator. Operating with an input range
of 4.5V~60V, the JW5121 delivers 2A of
continuous output current with an integrated high
side N-Channel MOSFET. At light loads, the
regulator operates in low frequency to maintain
high efficiency and low output ripple. Current
mode control provides tight load transient
response and cycle-by-cycle current limit.

The JW5121 guarantees robustness with
short-circuit  protection, thermal protection,
current run-away protection, and input under
voltage lockout.

The JW5121 is available in 8-pin ESOP and
10-pin  EMSOP package, which provides a
compact solution  with external
components.
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FEATURES

e 4.5V to 60V operating input range

2A output current

High efficiency at light load

Internal Soft-Start

Adjustable switching frequency

Input under voltage lockout

Current run-away protection

Short circuit protection

Thermal protection

Available in ESOP8 and EMSOP10package

APPLICATIONS

Distributed Power Systems
Automotive Systems

High Voltage Power Conversion
Industrial Power Systems
Battery Powered Systems

TYPICAL APPLICATION
5V/2A Step Down Regulators
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ORDER INFORMATION
DEVICE” PACKAGE TOP MARKING”
JW5121
JW5121ESOPHTRPBF ESOPS
YWLLLLL
JW5121
JW5121EMSOPHTRPBF EMSOP10
YWLLLLL
Notes:
JWC—JC—_—J# TRPBF
1) L'FaBerggd Reel(If” TR” is not shown, it means tube)
E—
JWPNCD : YWLLLLL
2) Linel: J — Product code of JIWXXXX  |ine2: Lot number
Joulwatt LOGO Week code
PIN CONFIGURATION
TOP VIEW
sw ] o B 8] BDT sw 1] F— 0] BST
EN z : Exposed i E VIN EN [2 : \: [ 9] VIN
| Pad | comp 3] | FPest! 1 FEIRT
comp [3] E ! 6] RT FB I .‘\ 1 Feno
B [E] ‘~---—- [3]eno 5] ~-°-" “ E=3ss
ESOP8 EMSOP10
ABSOLUTE MAXIMUM RATINGY
VIN, EN, SW PN o ettt e e e e e e e e e e e e e e e e e e e aas -0.3V to 66V
BT PN oo i e e aaaa s SW-0.3V to SW+5V
F o) i =Tl o o 1= S R ROt -0.3Vto 6V
JUNCHON TEMPEIAtUIED 2 L. ittt 150°C
Y= To I =T 0 g 0T = 0 = USRS 260°C
Storage TEMPEIraAtUrE ...t e e e et e e s e ennee e e e e e anes -65°C to +150°C
RECOMMENDED OPERATING CONDITIONS
INPUL VOIAGE VIN ettt e e e e e et e e e e e s e ee e e e e e enaneeaaaeaans 4.5V to 60V
Output VOIAGE VOUL.... ... et e e e et ee e e e e eea e e e enees 0.8V to VIN-3V
Operating Junction TEMPErature ........c..ooiiiiiiiiee e e e -40°C to 125°C
THERMAL PERFORMANCE® O O,
ESOP ..o aaaaaaaaeaeaeaae e e e e e e aaaraa————_ 50...10°C/W
EMSOP 0. oot e e e et e e aaaaaeaeaeaaaaaaaaaaanarran—raa 60... 30°C/W
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Note:

1) Exceeding these ratings may damage the device.

2) The JW5121 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 JW5121 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

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

Condition
Vin Under voltage Lockout o
ViN_MIN V\ rising 3.5 \Y,
Threshold -
Vin Under voltage Lockout
) VIN_MIN_HYST 300 mV
Hysteresis
Shutdown Supply Current Isp Ven=0V 0.1 1 MA
Supply Current la Ven=5V, V=1V 65 920 MA
Feedback Voltage Ves 4.7V<Vyn<60V 784 800 816 mV
Power Switch Resistance” Rbs(onT 160 mQ
) Vin=60V, Ven=0V,
Power Switch Leakage Current ILEak 1 uA
Vsw=60V
Power Switch Current Limit ILim Minimum Duty Cycle 3.6 4.2 5 A
Error Amplifier
GEA 300 AV
Transconductance®
Error Amplifier Voltage Gain® 1000 VIV
Maximum COMP  Sourcing
lcomp_max_out Veomp = 1V 14 uA
Current
Maximum  COMP  Sinking
lcomp_max_IN Veomp = 3V 14 uA
Current
Comp to Current Sense
Gces 1.33 ANV
Transconductance”
Switch Frequency fsw RrT=330k 160 200 240 kHz
Switch Frequency Range fsw 100 2000 kHz
Minimum On Time Ton_MIN 100 ns
Minimum Off Time TorF_MIN Vre=0V 100 ns
Soft-start Time” Tss OV <V¢g<0.8V 0.8 ms
Power good lower threshold PGDIth FB falling 88%
Power good upper threshold PGDuth FB rising 112%
Power good delay PGDdly PG from low to high 1 ms
EN shut down threshold .
VEN_TH Ven rising, FB=0.6V 1.18 1.3 1.42 \Y
voltage -
EN shut down hysteresis VEN_HYST 180 mV
Thermal Shutdown® Trsp 150 °C
Thermal Shutdown hysteresis” Trsp_HysT 15 °C
Note:
5) Guaranteed by design.
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PIN DESCRIPTION

Pin Description
ESOP8 EMSOP10

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

! ! swW LC 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.

3 3 COMP Compensation. Output of the GM error amplifier. Control loop frequency
compensation is applied to this pin.

4 4 B Output feedback pin. FB senses the output voltage and is regulated by the
control loop to 800mV. Connect a resistive divider at FB.

5 7 GND Ground.

5 8 RT Switching Frequency Program Input. Connect a resistor from this pin to ground
to set the switching frequency.
Input voltage pin. VIN supplies power to the IC. Connect a 4.7V to 60V supply

7 9 VIN to VIN and bypass VIN to GND with a suitably large capacitor to eliminate noise
on the input to the IC.

8 10 BST Bootstrap pin for top switch.
Open drain output for power-good flag. Usea10kQ to 100kQ pull-up resistor to

° i logic rail or other DC voltage no higher than 5V.
Soft-start control pin. Leave floating for internal soft-start slew rate. Connectto a
® S8 capacitor to extend soft start time.
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FUNCTIONAL DESCRIPTION

The JW5121 is a asynchronous, current-mode,
step-down regulator. It regulates input voltages
from 4.5V to 60V down to an output voltage as
low as 0.8V, and is capable of supplying up to
2A of load current.

Current-Mode Control

The JW5121 utilizes current-mode control to
regulate the output voltage. The output voltage
is measured at the FB pin through a resistive
voltage divider and the error is amplified by the
internal trans conductance error amplifier. The
voltage feedback loop is compensated by an
external RC network connected between the
COMP pin and GND pin.

Output of the error amplifier Vcomp is compared
with the switch current measured internally to
control the output current.

PFM Mode

The JW5121 operates in PFM mode at light load.

In PFM mode, switch frequency decreases
when load current drops to boost power
efficiency at light load by reducing switch-loss,
while switch frequency .increases when load
current rises, minimizing output voltage ripples.

Shut-Down Mode

The JW5121 shuts down when voltage at EN
pin is below 0.3V. The entire regulator is off and
the supply current consumed by the JW5121
drops below 0.1uA.

Power Switch

N-Channel MOSFET switches are integrated on
the JW5121 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

A resistive divider can be connected between
Vin and ground, with the central tap connected
to EN, so that when Vin drops to the pre-set
value, EN drops below 1.2V to trigger input
under voltage lockout protection.

Internal Soft-start

Soft-start is designed in JW5121 to prevent the
converter output voltage from overshooting
during startup and short-circuit recovery. When
the chip starts, the internal circuit generates a
soft-start voltage (SS) ramping up from 0V to
1.2V. When it is less than the VREF, SS
overrides VREF and the error amplifier uses SS
as the reference. When SS exceeds VREF,
VREF regains control.

Switching Frequency

The switching frequency of JW5121 can be

programmed by the resistor RT from the RT pin

and GND pin. The frequency can be calculated

by the following equation,
Fsw(kHz)=10%/(13.8XRgr+100)

where the unit of Rgr is kQ.

For example, for fsw=200kHz, Rgt =330 kQ.

Output Current Run-Away Protection

At start-up, due to the high voltage at input and
low voltage at output, current inertia of the
output inductance can be easily built up,
resulting in a large start-up output current. A
valley current limit is designed in the JW5121 so
that only when output current drops below the

JW5121 Rev.0.14
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valley current limit can the top power switch be
turned on. By such control mechanism, the
output current at start-up is well controlled.

Output Short Protection

When output is shorted to ground, output
current rapidly reaches its peak current limit and
the top power switch is turned off. Right after the
top power switch is turned off, the bottom power
switch is turned on and stay on until the output
current falls below the valley current limit. When
output current is below the valley current limit,
the top power switch will be turned on again and
if the output short is still present, the top power
switch is turned off when the peak current limit
is reached and the bottom power switch is
turned on. This cycle goes on until the output
short is removed and the regulator comes into
normal operation again.

Power Good

The JW5121 has power-good (PG) output. The
PG pin is the open drain of a MOSFET. Connect
to a voltage source (such as Vout) through a
resistor. When the output voltage becomes

within +-12% of the target value, internal
comparators detect power good state and the
power good signal becomes high. If the
feedback voltage goes under or higher 12%of
the target value, the power good signal
becomes low.

RT Short Protection

If the RT pin is detected to be short to ground,
JW5121 is not allowed to switch to prevent
abnormal operation state. The regulator can be
reactivated again when the short condition at
the RT pin is removed

Thermal Protection

When the temperature of the JW5121 rises
above 150°C, it is forced into thermal
shut-down.

Only when core temperature drops below 135°C
can the regulator becomes active again.

JW5121 Rev.0.14
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PACKAGE OUTLINE
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BOTTOM VIEW
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MIN | NOM | MAX
A 1.10
Al 005 | _ | ais
A2 075 | 085 | 095
A3 0.30 | 035 | 0.40
t b 018 | _ | 026
bl 017 | 020 | 023
c 15 | — [ 019
¢l 014 | 015 | 0.16
il‘ D 290 | 300 | 3.10
i E 470 | 490 | 510
El 290 | 3.00 | 3.10
e 0.50BSC
I 0.40 | | 0.70
! Li 0.95REF
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LF 51 02 E2
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T1%71 l. 8OREF | 1.55REF
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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 JW5121 Incorporated.

All rights are reserved by Joulwatt Technology Inc.
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