JOULWATT

JWM9102

6V/2A
Sync. Step-Down Converter

Preliminary Specifications Subject to Change without Notice

DESCRIPTION

The JW®M9102 is a step-down converter module
with built-in power MOSFETs and inductor. The
JWM9102 is based on COT architecture for fast
transient response. Operating with an input range
of 2.9V~6V, JWM9102 delivers 2A of continuous
output current with integrated P-Channel and
N-Channel MOSFETs. The internal synchronous
power switches provide high efficiency without
the use of an external Schottky diode. At light
loads, the regulator operates in continual
conduction mode to maintain low output ripple.

JWM9102 guarantees robustness with output
short protection, thermal protection, current
run-away protection, and input under voltage
lockout.

JWM9102 is available in QFN2.5x3.5x1.6-17
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

® 2.9V to 6V operating input range

e Up to 2A output current

Ultra low EMI: pass CISPR22 Class B and
CISPR25 Class 5

0.6V to V\n adjustable output voltage
2MHz switching frequency

100% duty cycle for lowest dropout
Power good indicator

Output discharge

Input under voltage lockout

Output short circuit protection

Thermal protection

Available in QFN2.5x3.5x1.6-17 package

APPLICATIONS

Battery-powered Application
POL Supply from Li-lon Battery
Processor Supplies

Hard Disk Drives

Optical Modules

Medical Instruments

Portable Devices

TYPICAL APPLICATION

2A Step-down Regulator
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JWM9102

ORDER INFORMATION

DEVICEY PACKAGE TOP MARKING?2 ENVIRONMENTAL?
JWNKOI
JWM9102QFNAR#TR QFN2.5x3.5x1.6-17 Green
ywO o
Notes:
IWCOCJ#TR
1) Tape and Reel (If TR is not shown, it means Tube)
Package Code
I Part No. ywOoom
I S
2) Linel: J Product code Line2: Lot number
IV— Joulwatt LOGO yreek cote
3) All Joulwatt products are packaged with Pb-free and Halogen-free materials and compliant to RoHS standards.
TOP VIEW
PGND Sw
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FB 13| VIN
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EN 11] NC
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JWM9102 JoulWatt

ABSOLUTE MAXIMUM RATINGY

VIN, EN, FB, VOS, PG PiNS...cciiiiiiiii ittt e et san e e e e e e e e aaaaaea e s -0.3vVto 7v
SW PIN i -0.3V(-2.5V for 8ns, -2V for 15ns) to 7V(9V for 10ns, 9.5V for 5ns)
JUNCHON TEMPEIALUIE?) ... .iiiieiteeteete ettt ettt et et e st e st e ebeeea e sa e s ae e s e esbeasseenteanneenneenseanneesreennas 150°C
L= o B LT 4 a0 1CT = L (0 = PP RPN 260°C
SLOrAgE TEMPEIAIUIE. ...ttt ettt e e e e et e e e e e bbb r s e e e et eeaaaaaaaaaaaaaaaaanaaas -65°C to +150°C
ESD RATINGS

Human body model (HBM), per ANSI/ESDA/JEDEC JS-001.........ccccuvuiiiiieiiieieeieeeeee e +2000V
Charged device model (CDM), per JEDEC specification JESD22-V C101.......ccccovvvvvvvveeeiieeeennnnn. +500V

RECOMMENDED OPERATING CONDITIONS®

T 01U LAY o] 1 r= T = T SRR 2.9V to 6V
L@ U 11 01U LAY o] =T =Y T 0.6V to Vin
Operating JUNCHION TEMPEIATUIE.........uueeeiiiiiiieieeieeeeeeeeeeee e e e e e s s s eas e es s ssaaseenrerrerrrrererreeaaeaeeees -40°C to 125°C
THERMAL PERFORMANCE® Ou O
QFNZ.5X3.5XL.6-17 ...eeeeeie ettt ettt et e e s ekttt e e e s e bbb e e e e e e e e bbb e e e e e e nrereas 50.......... 12°C/W
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 JWM9102 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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JWM9102

ELECTRICAL CHARACTERISTICS

VIN=3.6V, Tj=-40 C-125 T, Unless otherwise stated.

Conditions
Vin Under Voltage Lock-out Threshold VIN_MIN VN rising 2.7 2.8 29 \%
Vin Under voltage Lockout Hysteresis VIN_MIN_HYST 300 mV
Shutdown Supply Current Isp Ven=0V 0.1 2 HA
Supply Current lo Ven=2V, Ves=1.2V 850 MA
Feedback Voltage Ves 2.9V<Vin<6V 591 600 609 mV
Dropout Resistance® Ror 100% on duty 56 mQ
Inductor L Value® L 0.47 uH
. Vin=6V, Ven=0V,
Top Switch Leakage Current ILEAk_TOP ) 1 MA
Vsw=0V, Tj=25C
. Vin=6V, Ven=0V,
Bottom Switch Leakage Current ILEAk_BOT ) 1 MA
Vsw=6V, Tj=25C
Top Switch Current Limit lLm_top 3.4 4.2 A
Bottom Switch Current Limit lLm_soT 2 2.7 A
EN High-level Input Threshold Voltage VEN_H 1.2 \%
EN Low-level Input Threshold Voltage VEN_L 0.4 \%
Pull-down Resistance at EN Pin Rep EN=Low 400 kQ
Rising 89% 93% 97% | Vour
Power Good Threshold Voltage VpG_TH
Falling 81% 85% 89% | Vour
Power Good Output Low VeG_oL lpc=-1mA 0.4 \%
] Time from EN high to
Soft-Start Time tss . 1 ms
95% Vout nominal
Output Discharge Resistor Rois 200 Q
Thermal Shutdown® Trsp 160 °C
Thermal Shutdown Hysteresis® TTsp_HysT 30 °C
PWM Switching Frequency Fsw lout= 1A 2 MHz

Note:

5) Guaranteed by design.

JWM9102 Rev.0.23
2022/05/23
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JWM9102 JoulWatt

PIN DESCRIPTION

Description
1 AGND | Analog ground for the internal control circuit.
) B Output feedback pin. FB senses the output voltage and is regulated by the control loop to
0.6V. Connect a resistive divider at FB.
3 VOS Output voltage sense pin and connection for the control loop circuitry.
4 EN Drive EN pin high to turn on the regulator and low to turn off the regulator. This pin has a
pull-down resistor of typically 400kQ.
5.7 15 sw SW is the switching node that supplies power to the output. Connect the output LC filter from
SW to the output load.
8-10 ouT Power output.
11 NC No connection.
12 PG Output power good indicator (High=Vout ready, Low=Vour below nominal regulation); open
drain (requires pull-up resistor).
13, 14 VIN Supply voltage for power stage. Connect a 2.9V to 6V supply to Vin and bypass Vin to GND
with a suitably large capacitor to eliminate noise on the input to the IC.
16 PGND | Power ground.
17 SW Do not connect. Leave this pin floating.

BLOCK DIAGRAM
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JWM9102 JoulWatt

TYPICAL PERFORMANCE CHARACTERISTICS

Vin =5V, Vout = 1.8V, Cout = 22uF, TA = +25°C, unless otherwise noted

Steady State Test Startup through Enable Shutdown through Enable
V|N=5V, VoUT=1.8V V|N=5V, VOUT=1.8V V|N=5V, VOUT=1.8V
lour=2A lout=2A (Eload) lout=2A (Eload)

v ]
i/dn ® 2/div B
Vuu'r(A({) B Vwr By
20nV/div s o Wiiv

S IR AIN RN E RIS (N RER YRR W RN A s
Wiy FREERERF a v i
Tar ® Low
Wdiv . . : Wiiv L
Tus/div 800us/div 100us/div
Heavy Load Operation Medium Load Operation Light Load Operation
2A LOAD 0.2A LOAD OA LOAD

Y W N T
5V/div B 5V/div & 5V/div B
VUIJT(AC) iy % o e iia rmnin s V(m(AC) D by e fm den ", i i i o, P e V(m-(AC) gl
20nV/div 20nV/div 20nV/div

- AR - . - L S S, T O S S S S O S S

St [, o b e o e et o i-n-ul-“: S Eu-lilm el bl e -H-ulﬂl: S P et e s e e e e o e e e e e e b e i
/v NN a wa - /iy " mEmE - -

T ® Ior B Ton
Wdiv Wdiv | - 1/div

Lus/div lus/div lus/div
Short Circuit Protection Short Circuit Recovery Load Transient
V|N:5V, VOUT:1.8V V|N:5V, VOUT:1.8V Cff:NC
lour=2A - Short lour=Short-2A 0.2A LOAD — 2A LOAD — 0.2A LOAD
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ﬁ iR " : : : o ____
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JWM9102 JoulWatt

TYPICAL PERFORMANCE CHARACTERISTICS

90.00%
| 100.00%
80.00% o ——
’ Y 90.00% e
70.00% ~ ]
/," 80.00%
// ~”
60.00% 7~ 70.00% A~ r
/ A
E 50.00% . 60.00% //
§ z 7
2 g /
& 40.00% / 2 50.00% 7
/ E A
30.00% - 40.00% L
yd —Vin=av e
2000% " 30.00% 1 —vin-3v
Vin=5V
10.00% 2000% Vin= 5V
Vin= 6V
000% 10.00% Vin= 6v
001 01 1 0.00%
Load current (A) 0.01 01 1
Load current (A)
Figure 1. Efficiency vs Load Current Figure 2. Efficiency vs Load Current
(Vour=0.8V) (Vour=1.8V)
1,000 4
900 35
800 /—
3
. 700 =
§ % 25
'E' 600 §
£ 500 S 2
> £
e 15
“ 300 g
1 a
200 /
100 05 | _‘/_/
0 0
-40 -20 0 20 40 60 80 100 120 140 -40 -20 0 20 40 60 80 100 120 140 160
Junction Temperature (°C) Junction Temperature (°C)
Figure 3. Supply Current vs Junction Temperature Figure 4. Shutdown Current vs Junction Temperature
150% 25
1.00% 2 —
5 0s0% g \
E] £ 15
F) 13 \
U =
?ﬂ 0.00% ,/-_—\ a3
2 5
s g
@ 050% 5]
0.5
-1.00% Vout=1.2V
Vout=3.3V
-1.50% 0
40 20 0 20 40 60 80 100 120 140 160 20 40 60 80 100 120
Junction Temperature (°C) Ambient Temperature (°C)
Figure 5. FB Voltage Regulaion vs Junction Temperature Figure 6. Output current vs. Ambient Temperature,
Tj<125C
JWM9102 Rev.0.23 JoulWatt® Proprietary Information. Patent Protected. 7

2022/05/23 Unauthorized Photocopy and Duplication Prohibited.



JWM9102 JoulWatt

TYPICAL PERFORMANCE CHARACTERISTICS

EMI tested on EVM9102

%0 60
80 |- L
g 20 | = 50 | CISPR22 Class B limits
E 0 | CISPR22 Class B limits % w0l I
2 oe0 | wm g
2 ]
S a0t E 30 - Vertical
3 o
S 30 I ' 2 0l
= 2 | M“_WJIIII“ 2 Horizontal
10 10
0 ‘ ‘ 0 ‘ ‘ ‘ ‘
01 1 10 100 0 200 400 600 800 1000
Frequency[MHz] Frequency[MHz]
EMI test in CISPR22, Conducted Emission with filter EMI test in CISPR22, Radiated Emission
80 50
70 CISPR25 Class 5 limits
E 60 § 40 ¢ - T -
< 80 — CISPR?5 Class 5 limits 8
g 40 T 2 %
- — [ T
;60 30 CISPR25 Class 5 limits ; 20 CISPR25 Class 5 |In.'IIIS
20 3
4
10 10 +
0 r 9
-10 : : 0
01 1 10 100 1000 0.1 1 10
Frequency[MHz] Frequency[MHz]
EMI test in CISPR25, Conducted Emission with filter EMI test in CISPR25, Radiated Emission
(150k~30M)
50 50
CISPR25 Class 5 limits 40| CISPR25 Class 5 limits
O S = ] M
£ g
2 2
2 2
-20 ‘ -20 :
30 300 30 300
Frequency[MHz] Frequency[MHz]
EMI test in CISPR25, Radiated Emission EMI test in CISPR25, Radiated Emission
(30M~1G, Horizontal) (30M~1G, Vertical)
JWM9102 Rev.0.23 JoulWatt® Proprietary Information. Patent Protected. 8

2022/05/23 Unauthorized Photocopy and Duplication Prohibited.



JWM9102

FUNCTIONAL DESCRIPTION

The JWM9102 is a constant on-time control,
synchronous, step-down regulator. It regulates
input voltages from 2.9V~6V down to an output
voltage as low as 0.6V, and is capable of
supplying up to 2A of load current.

Constant On-time Control

The JWM9102 utilizes constant on-time 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 transconductance error
amplifier.

Output of the internal error amplifier is
compared with an internal ramp which reflects
output voltage ripple to control the on time of the
low-side MOSFET.

FCCM Operation

Continuous conduction mode (CCM) occurs
when the output current is high, and the inductor
current is always above zero amps. The
JWM9102 is configured to operate in forced
CCM (FCCM) operation when the output current
is low. In FCCM operation, the switching
frequency is fairly constant; hence the output
ripple keeps almost the same throughout the
whole load range.

Soft-Start and Pre-bias Soft Start

Soft-start is designed in the JWM9102 to
prevent the converter output voltage from
overshooting during startup and short-circuit
recovery. An internal current source is designed
to charge the internal soft-start capacitor and
generates a soft-start (SS) voltage. When it is
less than internal reference voltage (Vrer, typ.
0.6V), SS voltage overrides Vger and the error
amplifier uses SS voltage as the reference.
When SS exceeds Vger, Vrer regains control.

The typical soft start time (from EN high to 95%
Vour nominal) Tss is about 1ms.

If the output capacitor is pre-biased at startup,
the device initiates switching and starts ramping
up only after the internal reference voltage
exceeds the sensed output voltage at FB. This
scheme ensures that the converters ramp up
smoothly into regulation point.

Shut-Down Mode

The JWM9102 operates in shut-down mode
when voltage at EN pin is driven below 0.4V. In
shut-down mode, the entire regulator is off and
the supply current consumed by the JWM9102
drops below 1uA.

Output Voltage Discharge

The JWM9102 enables the output voltage
discharge mode. This causes both the high side
MOSFET and the low side MOSFET to latch off.
A discharge FET connected between SW and
GND is turned on to discharges the output
VOUT when the Vin pin voltage below the
UVLO or the EN pin voltage is below the turn-on
threshold. The typical switch on resistance of
this FET is about 200Q.

Power Switches

P-channel and N-channel MOSFET switches
are integrated on the JWM9102 to down convert
the input voltage to the regulated output voltage.

100% Duty Cycle Low Dropout
Operation

The devices offer low input-to-output voltage
difference by entering 100% duty cycle mode. In
this mode, the high-side MOSFET switch is
constantly turned on and the low-side MOSFET
is switched off. This is particularly useful in
battery powered applications to achieve the

JWM9102 Rev.0.23
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JWM9102

longest operation time by taking full advantage
of the whole battery voltage range. The
minimum input voltage to maintain output
regulation, depending on the load current and
output voltage can be calculated as:

\/IN_MIN =Vour + IOUT_MAX xRpg

Where

Vin_min IS the minimum input voltage to maintain
an output voltage;

lout_max is the maximum output current;

Ror is the high-side MOSFET on-resistance and
the inductor conductive resistance in series.

Current Limit and SCP

JWM9102 have protection against heavy load
and short circuit events which switch current
limits are designed in JWM9102. Excessive
current might occur with a shorted or saturated
inductor or a heavy load or shorted output circuit
condition. If the inductor current reaches the
threshold Ium_top, the high-side MOSFET is
turned off and the low-side MOSFET is turned
on to ramp down the inductor current. Only
when output current drops below the valley
current limit Ium_got can the top power switch be
turned on again. When this switch current limit is

triggered 32 times, the devices stop switching
and enable the output discharge. The devices
then automatically start anew start-up after a
typical delay time of 66us has passed. The
devices repeat this mode until the high load
condition is removed.

Power Good

JWM9102 has a built-in power good (PG)
function to indicate whether the output voltage
has reached its appropriate level or not. The PG
signal can be used for startup sequencing for
multiple rails. The PG pin is an open drain
output. It can sink 1mA of current and maintain
its specified logic low level. JWM9102 features
PG=Low when the device is turned-off due to
EN or thermal shutdown. When the device is in
UVLO, the PG pin is in high resistance state.

Thermal Protection

When the core temperature of the JWM9102
rises above 160°C, it is forced into thermal
shut-down. Only when core temperature drops
below 130°C, the regulator becomes active
again.

JWM9102 Rev.0.23
2022/05/23
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JWM9102

APPLICATION INFORMATION

Output Voltage Set

The output voltage is determined by the resistor
divider connected at the FB pin, and the voltage
ratio is:

I:QL
R, +Ry,

VFB = VOUT :

where Vgg is the feedback voltage and Vour is
the output voltage.

Choose R. around 10kQ, and then Ry can be
calculated by:

V.
RHZRL-[%AJ

The following table lists the recommended
values.

Vout (V) | RL(kQ) Ru(kQ)
1 30 20
1.2 20 20
1.8 10 20
3.3 1 49.9

Input Capacitor

The input capacitor is used to supply the AC
input current to the step-down converter and
maintaining the DC input voltage. Estimate the
RMS current in the input capacitor with:

ICIN = ILOAD '\/VOUT '(1' VOUTJ
Vin Vin

where lioap is the load current, Vour is the
output voltage, Vv is the input voltage.

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

C. = ILOAD . VOUT (1_ VOUT]
IN =
fs ‘Ale VIN VIN

where Cy is the input capacitance value, fs 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 10uF/0805/10V 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:

AV, = Vour .(1_ Vour ]'[RESR n 1 j
fo-L Vi 8-fs-Cyyr

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 44uF
ceramic capacitors are recommended in typical
application.

JWM9102 Rev.0.23
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JWM9102

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 JWM9102 (VIN pin and PGND) as
possible to eliminate noise at the input pin.
The loop area formed by input capacitor and
GND must be minimized.

2. Put the feedback trace as short as possible,
and far away from the inductor and noisy
power traces like SW node.

3. The ground plane on the PCB should be as
large as possible for better heat dissipation.

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

Make VIN, 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.

The traces should not be routed under PIN
17 to eliminate the noise.

Uout GND1 GND2 Uin

O 6 6 o

JWM9102 Rev.0.23 JoulWatt® Proprietary Information. Patent Protected. 12
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JWM9102

External Components Suggestion:

Vour(V) | RU(kQ) | Ru(kQ) | Cr (pF) Cout (WF)
1 30 20 NC 44~66
1.2 20 20 NC 22~44
1.8 10 20 NC 22~44
3.3 11 49.9 NC 22~44
VOUT
Ry Ci
FB

JWM9102

Ry

JWM9102 Rev.0.23
2022/05/23
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REFERENCE DESIGN

Reference 1:

Vin: 2.9V~6V
VOUT 1.8V
lout: O0~3A

Vin VIN ouT Vour
2.9vV~6V VoS 1.8V
21004 o
p 20k

Jwmo102 PG Wy
cn ] EN Cii (Opt)
22uF T i
FB
AGND  PGND R 2 2RoF||< L Cour
| 10k S T 22uF

Reference 2 (EMI Test Circuits):

Vin: 2.9V~6V
Vour: 1.8V
loutr: O0~3A

Vin
Q Q 4.7uH
1002 @100M u 2 OV~BY
Y Y Y LY YY) VIN ouT Vour
Vewm VOS 1.8v
< R2 R1
c c 3100k 20k
IN1 IN2 PG AAA
JWM9102 Vv
__lOuF “10uF cn | EN Cx (Opt.)
T T 22uF T i
FB A'AVA'
R b RH c
< ouT
AGND  PGND 10k S 20k == 22UF
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PACKAGE OUTLINE

QFN2.5x3.5x1.6-17 UNIT: mm

PIN 1# DOT ‘ D ‘ <X1>
BY MARKING\ ’é—(xa -
[a]
@ <ig> :j A SsYMBoL MILLIMETER

j” MIN NOM MAX
A 155 1.60 1.65
171 FCMOSLP :)ﬁXD wn ] B AL - — 1 oo

{ A3 0.203 REF

(2.5%3.5mm) E jE X
el 0.250 bl 0.15 0.20 0.25
(x12) T
) ] [ b2 0.20 0.25 0.30
(b% b3 1.05 1.10 1.15
0.200 —= }— X

E } D 2.45 2.50 255
B E 3.45 3.50 3.55

(x e>#—’ el 0.45 BSC

e2 0.50 BSC
e BUTTOM VIEW L1 0.35 0.40 0.45
L2 0.45 0.50 055
L3 0.75 0.80 0.85
L4 0.75 0.80 0.85

A A3
Jjgi o
Al T
SIDE VIEW

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPAE

Sprocket Holes

Procket Quadrants

Package Type Pinl1 Quadrant

QFN2.5x3.5x1.6-17 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 © 2022 JWM9102 Incorporated.

All rights are reserved by Joulwatt Technology Inc.
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