JOULWATT

JW7221/JW7221L

Positive High-Voltage Hot Swap and

Inrush Current Controller With Power Limiting

DESCRIPTION

The JW®7221 and JW®7221L are positive hot
swap controllers that allows a board to be safely
inserted and removed from a live backplane or
other hot power sources. JW7221/W7221L offers
inrush current control to protect MOSFET against
system voltage droop and transients. The
function of power limit protection allows better
utilization of the external MOSFET's SOA. An
external capacitor connected from TMR to GND
establishes the timeout period to declare a fault
condition and Gate is turned off when timeout
condition occurs. The POWER GOOD keeping
high declares MOSFET is turned on. The under
voltage and over voltage protection threshold can
be programmed via external resistor dividers. The
JW7221L provide latch off mode after a fault
condition occurs while JW7221 provide
automatically restart mode.

JW7221 and JW7221L are available in a 10-pin
MSOP package.

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

FEATURES

e Wide operating range: 9 Vto 80 V

e Inrush current limit protection

e Programmable power limit

® Adjustable current limit: 55mV+11%

e Circuit breaker function for severe

overcurrent events

e Internal high side charge pump and gate
driver for external N-channel MOSFET

® Adjustable under-voltage lockout (UVLO)
and hysteresis

® Adjustable over-voltage lockout (OVLO) and
hysteresis

e Initial insertion timer allows ringing and
transients to subside after system connection

e Programmable fault timer
Active high open drain power good output
Available in latched fault and automatic
restart versions

e 10-Pin MSOP package

APPLICATIONS

® Server Backplane Systems
Trademarks of JoulWatt technology Inc. . i i .
e Base Station Power Distribution Systems
e Solid State Circuit Breaker
® 24-V and 48-V Industrial Systems
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JW1221/JW1221L JoulWatt

ORDER INFORMATION

DEVICE" PACKAGE TOP MARKING?
JW7221
JW7221MSOPHTRPBF MSOP10
ywOooooo
JW7221L
JW7221LMSOP#TRPBF MSOP10
ywooooo

Notes:

JWC_ 1 1# TRPBF
" PBFree
Tape and Reel(If” TR” is not shown, it means tube)
Package Code
Part No.

1)

YwOoooo
Jw 0oooo
L lotnumber

2) Linel: E Product code Line2:
Joulwatt LOGO ——Weekcode

Year code

DEVICE INFORMATION

DEVICE" FEATURE STATUS

JW7221MSOP#HTRPBF Auto-recovery protection mode Available

JW7221LMSOP#TRPBF Latch-off protection mode Contact the factory

PINCONFIGURATION

TOP VIEW
(o)
SNS [i] GATE
VIN [2] 5] OUT
uvLo [E] 8] PG
OVLO [«] 7] PWR
GND [5] 6] TIMER
MSOP10
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JW1221/JW1221L JoulWatt

ABSOLUTE MAXIMUM RATINGY

VIN, SNS, OUT, PG, GATE, UVLO PiNS ..ottt e e -0.3V to 100V
L0 1Y@ I = o PR -0.3Vto 7V
VIN PN 0 SINS PNttt ettt e e e e s bbbt e e e e s sabbee e e e e eannrreeeaaanns -0.3Vto 0.3V
F @1 1= g = T TP UT SRR -0.3Vto 7V
JUNCHON TEMPEIALUIE?...... ..ottt ettt ettt 150°C
Lead TeMIPEIATUIE. .. .. ottt ettt ettt e e e e e e e e e e et e e eaaaaeaaaseesaaaaaannnbnnnbbbenereeeeeas 260°C
StOrage TEMPEIAUIE. ... ittt et ae e e e s s b aeeeeeans -65°C to +150°C
ESD Susceptibility (Human Body MOGEI) .......cooiiiiiiiieeees et eneeeeee e +2kV
ESD Susceptibility (Charged Device MOEL) .........coooeiiiiiiiiee e 750V
RECOMMENDED OPERATING CONDITIONS?

T o1 Ao [ 7= Lo L= | P ERPP S 9V to 80V
R @ Y o] 1 7= To [ RSP RESPR OV to 80V
Operating JUNCiON TEMPETATUIE  ...oooiieiiiieie ettt tee et e e e s et e e e e e e snnrbreeaaesanes -40°C to 125°C
THERMAL PERFORMANCE? 6, 6,

1Y ST @ = O T S PPEPPRPPI 156....51°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 RECOMMENDE OPERATING CONDTIONS.

2) The JW7221 and JW7221L include 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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JW7221/IWT221L

ELECTRICAL CHARACTERISTICS

Vin =48V, T; = -40°C~125°C, unless otherwise stated.

Condition

INPUT (VIN PIN)

operation

Input current while enable Iin_EN UVLO>2.5V and OVLO<2.5V 0.51 1 mA
Input current while disable Iin_DIS UVLO<2.5V or OVLO>2.5V 480 750 A
Power-on reset threshold at ) )
) ] o PORt VIN increasing 7.6 8 \%
VIN to trigger insertion timer
Power-on reset threshold at ] ]
) POREen VIN increasing 8.4 9 \%
VIN to enable all functions
PORen hysteresis PORen_Hys | VIN decreasing 100 mV
OUTPUT (OUTPIN)
Output bias current , enable lout ENn OUT = VIN, Normal operation 1.35 MA
Output bias current , disable lout pis Disabled, OUT =0V, SNS=VIN 20 MA
UVLO, OVLO PINS
UVLO threshold UVLOrH 2.45 25 2.55 \Y,
UVLO hysteresis current UVLOnys | UVLO =1V 12 21 30 MA
UVLO high delay to GATE high 55
UVLO delay UVLOp.y us
UVLO low delay to GATE low 11
UVLO bias current UVLOgias | UVLO =48V 1 WA
OVLO threshold OVLOrH 24 25 2.6 \Y
OVLO hysteresis current OVLOnys | OVLO=2.6V 12 21 30 A
OVLO low delay to GATE high 55
OVLO delay OVLOpLy us
OVLO high delay to GATE low 11
OVLO bias current OVLOgas | OVLO =2.4V 1 MA
POWER LIMIT
Power limit sense voltage PWRLmM 1 | SNS-OUT = 48V, Rpwr=150kQ 19 25 31 mV
(V|N-SNS) PWRL|M72 SNS-OUT = 24V, Rpwr =75kQ 19 25 31 mV
PWR pin current Ipwr Vpwr =2.5V 20 A
GATE CONTROL
Normal operation, GATE-OUT
Gate source current iy 14 19 24 WA
lcate
UVLO <25V 1.75 2 2.6 mA
Gate sink current VIN to SNS = 150mV or VIN <
140 200 260 mA
PORt, VearE= 5V
Gate output voltage in normal
Vgate GATE-OUT voltage 11 12 13 Y,

CURRENT LIMIT

JW7221/JW7221L Rev.0.8
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Current limit threshold
Ver VIN-SNS voltage 48.5 55 61.5 mV
voltage
CIRCUIT BREAKER
Circuit breaker threshold
Ver VIN-SNS voltage 80 105 130 mV
voltage
o ) VIN-SNS stepped from 0 mV to

Circuit breaker response time tce 0.44 1.2 us

80 mV
TIMER (TIMER PIN)
TIMER upper threshold VTMRH 3.7 3.93 4.16

Restart cycles (JW7221) 1.15 1.23 131

End of 8th cycle (JW7221) 0.3
TIMER lower threshold VTMRL

Re-enable Threshold

0.3 \Y,

(Jw7221L)
Insertion time current 3 5.5 8 HA
Sink current , end of insertion )
] TIMER pin=2V 1 15 2 mA
t|me ITMR
Fault detection current 51 85 120 MA
Fault sink current 1.25 25 3.75 HA
Fault restart duty cycle® DCrautt 0.5%
POWER GOOD (PGPIN)

Decreasing 0.67 1.25 1.85
Power good threshold

PGth Increasing, relative to \%

measured at SNS-OUT 0.95 1.25 1.55

decreasing threshold
PG output low voltage PGvoL Isink = 2 mA 60 150 mV
PG off leakage current PGion Vpe =80V 1 A

Note:

5) Guaranteed by design.
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JW1221/JW1221L JoulWatt

PIN DESCRIPTION

Pin .
Description

MSOP10

Current sense input. Used to measure current and regulate it. Kelvin sense is necessary to

! SNS ensure accurate current limits

2 VIN Input sense and power supply

3 UVLO Under-voltage lockout. Under voltage protection threshold and hysteresis can be
programmed via external resistor divider.

4 OVLO Over-voltage lockout. Over voltage protection threshold and hysteresis can be programmed
via external resistor divider.

5 GND Ground.

6 TIMER Timing set pin. The fault timeout period is programmed by an external capacitor connected
from this pin to GND.

; PWR Power limit set. The maximum power dissipation for the external MOSFET can be set by an
external resistor connected from this pin to GND.

8 PG Active high. An open drain power good indicator.

9 ouUT Output feedback. Used to measure the voltage across the MOSFET for power limit
protection.

10 GATE | Gate driver output for external MOSFET

JW7221/JW7221L Rev.0.8 JoulWatt® Proprietary Information. Patent Protected. 6
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JW1221/JW1221L JoulWatt

BLOCK DIAGRAM

Charge
Current Pump
55mV Limit
— Threshold Q 19pA
viIN [} + r
j; { JeaTE
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SNS f CONTROL | >@ 2mA
200mA
N~ T | >~~1 |- ouT
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ouT - Power | [ »®
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-------------------------- »/
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JW1221/JW1221L JoulWatt

TYPICAL PERFORMANCE CHARACTERISTICS

Vin =48V, T = +25°C, unless otherwise noted

Vy Input Current Vs. Input Voltage SENSE Pin Input Current Vs. Input Voltage
1000 1
900 0.8
800 0.6
700 0.4
__ 600 = 02
< =
2 500 g O
= 400 +£-0.2
300 Enabled 0.4 Enabled
200 Disabled 0o Disabled
sable
100 isable 0.8 i
0 -1
0 20 4 60 80 0 20 4 60 80
V‘NPV) Vin(V)
Out Pin Current VS. Input Voltage GATE Voltage VS. Input Voltage
10 14.0
12.0
¢ s
§10.0
— 6 =
< 5 8.0
\.% >
2 4 5 6.0
o
E i
nabled T
2 4 3
Disabled 2.0
0 0.0
0 20 4 60 80
2
vaty 0 0 i 60 80
PGD Pin Low Voltage VS. Sink Current OVLO/UVLO Threshold VS. Temperature
1 2.55
0.9 254
=
s 0.8 1 2.53 ——0VLO
w O 252
2 0.7 I — UVLO
5 0.6 w 251
9 0.5 T 25
= o
8 0.4 g 2.49 ——
E 0.3 § 2.48
G 0.2 % 2.47
0.1 2.46
0 2.45
0 5 10 15 2 40 20 0 20 40 60 80 100 120
PGD Sink Current(mA) Temperature('C)
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JW1221/JW1221L JoulWatt

TYPICAL PERFORMANCE CHARACTERISTICS(continued)

Vin =48V, T = +25°C, unless otherwise noted

OVLO/UVLO Hysteresis Vs. Temperature Current Limit Threshold Vs. Temperature
23 57
=
— 56.5
Z 225 E&
@ 22 3 °°
& Z
E 215 —— 8 55.5
Y E 55
T 21 E
@]
S 20.5 = 545
S z s
S 20 ovLO 2
o
2 195 —— VLo 3 33
19 53
-40 =20 0 20 40 60 30 100 120 -40 -20 0 20 40 60 80 100 120
Temperature(C) Temperature('C)
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JW1221/JWT221L

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin =30V, Ta = +25°C, unless otherwise noted

Startup
Vin=30V, P_y=40W, ILIM=10A

Vin |
20v/div | ‘
Vour | 14 |
20V/div : e

LI — |
20v/div |’ )

o *
2A/div | t

20ms/div

Gradual Over Current
Vin=30V, P y=40W, ILIM=10A

Vin
20V/div

Vour
20V/div ¢

GATE
20Vv/div
In ¥
2A/div

s I

20ps/div

Hot Short Zoomed In
Vin=30V Load=0A, P y=40W, ILIM=10A

Vin
20V/div |
TMR ~ |
2v/div | S |
GATE | —
20V/div * : J} i |

I A |
10A/div /;" {

2ps/div

Short Circuit Protection
Vin=30V, P y=40W, ILIM=10A

Vin |
20V/div |
TMR
2v/div

GATE | '
£8 %
20V/div ¥ = |
I !
10A/div

100ms/div

Startup Zoomed In
Vin=30V, P_,y=40W, ILIM=10A

Vi |
20v/div

Vour
20V/div »

GATE L
20V/div

N
2A/div

2ms/div

Load Step
Vin=30V LOAD=5A->14A

Vin
20V/div

Vour
20V/div p

GATE

20v/div N\
In ¥
SA/div |

800ps/div

Hot Short
Vin=30V Load=9A, P, ,y=40W, ILIM=10A

Vin
20V/div
TMR
2V/div f—
»

GATE
20V/div :LI:IW. e S
|IN I
10A/div |

4ms/div

Under Voltage Protection
Vin=0V->30V, UV=15V

Vin
10V/div )

Vour
1ov/div

GATE £
10V/div ,,_/f

In gy
2A/div |

2ms/div

Start Into Short Circuit
Vin=30V, P_y=40W, ILIM=10A

Vi
20V/div
TMR lr
V/diV  p— AL

GATE ARR
2V/div  pes— |

I
2A/div

100ms/div

Hot Short
Vin=30V Load=0A, P, u=40W, ILIM=10A

Vin |
10v/div |
TMR |
2V/div ’

GATE | oy s ——
10V/diy Ar———

In
SA/div

Ai—

2ms/div

Hot Short Zoomed In
Vin=30V Load=9A, P x»=40W, ILIM=10A
Vin ﬁ\
20V/div il

S ——
Vout ~ ]

20v/div | Sy |

GATE [ J‘xﬁ'—u—_—_
20v/div 7 o i ‘

10A/div
2ps/div

Over Voltage Protection
Vin=20V->50V, OV=39V

Vv | | .
20V/div /————
Vour | } i
20V/div /

GATE
20v/div |

I [t
2A/div

| i i
2ms/div
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JW7221/IWT221L

FUNCTIONAL DESCRIPTION

The JwW7221 and JW7221L are hot swap
controllers that provide inrush current limit
protection thereby allowing a board to be safely
inserted and removed from a live backplane.
Current limit and power limit protection prevent
system against hot short circuit or power supply
transient events.

Power Up Sequence

As initially increases, the gate of external
N-channel MOSFET is pull down by 200mA
current. The 200mA pull down current prevents
an inadvertent turn-on as the Miller capacitor of
external MOSFET is charged. Additionally, the
TIMER pin is initially pull down to GND until VIN
reaching PORr threshold. During the insertion
time (t1), the gate of external MOSFET is held
off by 2mA sinking current and TIMER pin is
charged by 5.5uA sourcing current. The
insertion time prevent MOSFET turn-on while
VIN ringing and transients. The insertion time
will continue until the voltage of TIMER reaching
4V then Cqyr is pull down by 1.5mA sinking
current. The duration of insertion time can be
computed using equation below:

Cryg X 4V
insertion_time = W

After the insertion time, the JW7221 control
circuitry is enabled when VIN reaches the
POREgy threshold. The GATE pin is turned on
when the voltage of UVLO exceeds the UVLO
threshold (2.5V) and the inrush time (t) is
beginning.

The GATE of external MOSFET is charged by
19pA souring current and the maximum Vgs
voltage is clamped below 12V by internal circuit.
During the inrush time, the inrush current is
limited by current limit or power limit protection.
An internal 85uA sourcing current charges Cryr

while current limit or power limit protection is
active. If the power dissipation and current of
MOSFET reduce below limiting threshold before
the voltage of TIMER reaching 4V, the inrush
time ends and 85upA sourcing current is
switched off, then Cqyr is discharged by 2.5uA
sinking current. If the current limit and power
limit protection is still active when the voltage of
Ctur reaches 4V. A fault condition is declared
and the external MOSFET is turned off. JW7221
enters into retry mode while JW7221L latches
off. To avoid timeout during inrush time, Crur
can be computed by below equation:

Linrush_time X 85uAd
4V

Crmgr =

Vsy

Vi UVLO
PORA™ 550A 4y | 85pA 2.5pA
|
mer 1 M 'Y

PIN 1.5m

A
GATE 230MA | 2mA U

ull-downy  pull- /”"‘

PIN p ull-down | 20pA
LOAD | ILM,T:I|7_~ source
Current l |

|
|
|
|
| SRR/ .
Output | | I $ |
Voltage | | | 1.25V |
| I !
| | |

PG | |
| | ' |
——> |, ——t—>

Insertion Inrush Normal

time time operation

Figure 1. Power-Up Sequence (Current Limit Only)

GATE Control

A charge pump sources 19uA to enhance the
external MOSFET. The voltage between GATE
to source is limited by internal clamp circuit. The
gate of external MOSFET is held charged by
19pA sourcing current to approximately 12V
above OUT during normal operation time (t3).
An external Zener diode is recommended if the
maximum VGS rating of the external MOSFET
is less than 12V. The forward current rating of
the external Zener diode should be larger than

JW7221/JW7221L Rev.0.8
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JW7221/IWT221L

250mA.

When the system voltage is initially applied, the
GATE pin is held low by a 200mA pull-down
current. This helps prevent an inadvertent
turn-on as the Miller capacitor of the external
MOSFET is charged.

During the insertion time (t;) the GATE s
keeping pull down by 2mA sinking current.
The external MOSFET is hold off until the end of
t;. During the inrush time (t,), the GATE voltage
is modulated to regulate the current or power
dissipation level.

If the current limit and power limit protection is
still active when the voltage of Cryr reaches 4V.
The GATE is pull down by 2mA current. A fault
condition is declared. If the power dissipation
and current of MOSFET reduce below limiting
threshold before the voltage of TIMER reaching
4V, The GATE is held charging and
JW7221/JW7221L enters normal operating
time.

If under voltage protection or over voltage
protection is triggered, the GATE pin is pulled
low by the 2mA pull-down current to turn off the
external MOSFET.

Vin ) ARSNS

V.
e o g
rd \4
L] 1
VI SNS LGAaTE out  Cou
| - J I
Lr— s 20pA 12v JW7221 =
arge e h |
Pump

) Gate
.............'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.' Control

Current li mlt/ Fault / UVLO /
power imit 2mA VLO/ (2:|3roc':|/:breaker /
control nsemon tim

initial hold-down

IHH

Figure 2. GATE Control

Fault Timer and Restart

If the current limit or power limit protection is still
active when the voltage of TIMER reaches 4V,
the GATE is held off by 2mA current. Then the

JW7221L latches off so that GATE pin is pull
down by 2mA current and Cyyr is discharged by
2.5uA current. Latch off mode is continue until
JW7221L is reset by VCC, UVLO or OVLO.

Vin

> VIN
UVLO JW7221

Restart R,

control
OVLO GND
— R3

i

Figure 3. Latched Fault Restart Control

The JW7221 enters automatic restart sequence.
The TIMER pin continues to charge and
discharge between 1.23V and 4V seven times
as shown in Figure 4. During restart sequence,
the Crwr charging current is 85uA while
discharging current is 2.5uA. When the TIMER
pin reaches 0.3V during the eighth high to low
ramp, the 19pA current sourcing at the GATE
pin turns on external MOSFET. If the fault
condition is not removed, the timeout period and
the restart cycle repeat.

Fault

e o
detection lum
LOAD |
Current | /

2mA T

20pA
GATE Charge\b/_

GATE puII -down |
Volta e
9 15 5pA I
85A | I
TIMER 123v—H—N N Ndo.... I
Fault timeout —)I |‘ tRESTART =|
period

Figure 4. Restart Sequence

Shutdown Control

The external MOSFET can be remotely turned
off by pull UVLO pin low or pull OVLO pin high.
Both UVLO and OVLO threshold is 2.5V.
Typical application is shown as Figure 5.

JW7221/JW7221L Rev.0.8
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JW7221/IWT221L

Vi

VIN

R
UVLO JW7221

Shutdown R,
control

OoVvLO GND

R3

- 1

Figure 5. Shutdown Control

Current Limit

The load current is measured by the voltage
between VIN and SNS. The current limit
protection is active when the voltage across the
sense resistor Rgnys reaches 55mV. In the
current limit condition, the GATE is modulated
to regulate the voltage across Rsys around
55mV and Cqyr is charged by internal 85uA
sourcing current. If the load current decrease
below 55mV before the voltage of TIMER
reaching 4V, IC recover to normal operation
mode. The Rgys resistor is recommended to be
smaller than 100 mQ.

Circuit Breaker

The JW7221 and JW7221L incorporates two
distinct thresholds: a current limit threshold
(55mV) and a fast-trip threshold. The fast-trip
threshold protect the system against a serve
over load and hot short circuit. When the
voltage across the sense resistor Rsys exceeds
the 105mV fast trip threshold, the GATE pin
immediately pulls the external MOSFET gate to
ground with approximate 200mA, and a fault
time-out period begins. When the voltage
across Rgys falls below 105 mV, the 200mA
pull-down current at the GATE pin is switched
off, and the gate voltage of external MOSFET is
then modulated to regulate load current.

Power Limit

The power limit protection allows the better
utilization of external MOSFET’s SOA. In most
cases, inrush current is limited by power limit
function. The power dissipation is calculated by
multiplying the Vps (Vsns-Vour) Of the external
MOSFET and the voltage across Rsys. The
power limit is programmed by the external
resistor connected between PWR and GND.
When the power limit is active, the GATE is
modulated to regulate the power dissipation
around power limit threshold. The power limit
program resistor (Rpwgr) can be calculated using
following equation:

RPWR = 13 X 105 X RSNS X PLIM

The power limit program resistor is
recommended to be smaller than 150kQ.

Under-voltage Lockout (UVLO)

Both threshold and hysteresis can be
programmed for under voltage protection. The
UVLO rising threshold is set by R; and R,
(shown in Figure 6) according to below
equation:

R, +R

UVLOyising = 2 % 2.5V + Ry X 214

2
The hysteresis of UVLO is shown below:

The UVLO pin sinks 21pA current when VIN is
below UVLOysing. When VIN rise up above
UVLO:ising, the 21pA sinking current is switched
off and GATE is pull up by 19uA if the insertion
time is finished. In general, the rising UVLO
threshold should be sufficiently below the
minimum input voltage.

JW7221/JW7221L Rev.0.8
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JW7221/IWT221L

VIN
ST p—y

R 2 et ' =
L :
[UVLO | TIMER AND
—L 1 y GATE

R: SR, 2.&\ LOGIC
S CONTROL
-|OVLO / i
—L7 | A\ 4 pA
<>
SRy GND ‘é‘lJW?ZZl
= j_|_ L

Figure 6. UVLO and OVLO Thresholds Set By R1-R3

Over-voltage Lockout (OVLO)

Both threshold and hysteresis can be
programmed for over voltage protection. The
OVLO rising threshold is set by R3 and R4
(shown in Figure 6) according to below
equation:

R; + R,

OVLOfalling = R,

X 2.5V — Ry X 214

The hysteresis of OVLO is shown below:
OVLOpys = R3 X 21uA

The OVLO pin sources 21pA current when VIN
is above OVLOysing. When VIN falling down
below OVLOxaing, the 21pA sourcing current is
switched off and GATE is pull up by 19pA if the
insertion time is finished. In general, the falling
OVLO threshold should be sufficiently above

the maximum input voltage.

Power Good Indicator

The Power Good pin is an open drain indicator.
Before insertion time, when VIN increases
above 5V PG switches low. PG keeps low until
the voltage of OUT pin increases to Vsns-1.25V
(Vps<1.25V). The PG pin keeps high until the
drain-source voltage of the external MOSFET is
above 2.5V. A pull up resistor (Rpg) is
recommended as shown in Figure?. It's critical
to keep the downstream DC/DC off while the hot
swap is charging the bulk capacitor. This can be
accomplished through the PG pin.

Vpg

JW7221

Figure 7. Power Good Output
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JW7221/IWT221L

APPLICATION INFORMATION

The JwW7221 and JW7221L are hot swap
controller for 12~72V system application and is
used to manage inrush current and protect
downstream circuitry and upstream bus in case
of fault condition.

Typical Application

A Q1 . Vour

Ras | |1

CourJ-
Vin SNS GATE  OuUT l

VIN

JW7221
uvLo TIMER

X
AAA
W
x
3
AA
W
%Jﬂ
£
3

= Cmr

S
3
L ovLO GND PWR

Rewr

—AAA
WA
1

Figure 8. Typical Application

Design Requirements

The table below summarizes the design
parameters that must be known before
designing a hot swap circuit. Keeping load off
until hot swap is fully powered up is
recommended and it can be realized by using
PG function. Starting load early causes
unnecessary stress on external MOSFET and
could lead to MOSFET failure to startup.

PARAMETER VALUE

Input Voltage Range 18~36V
Maximum Load Current 7A
UVLO Falling Threshold 14v
UVLO Hysteresis 2V
OVLO Rising Threshold 38V
OVLO Hysteresis 2V

Cour 100uF
Maximum Ambient Temperature 50°C

Rsns Selection

Before selecting Rsns. First compute the
maximum load current Il TO provide some

margin, set the target current I, to 1.5XImax
and compute Rgsys using equation below:

55mV 55mV

Rovs =151 — = Tox7a - >23m4

Using next available Rsys of 5mQ. Current limit
can be computed as 11A. In addition, if a
precise current limit is desired, a sense resistor
with a resistor divider can be used as shown in
Figure 9.

Rsns

Rsns1

VIN SNS

JW7221

Figure 9. SENSE Resistor Divider

The current limit using resistor divider can be
calculated as below equation:

55mV

iCL = R
RSNS SNS2
Rgns1 + Rsns
The Rsns1 IS recommended to be smaller than
10Q.

External MOSFET Selection

The  JW7221/JW7221L drives external
N-channel MOSFETS to limit inrush current and
protect system from fault condition such as over
current, over voltage and under voltage. The
important features of the MOSFETS are Rps(on),
the maximum drain-source voltage and the SOA.
Device with Vgs lower than 12V rating can be
used if a Zener diode is connected. Sufficient
Vbsmaxy margin is recommended because the
MOSFET may experience much higher

JW7221/JW7221L Rev.0.8
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JW7221/IWT221L

transient voltages during extreme conditions. A
MOSFET with a Vpgmuax) rating of at least twice
the maximum input supply voltage is
recommended.

The next factor need to consider is Rpson), The
maximum voltage droop across MOSFET
should be less than power good threshold
140mV.

140mV
RDS(ON) < 114 = 12.7mQ

Taking these factors into consideration, the
IPBO27N10NS5 is selected for this example. The
MOSFET has a maximum gate-source rating of
20V. and maximum Rpsony of 2.7mQ. The Rgyc
is 0.6 °C/W while Rgya is 62 °C/W.

The effect of Rpsony upon the maximum
operating temperature should be considered by
following equation.

T],MAX - TA_MAX _ 130 — 50
Iyax® X Rgja 112X 62

RDS(ON) < = 10.6mQ

Power Limit Selection

In general, the power limit Py, of the
JW7221/IW7221L should be set to prevent the
die temperature from exceeding a short-term
maximum temperature Tjyax Of the MOSFET.
Usually Tjuax of the MOSFET could be set as
130. Leave some margin to usual manufacture’s
rating 150°C. P,y can be set by following
equation:

Py <
T) max — (IMAXZ X Rpscon) X Roca + Ta_max)
Rgjc
130 — (112 x 0.0027 X 62 + 50)
= 06 = 130W

Vsns_pL_min IS the minimum sense voltage during
power limit operation. Usually Vsns pimin IS
measured when drain-source voltage is max.
Due to offsets of internal amplifiers,

programmed power limit (Pym) accuracy
degrades at low Vsys p.min @nd could cause
start-up issues. To ensure reliable operation,
verify that Vsns pomin>5mV  using  below
equation

_ Py X Rens

VSNS_PL_MIN - V—
IN_MAX

Therefore, the P should be larger than 36W.
Take this factors into consideration, P is set
as 40W. The maximum power dissipation of the
external MOSFET can be programmed by an
external resistor Rpwr. The value of Rpywr can
be computed by following equation.

RPWR =13x 105 X RSNS X PLIM

Rpwr can be computed as 26kQ for this
example. The next available value is 25kQ.

Ctumr Selection

The fault timeout time should be larger than the
maximum output voltage rise time. It is critical to
keep downstream DC/DC converter off while the
hot swap is charging bulk capacitor. If the
Pum<lum*Vin_max, the estimated startup time
can be computed by following equation:

C v, 2 p
tsmn» — ouT % IN_MAX + LII\/I2
2 Prim Iy

If the Pum>lum*Vin_vax, the startup time can be
calculated by below equation:
_ Coyr X Vin_max

Ustart = i
LIM

For this application, Pyuu<Iim*Vin_max, the tsar
can be estimated as 1.63ms. To ensure that
fault timeout cannot be triggered during inrush
time, 50% fault timeout margin is recommended.
Crur can be computed with following equation.

trrr X 85uA4  150% X 1.94ms X 85uA
Crur =y = 4v

The next available Ctygr is chosen as 68nF. The

JW7221/JW7221L Rev.0.8
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JW7221/IWT221L

trt can be calculated by below equation:

. _Crug x4V _ 68nF x 4V
FLT 85uA 85ud

= 3.2ms

SOA Check

Once the power limit and fault timer are chosen,
it's critical to check the MOSFET's SOA during
all conditions. In the worst case. The MOSFET’s
VDS equals the maximum input supply voltage,
and maximum current equal to Pyu/Vin_vax, the
stress event lasts for tg 7.
For this application, IPBO27N10N5 need to
survive during 36V 1.11A for 3.2ms. Based on
the SOA of IPBO27N10NS5, it can handle 40V
1.05A for 10ms and 40V 4A for 1ms. The SOA
for 3.2ms can be extrapolated by approximating
SOA versus time as a power function as shown
below
Isoa(t) =axt™
Isoa(ty) 44
Isoa(tz) _ In(T552) — _0.58
g ey
2 ms
a= Isoa(ty) _ 4A
t,™ (1ms)~058
Is04(3.2ms) = 4A x (1ms)®%8 x 3.270-58
= 20.034

In

Note that the SOA of a MOSFET is specified at
a case 25 °C. While the case temperature can
be much hotter during a hot-short. The SOA
must be derated based on Tc wax using

hot-short.

UVLO and OVLO Setting

Both the threshold and hysteresis can be
programmed by external resistor divider.
Usually the rising UVLO threshold should be set
sufficiently below the minimum input voltage
and the falling OVLO threshold should be set
sufficiently above the maximum input voltage.
For this example, UV rising threshold is 16V and
UV falling threshold is 14V. R; can be chosen
according to 2V UV threshold.

 _ UVhyst 2V
L7 2144 T 21uA
R, can be computed by equation shown as

= 95kQ

R1 95kQ)

= = X 2.5 = 20.6k)
UViquing — 25V 14— 2.5

R,

The OV setting can be programmed as a similar
fashion as shown in equations below

OViyse 2V
=—2 = =95kQ
37 21uA T 21uA
R; 95kQ
R, = X 2.5 = 6.69k0

OVyising — 2.5V 38— 2.5

Choose available value as R;=R3;=100kQ,
R,=20kQ), R,=6.8kQ).

Final Schematic and Component
Values

equation following: PARAMETER VALUE
Tc max = Tamax + Roca X Inax® X Rpscon) Rens sma
=50 + 61.4°C/W x 114% x 2.7mQ = 70°C Ry 100kQ
Isoa(3-2ms, T¢ yax) R: 20kQ
T, —T, Rs 100kQ
= o) JMAX " C MAX
= I594(3.2ms, 25°C) T, oy — 25°C Re 6.8K0
175-70 Rpwr 25kQ
= 2.034 x m = 1.42A o} IPBO27N10N5
. Crmr 68nF
Based on calculation the MOSFET can handle c T00uF
. M
1.42A, 36V for 3.2ms. This means the MOSFET o
is not at risk of getting damaged during a
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PCB Layout Note This could result in a violation of the ABS
max rating from VCC to SNS.

4. Keep the input capacitor on VIN pin as close
to the IC as possible.

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

1. VIN pin and SNS pin need to have a Kelvin

Sense connection to the sense resistor l Trace Wy
RSNS- _ indvetance SNS
2. A Shottky diode is recommended to be et
connected From GND to OUT pin. L uy w7221
3. A large voltage can develop between VIN
and SNS, if the bypass capacitor is placed \;;) Capacitor next 1
right next to the pin and the trace from 17 esommended
RSNS to the pin is long, a LC filter is formed. =
JW7221/JW7221L Rev.0.8 JoulWatt® Proprietary Information. Patent Protected. 1 8

2020/12/30 Unauthorized Photocopy and Duplication Prohibited.



JW1221/JW1221L JoulWatt

TAPE AND REEL INFORMATION

Reel UNIT: mm
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Package Diameter Thickness Width W4
) W1 W2
MSOP10 330+2 17.6+2 12.4+2 100£2
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Carrier Tape UNIT: mm
] L ®1 Rl —3 .
| i —_—
e ot -Fc—-e-o— 9o
(i1}
[
o2
z — --—eé’i— -— £
h
! I
oy Yo 5
P » SECTION B-R
| 3
A
SECTION A-A
Package PO+ Ple Pe AQ+ B0~ e T0< KO- 1. ®2- Ee Fe
MSOP10» 40%0.10 2.0£0.05» 8.0%0.1» 5.20.10 334010 12 = 839 .| 0.25+0.02¢ 1.2mino T38| 1.5 = gaze . | 175%0.10 5.5040.05-
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PACKAGE OUTLINE

MSOP10 UNIT: mm
D

| | o /—\ symbol MILLIMETER
m— c J A — — 1.10
Al v LL’J f AL 002 | — 0.15
A2 0.75 — 0.95
b 018 | — 0.33
- F c 0.09 — 0.23
E E E E E - D 290 | 300 | 310
E a5 | — 5.05
E1 29 | — 3.10

El E e 0.50(BSC)

L 040 | — 0.80
® 0 0° — 8°

oL

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPAE

O O Q Sprocket Holes

1 2 1 2 1 2
30 4 30 a 3 4 User Direction of feed
‘\E
~

Procket Quadrants

Package Pinl Quadrant
MSOP10 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.

® Anyunauthorized 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 © 2019 JW7221/JW7221L Incorporated.

All rights are reserved by Joulwatt Technology Inc.
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