l” ﬂ ?/0 N gvpto1185\/OeZuse with Blocking FET Control

1. General Description 2. Features
® |Input Voltage Range: 4.5V to 18 V
The family of WP1507 is a highly integrated e-Fuse PY gerang
} ) i ® Typical Rpson): 28mQ N-Channel
protection IC. It has multiple protection modes . .
) i o ) ® Adjustable Current Limit: 1A~5A
including current limiting, overvoltage clamping, )
o ) ® Fixed Over-Voltage Clamp: 6.1V/15V
short circuit protection and over-temperature
rotection ® Programmable Vout Slew Rate
P ) ® Reverse Current Blocking Support
Current limit threshold is programmed with a resistor ® Built-in Thermal Shutdown
from ILIM to ground. The devices provide over ® UL2367 certification in process
voltage protection (OVP) for 5/12V systems. Over ® Available in Green DFN-3 X 3-10L Package
voltage protection are limited by internal clampin . .
orage p . ¢ DY I NS 3, Applications
circuits to a safe fixed maximum, with no external
components required. The soft-start time is set with ® HHD and SSD Drives
a capacitor from the dV/dT pin to the ground to limit ® Set Top Boxes
the current surge during start-up. The device is ® Servers and AUX Supplies
available in a Green DFN-3x3-10L packages. ® PCland PCle Cards
® Adapter Powered Devices
® USB Power Distribution
® USB Protection
® USB 3.1 Power Delivery
4. Typical Application
VIN VOUT
o IN OouT 0
RS
EN/UVLO BFET
Cn =10pF p— < j— Cour =1WF
Rz ILIM
dv/dT
CdV/dTl Ruv
T GND

NOTE: This electric circuit only supplies for reference.
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IAY 2N WP1507

4.5V to 18 V e-Fuse with Blocking FET Control

5. Pin Configuration

dvidT | T} ILIM
EN/UVLO [ 2} BFET
[ N [ our
N [4] ouT
N[5 ouT

TOP VIEW

DFN 3x 3-10L

6. Pin Description
PIN NUMBER PIN NAME /0 PIN FUNCTION
Connect a capacitor from this pin to GND to control
1 dv/dT 0

the ramp rate of OUT voltage at device turn on.

This is a dual function control pin. When used as an
ENABLE pin and pulled down, it shuts off the internal
2 EN/UVLO MOSFET. When pulled high, it enables the device. As
an UVLO pin, it can be used to program different
UVLO trip point via external resistor divider.

3,4,5 IN I Power Input Pin.
6,7,8 ouT (0] Power Output Pin.
9 BFET 0] Connect this pin to the gate of a blocking NFET.
A resistor from this pin to GND sets the overload and
10 ILIM o] TR
short circuit limit.
Thermal Pad GND Ground GND.

7. Production Modes

PART NUMBER OVP CLAMP FAULT RESPONSE
WP1507-AFEAR - Latched
WP1507-BFEAR - Auto Retry
WP1507-CFEAR 6.1V Latched
WP1507-DFEAR 6.1V Auto Retry
WP1507-EFEAR 15V Latched
WP1507-FFEAR 15V Auto Retry
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IAY 2N WP1507

4.5V to 18 V e-Fuse with Blocking FET Control

8. Absolute Maximum Ratings [

Ta=257C, unless otherwise noted.

SYMBOL ‘ PARAMETER ‘ RATING ‘ UNIT
IN Input Voltage -0.310 20 \Y,
ouT OUT Voltage -0.3toVn+0.3 Vv
ILIM -0.3to7 \%
EN/UVLO -0.3to7 Vv

Voltage

dv/dT -0.3to7 Vv
BFET -0.31t0 30 Vv
Tste Storage Temperature -65 to 150 °C
Tsor Lead Temperature (Soldering, 10 sec) 260 °C
ESD Human Body Model 2 kV

Note 1: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These
are stress ratings only, which do not imply functional operation of the device at these or any other conditions beyond those
indicated under Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods

may affect device reliability.

9. Recommended Operating Conditions

SYMBOL | PARAMETER ‘ MIN ‘ TYP ‘ MAX ‘ UNIT
IN 4.5 - 18 \%
BEFT 0 - ViN+ 6 \%
Input Voltage
dv/dT, EN/JUVLO 0 - 6 \%
ILIM 0 - 3 \%
Continuous output
lour inuous outpu 0 ) 5 A
current
RiLm Resistance 10 100 162 kQ
Cout 0.1 1 1000 uF
External capacitance
Caviar 1 1000 nF
ting Ambient
. Operating Ambien 40 25 85 oc
Temperature
o] ting Juncti
T, perating Junction 40 25 125 oC
Temperature

W02010069-Rev1.2 3 www.way-on.com



IAY 2N WP1507

4.5V to 18 V e-Fuse with Blocking FET Control

10. Electrical Characteristics

(Vin =12V for WP1507-A/B/E/F, Vin = 5V for WP1507-C/D, Venwvio = 2 V, Cin= 10pF, Cout = 1uF, Caviar = OPEN,
Ta=25C, unless otherwise noted)

SYMBOL PARAMETER TEST CONDITIONS ‘ MIN ‘ TYP ‘ MAX | UNIT

IN (INPUT SUPPLY)

| t UVLO Threshold, L
Voo | PUEEVEL Thresho Enabled, Vi rising 415 | 43 | 445 | v
Rising
Input UVLO
V 0.2 \
UVLOHYS Hysteresis %
WP1507-
Enabled: A/B/E/F 300 420 550 MA
la Quiescent current EN/UVLO =2 WP1507
Y% ) 350 470 600 A
Cc/D H
IsHDN Shutdown Current Disabled: EN/JUVLO =0V 130 225 MA
WP1507-C/D
5.25 6.1 6.75 \
V|N>6.75V, loutT=10mA
Vove Over-voltage clamp
WP1S07-EF 13.8 15 165 | V
V|N>16.5V, loutT=10mA ' '

EN/UVLO (ENABLE/UVLO INPUT)

EN threshold voltage,
VENH . 1.37 1.40 1.44 V
rising
EN threshold voltage,
Vet reshoid vollage 132 | 135 | 139 | V
falling
EN input leakage
len P g OV < Vex <5V 0.1 0 01 | pA
current

dVv/dT (OUTPUT RAMP CONTROL)

dV/dT chargin
laviaT 92 g Vavigr =0V 220 nA
current @
dV/dT dischargin V =0V, I =10 mA
RavidT_disch ) 9ing ENVLO , ,dV/dT 50 73 100 Q
resistance sinking
dV/dT maximum
VavidTmax , ) 5.5 vV
capacitor voltage
GAINav/at dV/dT to OUT gain @ AVaviat 4.85 VIV
ILIM (CURRENT LIMIT PROGRAMMING)
[Lim ILim bias current [2 10 HA

W02010069-Rev1.2 4 www.way-on.com



IAY 2N WP1507

4.5V to 18 V e-Fuse with Blocking FET Control

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Ruv =10kQ, VinouT =1V 1.02 A
Overload current R||_||v| =453 kQ, VlN-OUT =1V 1.79 2.1 242 A
loL .
“mlt R||_||v| = 100 kQ, VIN-OUT =1V 3.46 3.75 4.03 A
R||_||v| =150 kQ, VlN-OUT =1V 45 51 57 A
Rium = 0 Q, shorted resistor
loL-R-Short M . I 0.84 A
current limit
Rium = OPEN, open resistor
IOL-R-Open M p . I 0.80 A
current limit
Riuv = 10kQ, Vn- =5V
ium = 10kQ, Vin-out = 5 10 A
WP1507-C/D
Rium = 10kQ, Vn- =12V
v = 10kQ, Vin-ouT 10 A

WP1507-A/B/E/F
Rium = 45.3kQ, Vvin-out =5V,

1.72 2.05 242 A

WP1507-C/D
Rium = 45.3kQ, Vvin-out = 12V,
o - VouT 166 | 198 | 237 | A
| Short-circuit current WP1507-A/B/E/F
SCL
limit Rium = 100kQ, Vvinoutr =5V,
M vnouT 31 | 356 | 4.0 A
WP1507-C/D

Rium = 100kQ, Vvin-ouT = 12V,
WP1507-A/B/E/F
Rium = 150kQ, Vvinout = 5V,
WP1507-C/D
Rium = 150kQ, Vvin-out = 12V,
WP1507-A/B/E/F

29 3.32 3.85 A

4.22 4.95 5.69 A

3.7 4.5 5.5 A

Fast-trip comparator
RATIOFasTRIP level w.r.t.overload lrastrIP : loOL 160%
current limit (21
ILIM open resistor
detect threshold

VopeniLiM Vium Rising, Rium = OPEN 3.1 \Y

OUT (PASS FET OUTPUT)

EN/UVLO—H to Iy =100
ton Turn on delay @ mA, 220 us
1A resistive load at OUT

RDS(ON) FET ON resistance T, =-40°C to 125°C 21 28 50 mQ
| VenuvLo=0V, Vour=0V 5 0 -
OUTOFFLKE 1 OUT bias current in (sourcing) ' A

off state Venwvio = 0V, Vour =300 mV H
louT-OFF-sINK o 10 15 20
(sinking)
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IAY 2N WP1507

4.5V to 18 V e-Fuse with Blocking FET Control

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
BFET (BLOCKING FET GATE DRIVER)

BFET chargin
lsFeT g g Verer = Vour 2 MA
current 21
BFET clamp VN +
VBFETmax Vv
BrETme voltage 12! 59
BFET discharging Venuvio = 0V, Igrer = 100
R i 15 26 36 Q
BRETdioch resistance to GND mA
THERMAL SHUT DOWN (TSD)
TSD threshold,
TsHon . resho 160 °C
rising 12!
T SHDNhyst 20 °C

dV/dT (OUTPUT RAMP CONTROL)

WP1507-A/B/E/F, EN/JUVLO
— Hto OUT = 11.7V, Cavdr 0.7 1 1.3 ms
=0
WP1507-C/D, EN/UVLO — H
to OUT =4.9V, Cavat =0

0.28 0.4 0.52 ms

t Output ramp time
Vit Hiptt ramp 2 WP1507-A/B/E/F, EN/UVLO
— Hto OUT =11.7V, 12 ms
Cavat =1nF
WP1507-C/D, EN/UVLO — H 5 m
to OUT =4.9V, Cavatr =1nF S
ILIM (CURRENT LIMIT PROGRAMMING)
Fast-trip comparator lout > IFasTrRIP tO louT=0
t 300 ns
Fastofibly delay (Switch off)
BFET (BLOCKING FET GATE DRIVER)
EN/UVLO - HtoV =12
WP1507-A/BE/F — 1o Verer 4.2
V, Cgrer = 1 nF
tBrET-ON BFET turn on ms
. EN/UVLO — H to Vgrer = 12
duration 12 42
V, Cgeer =10 nF
EN/UVLO - LtoV =1
WP1507-A/B/E/F - BRET 0.4
V, Cerer = 1 nF
tereT-OFF BFET Turnoff us
. EN/UVLO — L to VBFET =1
duration @ 1.4
V, Cgrer = 10 nF
THERMAL SHUTDOWN (TSD)
Retry delay after TSD
trspaly recovery, WP1507-B/D/F 300 V&

Ty <[TsHpn — 20°C] @
Note 2: Guaranteed by characterization testing and design.
W02010069-Rev1.2 6 www.way-on.com




IAY 2N WP1507

4.5V to 18 V e-Fuse with Blocking FET Control

11. Typical Performance Characteristics

(WP1507-A/B, Vin=12V, Venuvio=2V, Rum=100kQ, Cin=10pF, Cout=1uF, Caviat=0pen, Ta=25°C, unless otherwise
noted)

TSt | I a 1 Tek 2y
. i = : 4
+
4
/ [l :
i 1 — / EM{VOUT
By VauT— . - . ) V g /'
! [ o
B{10UT— BBFET . .
[ 5,00V .00MS/ 7 —- - >
F’ e SoomA & ][%:J.Ufs\ i Fl,ookornsintss e ] oy, 8¢ J[‘m?ﬁs ‘ iniogfﬁs %m\v ]
Figure 1. Turn on delay Figure 2. Turn off delay
TekStop___ I m I Tekow [ [ o S
: ‘ T ‘ ' u '

2{vouT: 24VOUT:
EH{I0UT -~ - e - s e = D[ TOUT o st
& — 5,00y s. . s o . V 5 / : @
I B . T @ T
Figure 3. Output ramp time (Caviat = OnF) Figure 4. Output ramp time (Caviat = 1nF)
Tek stop. [ I | Tek stop I 1T 1
| : | - o N |
4 .‘ RERTERIRS SR ‘ o
o | | | D o -
[ / i [ (T — I ; N
P vnuru%-w'wuv—-/ L R
ER|L0UT- Sh I);DUT
8 . i & oo seoonm: obgems st ) @ 50 v @ e n o s e
Figure 5. BFET turn on duration (Cgret = 1nF) Figure 6. BFET turn on duration (Csrer = 10nF)
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WAY AN

WP1507

4.5V to 18 V e-Fuse with Blocking FET Control

Tek Stop_ _ | B B B . 1

Tek Stop [ 1

)

Divin

vout l

¥
—/ 4
BT . . . . . . .

&

@ S0V & 20.0ms SO0kS/5 7 ]
500ma By 100k points 200mA
Walue Mean Min Max Std Dev
€D High $40mA 827m 800m 840m 23.1m

Figure 7. Overload current limit (Rium = 0 Q)

[

vour : A

. . |
4 9
B ouT [ . J- . . . . .

@ S0V &

L

] ] )[20.0ms TS00kS /s 7 :
S00mA By 100k peints 200mA
Yalue Mean Min Iax Std Dev
€D High &40ma 820m 800m 840m 28.3m

Figure 8. Overload current limit (Rim = OPEN)

Tek Stop [ 1

Tek stop [ I

DTN
2 |vout -
4

E{I0uT ;

@ S0V & 20.0ms S00KS/s 7

S00mé & 100k points 200mA
Value Mean Min Max Std Dev
€D High 116 4 168 1.16 220 735m

Figure 9. Overload current limit (Rum = 10 kQ)

4
@ S0V & 20.0ms S00KS/s [ W ;
L0084 & 100k points 200mé
Value Mean Min Max Std Dev
€D tigh 2204 219 216 2.20 23.1m

Figure 10. Overload current limit (Rium = 45.3 kQ)

Walue Mean Min Max Std Dev
& High 3.76 4 3.76 3.76 3.76 0.00

Figure 11. Overload current limit (Rium = 100 kQ)

Tek 5top [ 1 Tekstop i = : : |

¥
[ -
2 vout 4
E)IDUT———.—/ + «

® S0y W 20.0ms S00kS/s © ® 0V & 30.0ms S00KS/S © :
Ep 20042 By 100k points 200mA E) 2004 fu 100k points 200m4
k k

Value Mean Min M Std Dev
& vigh 5124 4.59 4.06 5.12 750m

Figure 12 Overload current limit (Rium = 150 kQ)
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WAY AN

WP1507

4.5V to 18 V e-Fuse with Blocking FET Control

Figure 13 Short-circuit current limit (Rium = 10 kQ)
WP1507-A/B/E/F

Tek Stop Tek Stop
B{vn
DV B{vouT
BlouT
4 - : [ L

[{IouT! : : {I0uT: :

& sV . 4.00ms 2.50MS/s [+ % & S0V & 4.00ms 2.50MS7s [ 3

& 108 & 100k points 540m# 1004 B 100k points 640mé
Value Mean Min Max Std Dev Value Mean Min Max Std Dev
€D Hich 1244 1.24 1.24 1.24 0.00 €D Hich 1204 1.20 1.20 1.20 0.00

Figure 14 Short-circuit current limit (Rium = 10 kQ)
WP1507-C/D

Figure 15 Short-circuit current limit (Rium = 45.3 kQ)

Tek Stop Tek Stop
|
: Bvin
B N{ B{vour A : — l
E»|vOuT 4 A
/\ 4 4
[ {TouT, @ {TouT,
[ B 2.00ms S 00MS/s O 7 & sy & 2.00ms 5.00MS /s O 7
2004 & 100k points 640mA 2008 B 100k points 640mA
Value Mean Min Max Std Dev Yalue Mean Min Max Std Dev
€ High 2.004 2.00 2.00 2.00 0.00 €D High 2,164 3.15 2.18 3.68 855m

Figure 16 Short-circuit current limit (Rium = 45.3 kQ)

P - T
Figure 17 Short-circuit current limit (Rium = 100 kQ)
WP1507-A/B/E/F

WP1507-A/B/E/F WP1507-C/D
Tek stop I - 1 Tek Stop
"
' BV
Divr _l B {vour *\
B vout H‘\ /;
4
[@{IouT ‘ S ully 4
500V ® ) J{Z 00ms 5.00MS/s S0V & 2.00ms 5.00MS/ 7
2004 & 100k points 640mA 2004 & H 100k points 640mé

FYEEETE T
Figure 18 Short-circuit current limit (Rium = 100 kQ)
WP1507-C/D
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WP1507

4.5V to 18 V e-Fuse with Blocking FET Control

Bl . \_ ; ; . —_—
IDUT.—/\MMW | | }
& sV % @ S0y W }{auuus 25.0MS/s

r
[+
& 5008 & 100k points 500mé

Value Mean Min Max Std Dev
B High 4404 4.40 4.40 4.40 0.00

L

Figure 19 Short-circuit current limit (Rium = 150 kQ)
WP1507-A/B/E/F

Tek Stop — Tek Prevu
L g
4 Dl
BV . , Bjvour \~

_—/ s,
TouT : 4

B
& S0V & SO0V & |[400ps 25.0M5/5 O
5004 & 100k points 600m4
Value Mean Min Max Std Dev
€D tich S.004 5.00 5.00 5.00 0.00

Figure 20 Short-circuit current limit (Rium = 150 kQ)
WP1507-C/D

Tekstep [ 1
.
...... T
BVIN
B{vOU rl‘

. . ] / ; P
T0UTmea . /L«m« . :

@ 0oV s o) 200ps
5.00 A By

B

50.0MS/s

S
100k points 2.40 A

Figure 21 Output Short Circuit

Tek stop
BT N
BT et A A e e
B{10uT:
& 100V & @) Voo 3.00ps 1.2565/5 © /
5.004 B 100k points 2.40 4

Figure 22 Short Circuit (Zoom) : Fast-Trip

BT -

& 1oV By [2) 400ms
2004 &

2.50MS/s o\
10M points 160mA

Figure 23 Thermal Fault Auto-Retry

Comparator
Tekstop Tek Stop
I b
t
D 572 (L S
+
B|vou =

@ 0oV s @ v 1.00ms
5.00 4 By

B

10.0MS/5 2 Y
100k points 5.60 Y

Figure 24 Thermal Fault Latched
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IAY 2N WP1507

4.5V to 18 V e-Fuse with Blocking FET Control

8 0.5
—Ta=-40°C
7 045 1 —TA=25°C
6 04 TA=85°C
0.35 | —Ta=125C
S5
2' 2 0.3
o
54 Eo02s
> z
> =)
’ b o /,
—
9 0.15 97
1 —VUVLO_R 0.1 —
VuvLo_F 0.05
0 0
-40 -20 0 25 50 85 100 125 0 5 10 15 20
Temperature (°C) Vin(V)
Figure 25. Vuvio vs. Temperature Figure 26. Istpn vs. ViN
1.0 1.0
T TA=-40°C
—Ta=25°C
0.8 | 0.8 TA=85°C
If——/ " Ta=125°C
06 2 < 06
< £
E ' <
% <
—04 0.4
——Ta=-40°C f
0.2 ——Ta=25°C 0.2 /
/ Ta=85°C .
= Ta=125°C
0.0 0.0
0 5 10 15 20 0 5 10 15 20
Vin(V) Vin(V)
Figure 27. lq vs. Vin WP1507-C/D Figure 28. la vs. Vin WP1507-A/B/E/F
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WP1507

4.5V to 18 V e-Fuse with Blocking FET Control

17.6
7 T T
e |OUT=10mA
6.5
15.6 ~
S S
(=]
> > 6
13.6 e [OUT=10mA \\
5.5
e |OUT=100mMA
IOUT=500mA
11.6 . . 5
-40 -20 0 25 50 85 100 125 -40  -20 0 25 50 85 100 125
Temperature (°C) Temperature (°C)
. Figure 30. Vovc vs. Temperature
Figure 29. Vovc vs. Temperature Across IOUT
WP1507-C/D
WP1507-E/F
300 500
450
250 — 400
350
200 .
_ E 300
g 150 5250 S —
3 3
L 200
100
150
50 100
50
0 0
40 20 0 25 50 8 100 125 40 20 0 25 50 85 100 125
[
Temperature (*C) Temperature (°C)
Figure 31. ton vs. Temperature .
Figure 32. laviat vs. Temperature
W02010069-Rev1.2 12 www.way-on.com




WAY AN

WP1507

4.5V to 18 V e-Fuse with Blocking FET Control

20 3
T Ta=-40°C
18
T Ta=25°C 2.5
16
Ta=85C
14 = Ta=125°C 2
12 —
< — S
c 10 =15
"E >
- 8
1
6
4 0.5 e \/ENH
2 VENL
0 0
1 2 3 4 5 40 20 0 25 50 8 100 125
Ven(V) Temperature (°C)
Figure 33. len vs. Ven Figure 34. Ven vs. Temperature
45 5
/ 45
1
40 / / 7 4
g // 3.5
E 35 = 3
: 74 %
= =
2 /<) ——IOUT=0.5A 52'5
e 30 '7‘_ e |OUT=1A ] b2
/ IOUT=2A 15
25 = IOUT=3A . 1
e |OUT=4A 05
e [OUT=5A
20 1 1 0
40 -20 0 25 50 85 100 125 -40  -20 0 25 50 85 100 125
Temperature (°C) Temperature (°C)
Figure 35. Ros(on) vs. Temperature Across IOUT Figure 36. Voreniim vS. Temperature
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IAY 2N WP1507

4.5V to 18 V e-Fuse with Blocking FET Control

5 2.4 T T
Ry w=45.3kQ L]
R n=45.3kQ
23 A
4 L~
/ //
22
3 < / //
< 3
< 221 =
=) 3 ="
2 [s)
2 — = /
2
T Ta=-40°C
—_—oE / loL
1 TA=25°C 19 i
TA=85°C s | SCL
0 = Ta=125°C 1.8 L L
0 0.5 1 1.5 2 -40  -20 0 25 50 85 100 125
Vin-out(V) Temperature (°C)
Figure 37. lout vs. ViNn-out
g Figure 38. loL IscL vs. Temperature
8 4 i i
RiLm=100kQ 39 |— Rum=100kQ
7
3.8
6
3.7
5 <
—_ — 3.6
< 5
E 4 — - 3.5
e S
/ 34
3
/ = Ta=-40°C 3.3
2 T Ta=25°C 3.2 loL |
1 Ta=85°C
7 3.1 IscL -
= Ta=125°C
0 ' 3 '
0 0.5 1 1.5 2 -40 -20 0 25 50 85 100 125
Vin-out(V) Temperature (°C)
Figure 39. lout vs. Vin-out .
Figure 40. loL IscL vs. Temperature
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WAY AN

WP1507

4.5V to 18 V e-Fuse with Blocking FET Control

10
| | !
o | Run=150kQ 54 |— R, ,y=150kQ
8 5.2
7
- 5
_.6 <
< 348
5 T (I ——
9 o
4 — 46
3 , = Ta=-40°C 4.4
} : — | O
2 TTTa=25°C
/ Ta=85°C 42
1 e |SCL
0 — Ta=125°C 4 . .
0 05 1 15 2 -40 -20 0 25 50 85 100 125
Vin-our(V) Temperature (°C)
Figure 41. lout vs. Vin-ouT Figure 42. loL IscL vs. Temperature
2 2
1.8 1.8
1.6 1.6
~1.4 — 1.4
< <
51.2 £1.2
e 1 8 1
- o
0.6 0.6
0.4 0.4
0.2 0.2
0 0
40 20 Tgm er:fure (05(:0) 8 100 40 20 0 25 50 8 100
P Temperature (°C)
Figure 43. loL-r-open VS. Temperature Figure 44. loL-r-sHorT VS. Temperature
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WP1507

4.5V to 18 V e-Fuse with Blocking FET Control

5 30

45

4 25
<, 2.0 I\
= 515
= A 0 \

= Q
15 P “ 0 N
1 \
5 N

0.5

0 0

1020 30 40 R50 (k6(02) 7080 90 100 1 15 2 25 3 35 4 45 5 55

LM lum (A)
Figure 45. Ium vs. Rium Figure 46. Accuracy vs. ILm
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IAY 2N WP1507

4.5V to 18 V e-Fuse with Blocking FET Control

12. Function Description

12.1 Overview

The WP1507 is an e-fuse with an integrated power switch to manage the current, voltage and start-up voltage
ramps of the connected load. The device starts operation by monitoring the IN bus. When IN exceeds the
undervoltage lockout threshold and the EN/UVLO pin is held high, the internal MOSFET turns on and the chip
begins operation, and when the EN/UVLO pin is held low, the internal MOSFET turns off. Current limit
threshold is programmed with a resistor from ILIM to ground. The soft-start time is set with a capacitor from
the dV/dT pin to the ground to limit the current surge during start-up. The device also integrates an over-
temperature protection function, when the device temperature (T,) exceeds Tshpn, the thermal shutdown
circuitry shuts down the internal MOSFET thereby disconnecting the load from the supply.

In WP1507-A/C/E, the output remains disconnected (MOSFET open) until power to device is recycled or
EN/UVLO is toggled (pulled low and then high). The WP1507-B/D/F device remains off during a cooling period
until device temperature falls below TsHpn — 20°C, after which it attempts to restart. This ON and OFF cycle
continues until fault is cleared.

12.2 Block Diagram

Current
Sense J
IN[] (cs i [] out
OovpP! UVLO
Charge
Pump -
2pA (Y
:| EN
EN% Control Control ¢ E:I BFET
Logic |
OTP it
VDD — 1 VDD
L 220nA (¥ 10pA
dV/dTEJ A 4 4.8X Current
Limit [
Civr == w ISET ] ILIM
! Fast Trip [
GND E]—‘ Comp

Note 3: WP1507-A/B does not include this block
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IAY 2N WP1507

4.5V to 18 V e-Fuse with Blocking FET Control

12.3 Feature Description

12.3.1IN

A ceramic bypass capacitor close to the device from IN to GND is recommended to alleviate bus transients.
The recommended operating voltage range is 4.5V to 18 V for WP1507. The device can continuously sustain
a voltage of 20 V on IN pin.

12.3.2 dV/dT

Connect a capacitor from this pin to GND to control the slew rate of the output voltage at power-on. This pin
can be left floating to obtain a predetermined slew rate (minimum tavqt) on the output. Equation governing
slew rate at start-up is shown in Equation1:

dVoyr __ lav/arXGAIN gy ar

dt Cav/ar+CINT

Where:

laviar = 220NnA (Typ.)
Cint= 70pF (Typ.)
GAINavsat = 4.85

Zour = pesired output slew rate. X

The total ramp time (tqv/at) for O to VIN can be calculated using Equation2:
tayjar = 10° X Viy X (Cay/ar + 70pF) 2)
12.3.3 BFET

Connect this pin to an external NFET that can be used to disconnect input supply from rest of the system in
the event of power failure at IN. The BFET pin is controlled by either input UVLO event or EN/JUVLO. BFET
can source charging current to 2pA (Typ.) and sink (discharge) current from the gate of the external FET via
a 26Q internal discharge resistor to initiate fast turn off, typically < 1us. Due to 2uA charging current, it is
recommended to use > 10MQ impedance when probing the BFET node.

Venwvio > VEN R Vin > Vuyvio r BFET MODE
H H Charge
X L Discharge
L X Discharge
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12.3.4 EN/UVLO

As an input pin, it controls both the ON and OFF state of the internal MOSFET and that of the external blocking
FET. In its high state, the internal MOSFET is enabled and charging begins for the gate of external FET. A
low on this pin turns off the internal MOSFET and pull the gate of the external FET to GND via the built-in
discharge resistor.

12.3.5ILIM

The device continuously monitors the load current and keeps it limited to the value programmed by Rium. After
start-up event and during normal operation, current limit is set as shown in Equation3:

Ip, =0.74+3x1075 X Ry (3)
Choose closest standard value resistor with 1% tolerance.

During a transient short circuit event, the current through the device increases very rapidly. The current-limit
amplifier cannot respond very quickly to this event due to its limited bandwidth. Therefore, the WP1507
incorporates a fast-trip comparator, which shuts down the pass device very quickly when lout > IrastrRIP, @nd
terminates the rapid short-circuit peak current. The trip threshold is set to 60% higher than the programmed
over load current limit (IrastriP = 1.6 % loL). After the transient short-circuit peak current has been terminated
by the fast-trip comparator, the current limit amplifier smoothly regulates the output current to loL.

13. Application and Implementation

13.1 Application Information

The WP1507 is a smart e-Fuse. It is typically used for Hot-Swap and Power rail protection applications. It
operates from 4.5 V to 18 V with programmable current limit and undervoltage protection. The device aids in
controlling the in-rush current and provides precise current limiting during overload conditions for systems
such as Set-Top-Box, DTVs, Gaming Consoles, SSDs/HDDs and Smart Meters. The device also provides
robust protection for multiple faults on the sub-system rail.

13.2 Typical Application
13.2.1 Simple 2.1-A e-Fuse Protection

Viy=4.5 to 18V Vour,lour<l.7A
o IN ouT O
<
RS
1 EN/UVLO BFET 1
Cn=10uF —Z— S —— Cour =1pF
R ILIM
dv/dT RiLim
| 5.3k Q

Typical Application Schematic: Simple 2.1A e-Fuse
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Note: R1 and Rz are optional, and only needed for external UVLO, not needed for internal UVLO which is
controlled by EN. R1=1MQ is a must.

13.2.1.1 Design Requirements

The following table shows the design parameters for this application.

DESIGN PARAMETER ‘ EXAMPLE VALUE
Input voltage range, Vin 5viM12 Vv
Undervoltage lockout set point, V(uv) Default: Vuvio = 4.3 V (R1=1MQ, R2 open)
Load at start-up, Ri(su) 8Q
Current limit, loL = lium 21A
Input capacitance, Cin 10 uF
Load capacitance, Cout 1 uF
Maximum ambient temperature, Ta 85°C

13.2.1.2 Detailed Design Procedure
The following design procedure can be used to select component values for the WP1507.
13.2.1.2.1 Step by Step Design Procedure

This design procedure below seeks to control the junction temperature of device under both static and transient
conditions by proper selection of output ramp-up time and associated support components. The designer can
adjust this procedure to fit the application and design criteria.

13.2.1.2.2 Programming the Current-Limit Threshold: Rium Selection

The Rium resistor at the ILIM pin sets the over load current limit, this can be set using Equation 4:

_ Ijpim—0.7
Rium = o= (4)

ForloL = lium=2.1 A, from Equation 4, Rium = 45.3kQ, choose closest standard value resistor with 1% tolerance.
13.2.1.2.3 Undervoltage Lockout Set Point

The undervoltage lockout (UVLO) trip point is adjusted using the external voltage divider network of R1 and
R2 as connected between IN, EN/UVLO and GND pins of the device. The values required for setting the
undervoltage are calculated solving Equation 5:

R1+R,

V(UV) = R—z

X Venu ()

Where Venn = 1.4 V is enable voltage rising threshold.
Since R1 and Rz leak the current from input supply (Vin), these resistors must be selected based on the
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acceptable leakage current from input power supply (Vin). The current drawn by R1 and Rz from the power
supply {lr12 = Vin/ (R1 + R2)}.

However, leakage currents due to external active components connected to the resistor string can add error
to

these calculations. So, the resistor string current, Ir12 must be chosen to be 20x greater than the leakage
current

expected.

For default UVLO of Vyvr = 4.3 V, select R, = OPEN, and R1 = 1 MQ. Since EN/UVLO pin is rated only to 7
V, it cannot be connected directly to Vin = 12 V. It has to be connected through R1 =1 MQ only, so that the
pull-up current for EN/UVLO pin is limited to < 20 pA.

The power failure threshold is detected on the falling edge of supply. This threshold voltage is 4% lower than
the

rising threshold, VuviLo.This is calculated using Equation 6:

Vprai) = 0.96 x Vuvio (6)
Where Vuvio is 4.3 V, Power fail threshold set is: 4.1 V.
13.2.1.2.4 Setting Output Voltage Ramp Time (tav/ar)

For a successful design, the junction temperature of device must be kept below the absolute-maximum rating
during both dynamic (start-up) and steady state conditions. Dynamic power stresses often are an order of
magnitude greater than the static stresses, so it is important to determine the right start-up time and in-rush
current limit required with system capacitance to avoid thermal shutdown during start-up with and without load.
The ramp-up capacitor Cqviat Needed is calculated considering the two possible cases:

13.2.1.2.4.1 Case1: Start-Up without Load: Only Output Capacitance Cour Draws Current During Start-
Up

During start-up, as the output capacitor charges, the voltage difference as well as the power dissipated across
the internal FET decreases. The average power dissipated in the device during start-up is calculated using
Equation8.

For WP1507, the inrush current is determined using Equation 7:

_ Vin
Iingusn = Cour X : (7)
av/dr

Power dissipation during start-up is given by Equation 8:
Ppanrusey = 0.5 X Viy X Iingush (8)

Equation 8 assumes that load does not draw any current until the output voltage has reached its final value.

13.2.1.2.4.2 Case2: Start-Up with Load: Output Capacitance Courand Load Draws Current During Start-
Up

When load draws current during the turn on sequence, there is additional power dissipated. Considering a
resistive load during start-up (Rysu)), load current ramps up proportionally with increase in output voltage
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during taviet time. The average power dissipation in the internal FET during charging time due to resistive load
is given by Equation9:

p 1 Viy 9
D(Load) — ¢ X Ri(s0) ( )

Total power dissipated in the device during start-up is given by Equation 10:
P D(STARTUP) = P D(INRUSH) T P D(LOAD) (10)

Total current during start-up is given by Equation 11:

Istarrup = linguse + 1L(E)

(11)

If IstarTUP > loL, the device limits the current to lo. and the current limited charging time is determined by
Equation 12:

_ IoL IINRUSH
tav ar(current—Limited) = Cour X Rysyy X r— 1+In — Vi (12)
oL™g
L(SU)

13.2.1.2.5 Support Component Selection—Cy

Cin is a bypass capacitor to help control transient voltages, unit emissions, and local supply noise. A value
10uF is recommended for Cin.

13.2.2 Controlled Power Down using WP1507

When the device is disabled, the output voltage is left floating and power down profile is entirely dictated by
the load. In some applications, this can lead to undesired activity as the load is not powered down to a defined
state. Controlled output discharge can ensure the load is turned off completely and not in an undefined
operational state. The BFET pin in WP1507 facilitates Quick Output Discharge (QOD) function as illustrated
in the following figure. When the device is/gets disabled, the BFET pin pulls low which enables the external P
MOSFET Q1 for discharge feature to function. The output voltage discharge rate is dictated by the output
capacitor Cour, the discharge resistance RpcHg and the load.

Vix Vour
o IN ouT ' o

R

AAA
\AAJ

Rocna

EN/UVLO -,
Cn=10F == Cour =1HF

S
R> g > BFET _I QI
dv/dT

Caviar | ILIM
RIL[M
-|- GND

Circuit Implementation with Quick Output Discharge Function
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14. Power Supply Recommendations

The device is designed for supply voltage range of 4.5V < VIN < 18 V. If the input supply is located more than
a few inches from the device an input ceramic bypass capacitor higher than 10 yF is recommended. Power
supply must be rated higher than the current limit set to avoid voltage droops during over current and short-
circuit conditions.

14.1 Transient Protection

In case of short circuit and over load current limit, when the device interrupts current flow, input inductance
generates a positive voltage spike on the input and output inductance generates a negative voltage spike on
the output. The peak amplitude of voltage spikes (transients) is dependent on value of inductance in series to
the input or output of the device. Such transients can exceed the Absolute Maximum Ratings of the device if
steps are not taken to address the issue.

Typical methods for addressing transients include:

* Minimizing lead length and inductance into and out of the device

* Using large PCB GND plane

+ Schottky diode across the output to absorb negative spikes

* A ceramic capacitor (Cin = 10 uF) to absorb the energy and dampen the transients.

Some applications may require the addition of a Transient Voltage Suppressor (TVS) to prevent transients
from exceeding the Absolute Maximum Ratings of the device.

14.2 Output Short-Circuit Measurements

It is difficult to obtain repeatable and similar short-circuit testing results. Source bypassing, input leads, circuit
layout and component selection, output shorting method, relative location of the short, and instrumentation all
contribute to variation in results. The actual short itself exhibits a certain degree of randomness as it
microscopically bounces and arcs. Care in configuration and methods must be used to obtain realistic results.
Do not expect to see waveforms exactly like those in the data sheet; every setup differs.

15. Evaluation Modules

Evaluation Modules (EVMs) are available to help evaluate the device performance. We have evaluation
modules for different packages, you can contact us at the end to get the evaluation module or schematic.

The module names are listed in the following table.

PACKAGE EVALUATION MODULE

WP1507 DFN-3x3-10L EFUSE EVM V4.0 DFN3X3-10_WP1507
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Layout Guidelines

For best performance, all traces should be as short as possible, the input and output capacitors should be
placed close to the device to minimize the effects that parasitic trace inductances may have on normal and
short-circuit operation. Using wide traces for IN, OUT, and GND will help minimize parasitic electrical effects
along with minimizing the case to ambient thermal impedance.

Layout Example

|

- ] gl ﬂ@

16. Naming Conventions

WP AB CC-D EEE F
WP: WAYON Protection IC;
A: Product Category —1: E-fuse;
B: Maximum Output Current — 5: <5A;

CC: Serial number;

D: Version;
EEE: Package — FEA: DFN-3x3-10L;
F: R-Reel & T-tube;
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17. Package Information

4.5V to 18 V e-Fuse with Blocking FET Control

DFN 3+3-10L

1 MNd :
| . |
]

| {TUUYUU

|
|
|
| nNA0N

Top View

O 0000

Side View

M

£ b

Side View Bottom View

i
lr.’
T
1 2
DETAIL

Pin 1 1D and Tie Bar Mark Options

Mote: The configuration of the Pin 1 identifielis optional,
but must be located within thezone indicated.

DIMENSIONS IN MILLIMETERS

SYMBOL
MIN NOM MAX
A 0.70 0.75 0.80
A1 0.00 - 0.05
A2 0.203REF
0.15 0.25 0.35
2.90 3.00 3.10
2.90 3.00 3.10
D1 2.20 - 2.60
E1 1.45 - 1.90
e 0.50BSC
Nd 2.00BCS
k 0.20 - -
L 0.30 0.40 0.50
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18. Ordering Information

FAULT PACKING
PART NUMBER PACKAGE MARKING*
RESPONSE QUANTITY
WP1507
WP1507-AFEAR - Latch DFN-3x3-10L k/Reel
50 atched 3x%3-10 3k/Ree A XXXX
WP1507
WP1507-BFEAR - Auto R DFN-3x3-10L k/Reel
50 uto Retry 3x%3-10 3k/Ree B XXXX
WP1507
WP1507-CFEAR AV Latch DFN-3x3-10L k/Reel
507-C 6 atched 3x%3-10 3k/Ree C XXXX
WP1507
WP1507-DFEAR AV Auto R DFN-3x3-10L k/Reel
50 6 uto Retry 3x%3-10 3k/Ree D XXXX
WP1507
WP1507-EFEAR 15V Latch DFN-3x3-10L k/Reel
50 5 atched 3x%3-10 3k/Ree E XXXX
WP1507
WP1507-FFEAR 15V Auto Retry DFN-3x3-10L 3k/Reel
F XXXX

* XXXX is variable.

19. Package specification

19.1 Carrier belt

P2 Po_ OF KO
[ N I N, N =
r.u O o—toTto—FI—— o u[
]
\r\ o Jany o f\\ = . =
© N P S N7, ) &
) K
/ A\ / v 10
T Y
MAX5°
’1'-\.
—
AQ

AO0(mm) ’ BO(mm) ‘ KO(mm) ‘ DO(mm) ‘ D1(mm) ‘ PO(mm)

3.20~3.45 3.25~3.45 0.90~1.23 1.50~1.60 1.50~1.75 3.90~4.10

P1(mm) ’ P2(mm) ‘ W(mm) ‘ T(mm) ‘ E(mm) ‘ F(mm)

7.90~8.10 1.95~2.05 11.90~12.30 0.23~0.35 1.65~1.85 5.45~5.55
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19.2 Placement direction

PIN1

19.3 Reels: 13inch

—owil

W1(mm)

329~331 12.4~13.0 1.8~3.1 99.5~100.5 1.5~2.5

Contact Information

No.1001, Shiwan(7) Road, Pudong District, Shanghai, P.R.China.201207
Tel: 86-21-50310888 Fax: 86-21-50757680 Email: market@way-on.com
WAYON website: http://www.way-on.com

For additional information, please contact your local Sales Representative.
WAY BNois registered trademark of Wayon Corporation.

Specifications are subject to change without notice.

The device characteristics and parameters in this data sheet can and do vary in different applications and actual
device performance may vary over time.

Users should verify actual device performance in their specific applications.
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Product Specification Statement

B The product specification aims to provide users with a reference regarding various product parameters,
performance, and usage. It presents certain aspects of the product's performance in graphical form and is
intended solely for users to select product and make product comparisons, enabling users to better understand
and evaluate the characteristics and advantages of the product. It does not constitute any commitment,
warranty, or guarantee.

B The product parameters described in the product specification are numerical values, characteristics, and
functions obtained through actual testing or theoretical calculations of the product in an independent or ideal
state. Due to the complexity of product applications and variations in test conditions and equipment, there may
be slight fluctuations in parameter test values. WAYON shall not guarantee that the actual performance of the
product when installed in the customer's system or equipment will be entirely consistent with the product
specification, especially concerning dynamic parameters. It is recommended that users consult with
professionals for product selection and system design. Users should also thoroughly validate and assess
whether the actual parameters and performance when installed in their respective systems or equipment meet
their requirements or expectations. Additionally, users should exercise caution in verifying product compatibility
issues, and WAYON assumes no responsibility for the application of the product.

m  WAYON strives to provide accurate and up-to-date information to the best of our ability. However, due to
technical, human, or other reasons, WAYON cannot guarantee that the information provided in the product
specification is entirely accurate and error-free. WAYON shall not be held responsible for any losses or
damages resulting from the use or reliance on any information in these product specifications. WAYON
reserves the right to revise or update the product specification and the products at any time without prior notice,
and the user's continued use of the product specification is considered an acceptance of these revisions and
updates. Prior to purchasing and using the product, users should verify the above information with WAYON to
ensure that the product specification is the most current, effective, and complete. If users are particularly
concerned about product parameters, please consult WAYON in detail or request relevant product test reports.
Any data not explicitly mentioned in the product specification shall be subject to separate agreement.

B Users are advised to pay attention to the parameter limit values specified in the product specification and
maintain a certain margin in design or application to ensure that the product does not exceed the parameter
limit values defined in the product specification. This precaution should be taken to avoid exceeding one or
more of the limit values, which may result in permanent irreversible damage to the product, ultimately affecting
the quality and reliability of the system or equipment.

B The design of the product is intended to meet civilian needs and is not guaranteed for use in harsh
environments or precision equipment. It is not recommended for use in systems or equipment such as medical
devices, aircraft, nuclear power, and similar systems, where failures in these systems or equipment could
reasonably be expected to result in personal injury. WAYON shall assume no responsibility for any
consequences resulting from such usage.

B Users should also comply with relevant laws, regulations, policies, and standards when using the product
specification. Users are responsible for the risks and liabilities arising from the use of the product specification
and must ensure that it is not used for illegal purposes. Additionally, users should respect the intellectual
property rights related to the product specification and refrain from infringing upon any third-party legal rights.
WAYON shall assume no responsibility for any disputes or controversies arising from the above-mentioned
issues in any form.
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