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Surge Protected, Single Input, Dual Output Load Switch with OVP

Features

Brief Description

e Single Input, Dual Output Low-Ron Switch
» VBUS to VOUT: 20mQ typ
» VBUS to SYS: 35mQ typ
» Reverse Blocking on Both Switch Paths
¢ Wide Input Voltage Range: 2.7V — 13.2V
» VBUS Abs Max: -6V to 28V
e Surge Protected VBUS
» IEC61000-4-5: > +200V
¢ ESD Protection
» IEC61000-4-2 (Level 4) VBUS
= Contact: +8kV
= Air Gap: +15kV
» HBM: 2kV All Pins
e Integrated Over-voltage Protection (OVP)
» VBUS to VOUT: 13.9V
» VBUS to SYS: 5.25V
e Maximum Continuous Current
» VBUS to VOUT: 3.5A
» VBUS to SYS: 6A
¢ OTG Compatible Power-Up
¢ Dual Enable Control with Independent
Shutdown Control
» Active LOW VBUS to VOUT
» Active HIGH VBUS to SYS
» Active HIGH Shutdown
¢ VBUS detection LDO
¢ VBUS to SYS FLAG
¢ VBUS Active Discharge Control Input
e Over Temperature Protection
e Pb-free 42-Bump, WLCSP 2.71mm x 3.01mm
¢ -40°C to 85°C Operating Temperature Range

The KTS1656 features two low resistance power switches
configured as single input, dual output, change-over
switch. The input to both switches is protected against
VBUS surge voltages of up to +200V, and is also protected
against over-voltage, with preset trip points on both the
VBUS-to-VOUT and VBUS-to-SYS paths, providing
protection to downstream components from abnormal input
conditions.

The main switch (VBUS-to-VOUT) is an active-LOW
enabled, reverse-blocking 3.5A rated MOSFET, with an
OVP trip point of 13.9V. The secondary switch (VBUS-to-
SYS) is an active-HIGH enabled, reverse-blocking, 6.0A
rated MOSFET, with an OVP trip point of 5.25V. The VBUS
input is rated from -6V to 28V.

When VBUS is greater than 2.5V typ, the LDO output
provides an “always ON” power source, regardless of the
OVLO, EN1 and EN2 state, to power downstream
components, thereby permitting operation without an
installed battery.

The KTS1656 also features an active-HIGH SHDN pin to
conserve power and an over-temperature thermal
protection.

The KTS1656 is packaged in advanced, fully “green”
compliant, 2.71 x 3.01lmm, Wafer-Level Chip-Scale
Package (WLCSP).

Applications

e Smartphones and Tablets
e Mobile Internet Devices
e Wearables and other Portable Devices

Typical Application
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Pin Descriptions
Pin # Name |Function
B1-B4, C1-C4, . .
D1-D4, E1-E4 VBUS Input to the power switches and device supply
F1-F4, G1-G4 VOUT Power switch output to load
Al-A4 SYS Power switch output to battery
G5 LDO Regulated output whenever VBUS is present and SHDN is low
Active HIGH CMOS output whenever VBUS-to-SYS path is enabled and not in
A5 FLAG
OVLO
G6 EN2 Active HIGH enable with internal 1IMQ pull-down, for VBUS to SYS path only
F6 EN1 Active LOW enable with internal IMQ pull-down, for VBUS to VOUT path only
A6 SHDN | Active HIGH input with internal IMQ pull-down, for device shutdown
B6 VBUSD Active HIGH analog input to gate of VBUS active discharge FET with internal 1MQ
pull-down
B5, C5, C6, D5, D6, E5,
E6, F5 GND Ground
WLCSP-42
TOP VIEW TOP VIEW
A .' sYs '} .' SYS .' SYS .' SYS ) .' FLAG} .':SHDN‘; O
B ::VBUS‘; ::VBUS‘; ::vsus‘; ::VBUS‘; :: GND:) ::vsuso:,
C | iveust iweusy ieus ::vsus:; iGND} ioND}
D .':VBUS:; ."VBUS:; .':vaus:; .':vsus:; .':GND:) .':GND:) ﬁ §
E .':VBus:; .':VBus:; .':VBus:; ::vsus:; .':GND'; LoND}
F -':VOUT:; -':VOUT:; -':VOUT:; -':VOUT:; -':GND:; -':E_1:;
G ::VOUT:) ::VOUT:) ::VOUT:) ::VOUT:) Lo} :: EN2 }
1 2 3 4 5 6

42-Bump 2.71mm x 3.01mm x 0.62mm
WLCSP Package, 0.4mm pitch

Top Mark
WW = Device ID Code = LA
XX = Date Code, YY = Assembly Code
7777 = Serial Number
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Absolute Maximum Ratings?

(Ta = 25°C unless otherwise noted)

Symbol Description Value Units
VBUS to GND (continuous) -6 to 28
VBUS VBUS to VOUT (continuous) -6 to 28 \%
VBUS to SYS (continuous) -11
VOUT VOUT to GND -0.3 to VBUS+0.3 \%
SYS SYS to GND -0.3t06 \Y,
LSBDII;ILAEC';\”VELNJED SHDN, ENT, EN2, LDO, FLAG, VBUSD to GND -0.3t0o 6 \%
VBUS to VOUT Continuous Current 35 A
VBUS-VOUT Current
VBUS to VOUT Peak Current (5ms) 7.0 A
VBUS to SYS Continuous Current 6.0 A
VBUS-SYS Current
VBUS to SYS Peak Current (5ms) 12.0 A
Ty Operating Temperature Range -40 to 150 °C
Ts Storage Temperature Range -55 to 150 °C
TiLeAD Maximum Soldering Temperature (at leads, 10 sec) 260 °C
ESD and Surge Ratings?
Symbol Description Value Units
VESD_HBM JEDEC JS-001-2017 Human Body Model (all pins) +2 kv
VEsp_cp IEC61000-4-2 Contact Discharge (VBUS) 18 kv
VESD_AGD IEC61000-4-2 Air Gap Discharge (VBUS) +15 kv
VsurGe IEC61000-4-5 Surge (VBUS to GND) +200 \%
Thermal Capabilities®
Symbol Description Value Units
Osa Thermal Resistance — Junction to Ambient 74 °C/W
Po Maximum Power Dissipation at 25°C 1.7 \W
APo/AT Derating Factor Above Ta = 25°C 13.6 mw/°C

Ordering Information

Part Number Marking* OlEEIng Package
Temperature
KTS1656EUY-TR LAXXYYZZZZ -40°C to +85°C WLCSP42

1. Stresses above those listed in Absolute Maximum Ratings may cause permanent damage to the device.

Functional operation at

conditions other than the operating conditions specified is not implied. Only one Absolute Maximum rating should be applied at any one

time.

2. ESD and Surge Ratings conform to JEDEC and IEC industry standards. Some pins may actually have higher performance. Surge ratings
apply with chip enabled, disabled, or unpowered, unless otherwise noted.

3. Junction to Ambient thermal resistance is highly dependent on PCB layout. Values are based on thermal properties of the device when

soldered to an EV board.

4. “LAXXYYZZZZ" is the device ID code, date code, assembly code and serial number.
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Electrical Characteristics®

Unless otherwise noted, the Min and Max specs are applied over the full operation temperature range of
-40°C to +85°C, Vsus = 2.7V to 13.2V. Typical values are specified at room temperature (25°C) with Veus = 5V,

Iveus < 2A, SHDN = EN1 = EN2 = LOW, LDO = OPEN, Cvsus = 0.1pF, Cipo = 4.7uF and Ta = 25°C.

Input
Symbol | Description Conditions Min Typ Max | Units
Veus = 5V, EN1 = EN2 = LOW
(VOUT path normal operation) 220 290
Veus =4V, EN1 = ENZ = HIGH (SYS 380 550
I Input Quiescent Current path normal o_peratlon) A
° P Veus = 5.5V, ENT = EN2 = HIGH, 20 | 320 |
SYS = 0V (SYS path in OVLO)
Veus = 15V, EN1 = EN2 = LOW,
VOUT = 0V (VOUT path in OVLO) 340 | 450
Veus = 5V, SHDN = HIGH, internal
IsHDN Input Shutdown Current 10MQ from VBUS to GND 0.5 1 HA
. . Veus = 5V, SHDN = HIGH,
Rveus_sHpon | Input Resistance in Shutdown resistance from VBUS to GND 5 10 MQ
. Positive Reverse Working Voltage 28
Vin_working | Input Clamp Working Voltage - - \%
Negative Reverse Working Voltage -6
Iin = 10mA, Ta=25°C 30 32 34
VIN_cLAMP Input Clamp Breakdown Voltage \%
Iin = -10mA, Ta =25°C -10 -8 -6
+200V surge, Ta = 25°C 38
VIN_SURGE Input Clamp Surge Voltage \%
-200V surge, Ta = 25°C -6
Vaus Rising 2.25 2.50 2.75 \%
VBus_uvLo Under Voltage Lockout -
Hysteresis 100 mV
OVP VBUS to VOUT
Symbol | Description Conditions Min Typ | Max | Units
VBus = 5V, Ivout = 1A, Ta = 25°C 20 36
Ron.vour | On-Resistance VBUS to VOUT | VBus = 12V, lvour = 1A, Ta = 25°C 20 36 mQ
OTG mode, Vour =5V, lveus = 1A, 20 36
Ta=25°C
Vvout_ovio | Over-Voltage Trip Level Veus Rising, Ta =25°C 13.2 13.9 14.3 \%
OVP VBUS to SYS
Symbol Description Conditions Min Typ Max | Units
Ron_sys On-Resistance VBUS to SYS VBus = 3V, lvsys = 1A, Ta = 25°C 35 45 mQ
Vsys ovio | Over-Voltage Trip Level Vsus Rising, Ta = 25°C 5.0 5.25 55 \%
Isys rB SYS-to-GND Reverse Current Vsys = 4.4V, Veus = 0V, Ta = 25°C 0.1 1 HA
Iveus_rB SYS-to-VBUS Reverse Currents | VSYs = 4.4V, Vaus =0V, Ta = 25°C, 75 2000 pA

measured at VBUS, no ambient light

5. KTS1656 is guaranteed to meet performance specifications over the —40°C to +85°C operating temperature range by design,
characterization and correlation with statistical process controls.

6. Guaranteed by characterization and design.
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Electrical Characteristics (continue)®

Unless otherwise noted, the Min and Max specs are applied over the full operation temperature range of
-40°C to +85°C, Vsus = 2.7V to 13.2V. Typical values are specified at room temperature (25°C) with Veus = 5V,
Iveus < 2A, SHDN = EN1 = EN2 = LOW, LDO = OPEN, Cvsus = 0.1uF and Ta = 25°C.

LDO
Symbol | Description Conditions Min Typ Max | Units
Veus = 5V, ILbo = OmA 3.6 4.0 4.4
Vaus = 15V, ILbo = OmA Taz= 3.6 4.0 4.4
LDO LDO Output Voltage o \
Veus = 5V, Ioo = 100mA | 25°C 3.6 4.0 4.4
Veus = 15V, l.oo = 100mA 3.6 4.0 4.4
ILk_Lpo LDO-to-GND Leakage Current Vipbo =5V, Veus = 0V, Ta = 25°C 0.01 1 A
loo veus | LDO-to-VBUS Leakage Current® \r;fgszrse\é';ijSBGg‘VﬁJggég;fiight 50 | 2000 | pA
VBUS Active Discharge (VBUSD)
Symbol Description Conditions Min Typ Max | Units
Vvsusp= 3V 115 215 315 Q
. . . Vvsusp= 2V 575 Q
Re | e e e [Vmse= 15V o
Vvsusp= 1.4V 1.8 kQ
Vveusp= 1.2V, Ta = 0°C to +85°C 34 5 kQ
VIH_vBUSD VBUSD Input High Voltage Rap < 5kQ, Ta = 0°C to +85°C 1.2 \%
ViL_vBusp VBUSD Input Low Voltage Rap is high-Z 0.5 Y,
RveUSD. PD \F:I:;Jisstlgrlntemal Pull-Down 1 MO
Digital Signals (FLAG, EN1, EN2, SHDN)
Symbol Description Conditions Min Typ Max | Units
VFLAG_oH FLAG Output HIGH Voltage Veus = 5V, EN2 = HIGH 1.65 1.85 2.05 \%
VFLAG_oL FLAG Output LOW Voltage VBus = 5V, EN2 = LOW 0.5 \%
ViH Logic Input HIGH Voltage 1.2
ViL Logic Input LOW Voltage Veus =2.7Vio 132V 0.35 v
ILk_Locic Logic Input Leakage Current Vsus = 5V, VOUT and SYS = Float 5 9 HA
Rep @h ER’\'lazs'i ss{grDN Internal Pull- 1 MQ
Thermal Shutdown®
Symbol | Description Conditions Min Typ | Max | Units
IC Junction Thermal Shutdown 150 °C
ti_tH IC Junction Thermal Shutdown o
Hysteresis 20 €
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Electrical Characteristics (continue)®

Unless otherwise noted, the Min and Max specs are applied over the full operation temperature range of
-40°C to +85°C, Vsus = 2.7V to 13.2V. Typical values are specified at room temperature (25°C) with Veus = 5V,
Iveus < 2A, SHDN = EN1 = EN2 = LOW, LDO = OPEN, Cvsus = 0.1uF and Ta = 25°C.

TIMING CHARACTERISTICS (Figures 1-6)

VOUT
Symbol | Description Conditions Min Typ Max | Units
- - 5
tvouT_ss VOUT Soft-Start Time Time from Veus = Veus uvio to 10% 30 ms
of LDO
. Time from VBus_uviLo
toes_vout VOUT Debounce Time <Vaus<VouT ovio o 10% of Vour 15 ms
. . Vour from 10% of Vsus to 90% of
ton_vout VOUT Switch Turn-on Time Vaus, RL = 100Q, CL = 22F 2 ms
Vsus > Vout_ovLo to Vour stop rising,
torr_vour VOUT Switch Turn-off Time® RL =100Q, no Court, Veus = 5Vbc + 100 ns
200VsureEe, Ta = 25°C
SYS
Symbol Description Conditions Min Typ Max | Units
) Time from Vesus = Veus_uvio to 10%
tsys ss SYS Soft-Start Time of ELAG 30 ms
Time from VBus_uviLo
toEB_sys SYS Debounce Time <VBus<Vout ovLo t0 Vsys rise above 15 ms
10% of Veus
. . Time for Vsys to rise from 10% to
ton_sys SYS Switch Turn-on Time 90% of Veus, Ri = 1000, C. = 224F 2 ms
VBus > Vsys_ovio to Vsys stop rising,
toFF_svs SYS Switch Turn-off Time® RL =100Q, no Csys, Vsus = 5Vpc + 100 ns
200VsurcE, Ta = 25°C
VBUS Discharge (VBUSD)
Symbol Description Conditions Min Typ | Max | Units
. Vour = 5V->0V, Cvsus = 1pF,
tvBuS_VBUSD \T/Erﬂigvﬁrﬂi’m Discharge VBUSD= ENT = 0V->3V, time for 600 Hs
VBus to fall below 0.8V
. Vout =5V, Cvsus = 1pF,
tvBUSD_OFF \T/Erﬂigfvﬁrﬁ'm Discharge VBUSD= ENT = 3V->0V, time for 15 ms
VBus to rise to 10% of Vour
OTG
Symbol Description Conditions Min Typ Max | Units
Vout = 5V, Cvsus = 1pF, RL = 10Q,
tbon_oTe (T).TG Turn-on Delay (Debounce) | &1 — HiGH->LOW, time for Vaus to 15 ms
ime )
rise above 10% of Vour
Vout =5V, Cvsus = 1pF, RL = 10Q,
ton_oTG OTG Turn-on Time EN1 = HIGH->LOW, time for Vgus to 300 us
rise from 10% to 90% of Vout
Vout =5V, Cvsus = 1pF, RL = 1kQ,
tooFF_OTG (T)Jni Turn-off Delay (Debounce) | &1 — | oy HIGH, time for Vaus to 500 us
fall below 80% of Vout
Vout =5V, Cvsus = 1pF, RL = 1kQ,
torr_oTG OTG Turn-off Time EN1 = LOW=>HIGH, time for Vgus to 2 ms
fall from 80% to 10% of Vour
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Timing Diagrams

VBUS-to-VOUT

VU‘('-P_ A
VBUS tocs vour >
VOUT 10% o \_
—P| [ oy yvour
EN1 /
Your ss >

LDO V
10%

Figure 1. VBUS-to-VOUT Timing Power Up/Down and Normal Operation
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VBUS
Your ss
VOUT /
LDO /

Figure 2. VBUS-to-VOUT Timing OVLO Operation (EN1 = LOW)

. tOFF vout t

DEB_VOUT
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Figure 3. LDO Always-ON Timing (EN1 = X, EN2 = X, SHDN = LOW)
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VBUS-t0-SYS
Voo
VBUS tocs svs |
SYS 10% P \_
P [ty s
N
EN2 L
tVOUT_SS ;
LDO 4’
tsvs ss ~ N
FLAG g ~—
10%

Figure 4. VBUS-t0-SYS Timing Power Up/Down and Normal Operation
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Figure 5. VBUS-t0-SYS Timing OVLO Operation (EN2 = HIGH)
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Figure 6. ON/OFF Timing Normal Operation (SHDN = LOW)
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Typical Characteristics

VBus = 5V, Cvsus = 1UF, Cvout = 1uF, Csys = 10uF, Cioo = 4.7uF, Ta = 25°C unless otherwise specified.

Input Supply Current vs. VBUS Voltage (No Load)

Input Supply Current vs. Temperature
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Typical Characteristics (continued)

Vsus = 5V, Cvsus = 1uF, Cvout = 1uF, Csys = 10uF, Cipbo = 4.7uF, Ta = 25°C unless otherwise specified.

Normalized VOUT OVLO vs Temperature Normalized VSYS OVLO Threshold vs Temperature
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b b
() ()
g g
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o o
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[ [
3 3
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[ [
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Normalized Debounce Time vs. VBUS VLDO vs Temperature
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Typical Characteristics (continued)

Veus = 5V, Cvsus = 1UF, Cvout = 1uF, Csys = 10uF, Cioo = 4.7uF, Ta = 25°C unless otherwise specified.

Power-up to VOUT (EN1 = Low) Turn off VOUT (Cvout = 0)

Tek Stop S — Tek Stop | S E—
ey e e ——
___________________ = 4 e
Bl -5V /div Bl 15V /div
_ vouT
:gSf;V 12v/div
D ' D

4.0ms / div

Power-up to VSYS (VBUS = 4V, EN2 = High)

1.0ms / div

+200V VBUS Surge Transient (VOUT path enabled)

Tek Stop | e — Tek Stop | [—ﬁ—]
e v :
JEN2
pf ; 5V / div
VBUS
€ 10V / div
.XSTE_ vouT
12V/dv 5V / div
i Z

4.0ms / div

-200V VBUS Surge Transient (VOUT path enabled)

20us / div

+200V VBUS Surge Transient (SYS path enabled)

Tek Stop_| e — Tek Prevu | e —
VBUS
-1 5V [ div -
. VBUS
10V / div
d
1 vouT
2V / di
[ div svs
2V / div
Fx Fx

10us / div

20ps / div
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Functional Block Diagram

KTS1656

A v
10M :i: ]
T
GND[ Power‘

» DO [——p[]LDO

1

] vouTt
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2
< EN
200 S
b3 »[ ] FLAG
{1 vBUSD

B

Functional Description

The KTS1656 features two low resistance power switches configured as single input, dual output, change-over
switch. The input to both switches is protected against VBUS surge voltages of up to £200V, and is also protected
against over-voltage, with preset trip points on both the VBUS-to-VOUT and VBUS-to-SYS paths, providing
protection to downstream components from abnormal input conditions.

The main switch (VBUS to VOUT) features an active—LOW enabled, reverse-blocking 3.5A rated MOSFET, with
an OVP trip point of 13.9V. The secondary switch (VBUS to SYS) is an active-HIGH enabled, reverse-blocking
6.0A rated MOSFET, with an OVP trip point of 5.25V. The input to both switches is rated up to a maximum of
28V and minimum of -6V and includes a 15ms debounce time, ensuring that the input VBUS input is stable.

When VBUS is greater than the UVLO of typically 2.5V, the LDO output provides an “always ON” power source,
regulated to typically 4.0V, regardless of the status of OVLO, EN1 and EN2, to power downstream components
permitting operation without an installed battery. The LDO can supply up to 100mA of output current.

The KTS1656 can be powered up from VBUS or VOUT to enable operation in systems that support OTG.

The KTS1656 also features an active-HIGH shutdown pin (SHDN) to conserve power, plus over-temperature
thermal protection circuitry with hysteresis.

An active HIGH, CMOS FLAG is asserted whenever the SYS switch is active and is in a normal operating mode.
The FLAG is de-asserted when the SYS switch is OFF due to either EN2 = LOW, VBUS is in UVLO or OVLO,
thermal shutdown or SHDN = HIGH.
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The truth table for KTS1656 is shown in Table 1 below.
Table 1. KTS1656 Truth Table

EN1 EN2 | VOUT | SYS
SHDN | (VOUT) | (SYS)| SW | SW | FLAG LDO
0 0 0 ON OFF LOW ON
0 1 0 OFF OFF LOW ON
0 0 1 ON ON HIGH ON
0 1 1 OFF ON HIGH ON
1 X X OFF OFF LOW OFF
X = Don’t Care

For USB Power Delivery, the KTS1656 features an active discharge for the VBUS node. When the VBUSD
analog input is driven HIGH, VBUS is discharged from as high as 20V to below 0.8V within 650ms, with sufficient
margin for any excess capacitance on VBUS due to the compliance test equipment.

Application Information

Capacitor Selection

The LDO pin requires a capacitor for stabilizing the internal LDO’s operation and storing the charge for load
transients. Use a 4.7uF, 10V rated, low ESR, X5R ceramic capacitor for best performance. If the load on LDO
is less than 20mA, a 2.2uF ceramic capacitor is sufficient to reduce the solution size.

Capacitors on VBUS, VOUT and SYS supply current for transient load and should be sized according to the
transient current requirements. Use X5R ceramic capacitors due to their low variation with temperature and DC
bias. Use 1pF or higher for VBUS and VOUT, and 4.7uF or higher for SYS. To avoid over-voltage stress on
VBUS'’s capacitor during surge, use a 50V rated capacitor.

Recommended Layout
It is recommended to place all capacitors close to the IC and the trace length to VBUS, OUT, SYS or LDO pin
and the IC GND should be minimized.

(@2 0L7505

2707
RREeAT T

s
N

GND Plane
in second
layer
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Packaging Information

WLCSP67-42 (2.71mm x 3.01lmm x 0.620mm)

Top View Side View
0.620mm
+0.043mm

Al Corner

e

UUUUUUUJ

|

Top Side Die Coating

0.025mm
:o.oo3mm_’”‘_

—>

Recommended Footprint
(NSMD Pad Type)

0.40mm

D .
-000000r,,.
000000
000000
000000
000000
000000
000000, _

j
f i

;l

2.40mm

L

0.225mm 0.325mm
Copper Pad 2.00mm Solder Mask
Diameter Opening

* Dimensions are in millimeters.

Bottom View

2.71mm
+0.040mm

»
[l

6Xx
0.400mm

3.01mm
+0.040mm

42x 5x
0.200mm 0.27mm @ 0.400mm
+0.020mm +0.027mm

Kinetic Technologies cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Kinetic Technologies
product. No intellectual property or circuit patent licenses are implied. Kinetic Technologies reserves the right to change the circuitry and

specifications without notice at any time.
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