SLG59H1403C

LENESAS

Dual Input Single Output, 3 A Power Multiplexer

General Description

The SLG59H1403C is designed for OR’ing or manual Power
MUX applications. The part comes with two 3 A rated load
switches that are well suited for a variety of systems having
multiple power sources. The device will automatically detect,
select, and seamlessly transition between available inputs.
Additionally, manual switching between two power rails
allowed.

Features

* Two 3 Aload switches with common output

» Two Integrated VGS Charge Pumps

» Wide operating range: 2.8 V to 22 V

» Adjustable output soft start time (SS)

* Low RDSgy: 52 mQ (typical)

» Adjustable priority
+ Accuracy < 5%

» Adjustable Overvoltage Protection
* Accuracy < +5%

» Channel status indication (ST)

» Undervoltage Lockout

» True Reverse-Current Blocking

* Protected by thermal shutdown and adjustable current
limit

* 1.585 mm x 1.985 mm, 0.4 mm pitch, 20L WLCSP
* Pb-Free / Halogen-Free / RoHS Compliant

Block Diagram

Pin Configurati

on

B C D E

[ PR | [ INT | INT ouT | [ ST |

2 | ov1 b IN1 bl OUT OUT [ ILIM |

3 | ov: D N2 b our ) our I o )

4 | SEL P IN2 o IN2 | OUT GND
20-pin WLCSP

(Bottom View)

En Rt
h 4 A A
ovi B ovio | | uvio |
A 4
Charge g Linear Ramp "—E
Pump d Control
A
II—‘
State Machine
ss I (CL/SC Detection and Over out
Temperature Protection)
SEL
A
Charge - Linear Ramp
Pump d Control "—E
A
o2 h ovio | | uvio |
A
A 4 A 4
] A, TEL, > e
Datasheet Revision 1.02 28-Nov-2023
CFR0011-120-01 Page 1 of 36 © 2023 Renesas Electronics Corporation



SLG59H1403C

LENESAS

Dual Input Single Output, 3 A Power Multiplexer

Pin Description

. Pin . e
Pin # Name Type |[Pin Description
A1 PR Input Analog input which sets the priority to Channel 1. PR is compared to internal reference voltage Vrgf.

Connect to GND if not required.

A2 ov1 Input

Analog input which together with an external resistor divider, is used to set the overvoltage threshold
for Channel 1. OV1 is compared to internal reference voltage Vrgg. If Voy1 2 Vregr, Channel 1 is
turned off and returns to normal operation once V4 < Vrgr. Connect to GND if not used.

A3 ov2 Input

Analog input which together with an external resistor divider, is used to set the overvoltage threshold
for Channel 2. OV2 is compared to internal reference voltage Vgrgg. If Voy2 2 Vgregr, Channel 2 is
turned off and returns to normal operation once Vo < Vrgr. Connect to GND if not used.

A4 SEL Input

Select makes it possible to override the priority and manually select IN2. SEL is compared to internal
reference voltage Vrgg. Connect to GND if not required.

D1,D2,| OUT | Power
D3, D4

B1, B2, Input terminal of load switch Channel 1. Capacitors at IN1 should be rated at a voltage higher than
IN1 Power . .
C1 maximum input voltage ever present.
B3, B4, Input terminal of load switch Channel 2. Capacitors at IN2 should be rated at a voltage higher than
IN2 Power . .
C4 maximum input voltage ever present.
C2, C3,

Output terminal. Capacitors at OUT should be rated at a voltage higher than maximum input voltage
ever present.

E1 ST Output

Status is an open-drain, active LOW output. When asserted HIGH, IN1 is selected. When asserted
LOW, IN2 is selected. Connect to GND if not required.

E2 ILIM | Output

A 1%-tolerance resistor connected between ILIM and GND sets the load switch’s active current limit
for both channels. Please refer to the Setting the SLG59H1403C’s Active Current Limit section

E3 SS Output

Alow-ESR, stable dielectric, ceramic surface-mount capacitor connected from SS pin to GND, sets
the Vo slew rate and overall turn-on time of the SLG59H1403C.

E4 GND GND

Ground connection. Connect this pin to system analog or power ground plane.

Ordering Information

Part Number Type Production Flow
SLG59H1403C WLCSP-20L Industrial, -40 °C to 85 °C
SLG59H1403CTR WLCSP-20L (Tape and Reel) Industrial, -40 °C to 85 °C
Datasheet Revision 1.02 28-Nov-2023
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SLG59H1403C

LENESAS

Dual Input Single Output, 3 A Power Multiplexer

Absolute Maximum Ratings

Parameter |Description Conditions Min. | Typ. | Max. | Unit
VIN[M,2] Maximum Input Voltage -0.3 -- 24 \
Vout Maximum Output Voltage -0.3 -- 24 \Y,
Maximum Overvoltage Pin
Vov1, Vov2 Voltage -0.3 - 6 \%
Maximum Control Input Pin
VpRr, VseL Voltage -0.3 - 6 Vv
Maximum Control Output Pin
Vst Voltage -0.3 - 6 V
Ts Storage Temperature -65 - 150 °C
ESDygm ESD Protection Human Body Model 2000 -- -- \Y
ESD¢cpm ESD Protection Charged Device Model 500 -- -- \Y,
MOSFET IDSpg| Peak Current from Drain to Source For no more than 10 continuous seconds -- -- 3.5 A
out of every 100 seconds
Note: Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Electrical Characteristics
Ta =-40 °C to 85 °C, unless otherwise noted.

Parameter |Description Conditions Min. | Typ. | Max. | Unit
VIN[M,2] Power Switch Input Voltage 2.8 - 22 \Y
Vv Vinp1,2) Undervoltage Lockout Vinp,2 15 25 | 265 | 28 \
IN[1,2](UVLO) | Threshold Vinpzg b 24 255 27 v
Quiescent Current OUT = Open, Vpgr < VRgF; _
a2 (IN[1,2] powering OUT) Vint-Vinal < 1V 300 | 400 | pA
Vout = Vinp1,21 VPR < VRer
’ o 0 15 25 A
ISTBY INM 2 Standby Current IViNt - Vin2l <1V, Tp=25°C H
_IN[1.2] - 1(IN[1,2] not powering OUT) Vour = Vinpt.2p VeR < VREEJ o ~ ~ - A
IVinT - ViNa2l <1V, Tpo=-40°Cto 85 °C
|V|N[1 2] " VOUTl <5V, TA =25°C -1 == 1 HA
IVinp1,21 - VouTl €5 Y,
| Leakage Current from IN[1,2] to OUT Ta=-407Cto85°C ° ° i
eakage Current from ,2]to
INDT 2] Leakage 9 Nz -Vourl S22ViTa=25°C | 1 | - 1 VA
IViNp1,21 - Voutl =22V,
Tp=-40 °C 10 85 °C 35 35 | wA
Ta =25 °C; Ipg =200 mA,; B 50 75 mo
. VpR > VRer; ViNp1,212 9.0V
RDSonp1,2)  |ON Resistance
’ T =-40 °C to 85 °C; Ipg = 200 mA; 3 3 90 mo
Vpr >VRer; ViNp1,212 5.0V
MOISEET Current from IN[1,2] to OUT Continuous -- -- 3 A
TON_DeIay ON Delay Time V|N[1,2](UVLO) T to VOUT Ramp Start 8 - - ms
Datasheet Revision 1.02 28-Nov-2023
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SLG59H1403C

LENESAS

Dual Input Single Output, 3 A Power Multiplexer

Electrical Characteristics (continued)
Ta =-40 °C to 85 °C, unless otherwise noted.

1. Refer to typical Timing Parameter vs. Cgg performance charts for additional information when available.
2. For more information on device behavior during short-circuit conditions please see SLG59H1403C Current Limiting section.
3. See Current Limit Behavior Timing Diagram

Parameter |Description Conditions Min. | Typ. | Max. | Unit
10% VOUT to 90% VOUT Set by External CSS1 Vims
Example: Cgg = 220 nF,
VOUT SR VOUT Slew Rate p Ss ’
SR) Vin1.21= 5 V; CLoap = 2 F; ~ |03 | - |vms
RLOAD =100 Q
VIN[1,2](UVLO) T to 90% VOUT Set by External CSS1 ms
Trotal ON | Total Turn On Time Example: Css = 220 nF,
- V|N[1,2] =5V, CLOAD =2 uF; - 23 - ms
RLOAD =100 Q
VpRr, VseL | Voltage on PR and SEL pins 0 - 5.5 \Y
Vst Voltage on ST pin 0 - 55 \Y
Vovi1,2) Voltage on OV[1,2] Pins 0 - 5.5 \
Vpr, Vov1, Vova, V 1.02 | 1.06 | 1.10 \Y,
VREF Internal Voltage Reference PR: Yov1, Yovz, Vet T
VPR, Vov1, VOV2’ VSEL l« 1.00 1.04 1.08 V
Ipin_Leakage |Pin Leakage Current Vpr: Vov1: Vovz2, VgsT=0V1to 55V -0.1 -- 0.1 MA
tsT Status Pin Signal Delay Transition from Low to High - 1 - us
Recommended Pull Up Resistance
Rst for Status Pin - 6 20 kQ
Fast Reverse Current Detection
VRCB RCB Release Voltage VOUT > VIN[1,2] 0 25 50 mV
t Fast Reverse-current Blocking _ 10 _ s
RCB Response Time H
tSW Switchover time VOUT < V|N[1,2]‘ VSEL < VREF -- 100 -- us
Vv Input Voltage Comparator Vin1 2 Ving 0 280 600 mV
COMP |(Vin2 referenced to V1) Vi1 > Vina, Falling Hysteresis 25 | 35 | 45 | %
RILIM =31.6 kQ 3.0 3.5 4.0 A
Rium = 46.4 kQ 2.0 25 3.0 A
LM Active Current Limit, I5c
R|L|M =85kQ 1.0 1.5 2.0 A
Rium < 1kQ 1.5 25 3.5 A
t|_|M|T2 Current Limit Response Time Fromlps > IacLtoIpsregulated to lac | - 250 -- ps
THERMgy | Thermal shutoff turn-on temperature - 160 - °C
THERMggg | Thermal shutoff turn-off temperature -- 140 -- °C
THERMpueS | Thermal shutoff time -- -- 1 ms
Notes:
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SLG59H1403C

LENESAS

Dual Input Single Output, 3 A Power Multiplexer

SLG59H1403C Normal Operation State Table

Mode Condition PR2Vgegr | SEL2Vgge | OUT ST |Note
VCOMP mode IN1 > IN2 0 IN1 H |Largest Input Voltage Determines Output
VCOMP mode IN1 < IN2 0 IN2 L Largest Input Voltage Determines Output
Priority mode X 0 IN1 H |Select Channel 1 on OUT as priority
Manual Channel X X 1 IN2 L Override priority and select Channel 2 on
Selection mode ouT
SLG59H1403C Fault Operation State Table
Channel 1 Fault Channel 2 Fault
IN1 < Vinquvio) Or | IN2S VN uvio) Or | SELZVger | OUT | ST |Note
OV1 2 Ver OV2 2 Vper
0 0 X } ) Output Behavior Determined by "Normal
Operation State " Table
0 X IN2 L Channel 1 is not valid, switch to Channel 2
0 0 IN1 H Channel 2 is not valid, switch to Channel 1
1 1 0 Hi-Z H Qhann_el 1 and Channel 2 are not valid, output
is in Hi-Z state
X 1 1 Hi-Z H aglected Channel 2 is not valid, output is in
i-Z state

A summary of the SLG59H1403C device operation:

+ If the valid voltages are applied at both inputs and PR is higher than Vrgg, then IN1 will power the output.

+ Ifthe valid voltages are applied at both inputs and PR is lower than Vggg, then the highest input voltage will power the output.

+ If both inputs are not valid, then the output is Hi-Z.

» ST pinindicates which of the inputs is powering output. ST pulled high when IN1 is powering the output or the output is Hi-Z.
ST pulled low when IN2 is powering the output.

» SEL pin can override the PR. When SEL is pulled high IN2 is powering the output.
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SLG59H1403C

LENESAS

Dual Input Single Output, 3 A Power Multiplexer

Timing Diagrams

VCOMP Mode operating timing diagram
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SLG59H1403C RENESAS

Dual Input Single Output, 3 A Power Multiplexer

Switchover operating timing diagram by PR signal
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SLG59H1403C

LENESAS

Dual Input Single Output, 3 A Power Multiplexer

Switchover operating timing diagram by SEL signal
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SLG59H1403C LENESAS

Dual Input Single Output, 3 A Power Multiplexer

Current Limit Behavior Timing Diagram
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SLG59H1403C

LENESAS

Dual Input Single Output, 3 A Power Multiplexer

Typical Performance Characteristics
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SLG59H1403C

LENESAS

Dual Input Single Output, 3 A Power Multiplexer

Typical Turn ON Operation Waveforms
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Figure 1. Typical Turn ON operation waveform for Vyq =5V, Cgg = 220 nF, R gap =100 Q, C; oap = 2 WF
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Figure 2. Typical Turn ON operation waveform for V4 =12V, Cgg = 220 nF, R gpp = 100 Q, C, gaop =2 WF

Datasheet

Revision 1.02

28-Nov-2023

CFR0011-120-01

Page 11 of 36

© 2023 Renesas Electronics Corporation



SLG59H1403C RENESAS

Dual Input Single Output, 3 A Power Multiplexer
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Figure 3. Typical Turn ON operation waveform for Vjy; =22V, Cgg = 220 nF, R gap =100 Q, C, oap =2 UF
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Figure 4. Typical Turn ON operation waveform for Vy; =5V, Cgg = 220 nF, R gap =100 Q, C; oap = 2 WF
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SLG59H1403C RENESAS

Dual Input Single Output, 3 A Power Multiplexer
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Figure 5. Typical Turn ON operation waveform for Vi, =12V, Cgg = 220 nF, R gap =100 Q, C, oap =2 UF
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Figure 6. Typical Turn ON operation waveform for V|y, =22V, Cgg = 220 nF, R gap =100 Q, C, oap =2 UF
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SLG59H1403C RENESAS

Dual Input Single Output, 3 A Power Multiplexer

Switchover Operation Waveforms
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Figure 7. Switchover operation waveform for Vj\qy =12V, V|2 =5V, Cgg =220 nF,PR=0V,
SEL = Low -> High, RLOAD =100 Q, CLOAD =2 [.IF
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Figure 8. Switchover operation waveform for Vjyq =12V, V|2 =5V, Cgs =220 nF,PR=0V,
SEL = ngh -> Low, RLOAD =100 Q, CLOAD =2 IJF
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SLG59H1403C

LENESAS

Dual Input

Single Output, 3 A Power Multiplexer
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Figure 9. Switchover operation waveform for Viyy =3V, Vo =4V, Cgg =220 nF, SEL=0V,
PR = Low -> ngh, RLOAD =100 Q, CLOAD =2 pF
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Figure 10. Switchover operation waveform for Vi =3V, V|yp =4V, Cgs =220 nF, SEL=0V,
PR = ngh -> Low, RLOAD =100 Q, CLOAD =2 pF
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SLG59H1403C

LENESAS

Dual Input Single Output, 3 A Power Multiplexer

Higher Voltage Level Priority Operation Waveforms
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Figure 11. Higher voltage level priority operation waveform for
V|N1 =33 V, V|N2 =5 V, SEL=0 V, PR=0 V, CSS =220 nF, RLOAD =100 Q, CLOAD =2 IJF
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Figure 12. Higher voltage level priority operation waveform for
V|N1 =33 V, V|N2 =5 V, SEL=0 V, PR=0 V, Css =220 nF, RLOAD =100 Q, CLOAD =2 llF (Extended VIEW)
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SLG59H1403C RENESAS

Dual Input Single Output, 3 A Power Multiplexer
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Figure 13. Higher voltage level priority operation waveform for
V|N1 =5 V, V|N2 =3.3 V, SEL=0 V, PR=0 V, CSS =220 nF, RLOAD =100 Q, CLOAD =2 IJF
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Figure 14. Higher voltage level priority operation waveform for
V|N1 =5 V, V|N2 =3.3 V, SEL=0 V, PR=0 V, Css =220 nF, RLOAD =100 Q, CLOAD =2 llF (Extended VIEW)
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SLG59H1403C

LENESAS

Dual Input Single Output, 3 A Power Multiplexer

Active Current Limit Operation Waveforms
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ov1
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Figure 15. Test setup for Active Current Limit Operation
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Figure 16. Active Current Limit operation waveform for Viypq 21 = 3.3 V, Cgg = 220 nF, Ry = 31.6 kQ,
RLOAD =0.68 Q, CLOAD =2 HF
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SLG59H1403C RENESAS

Dual Input Single Output, 3 A Power Multiplexer
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Figure 17. Active Current Limit operation waveform for Vi1 21 = 5 V, Cgs = 220 nF, Ry = 31.6 kQ,
RLoap =1.19Q, CLoap =2 HF
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Figure 18. Active Current Limit operation waveform for Viyjq 2 = 12 V, Cgg = 220 nF, Ry = 31.6 kQ,
RLoap =2.2Q, CLoap =2 WF
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SLG59H1403C RENESAS

Dual Input Single Output, 3 A Power Multiplexer
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Figure 19. Active Current Limit operation waveform for Viyjq 21 = 22 V, Cgg = 220 nF, Ry = 31.6 kQ,
RLoap =4.2 Q, CLoap = 2 F
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Figure 20. Active Current Limit operation waveform for Viypq 21 = 22 V, Cgg = 220 nF, Ry = 31.6 kQ,
Rioap =42 Q, C oap = 2 pF (Extended View)
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SLG59H1403C LENESAS

Dual Input Single Output, 3 A Power Multiplexer

APPLICATIONS INFORMATION

SLG59H1403C Power-Up Considerations

Once V)y1 voltage is valid (VN1 > ViNquvLo) @nd Viyq < Overvoltage lockout level set by OV1) and has priority under V|p, a turn
on delay (Ton_pelay) Will occur and then, for soft start, output voltage start rising with slew rate (VoyT(sr)) set by Css capacitor.
After the total turn on time (Tota_on), SOft start will not be used again for V)4 until it becomes not valid (Ving < ViNquvLo) OF
Vin1 > Overvoltage lockout level set by OV1). When V|, voltage becomes valid (VN2 > VinauvLo) @nd Vinz < Overvoltage lockout
level set by OV2) and Vgg| > VRer, @ turn on delay (Ton_pelay) Will occur again and then, for soft start, output voltage start rising
with slew rate (Voyr(sr)) set by Css capacitor. After the total turn on time (Tota_on), soft start will not be used again for Vi until
it becomes not valid (VN2 < VinauvLo) OF VN2 > Overvoltage lockout level set by OV2). If Vi, becomes valid and selected before
Vour ends rising with VN4, the Vgyt switching procedure to V|, will start after Vo rising has ended with V.

This is an example of power up procedure when V |y is applied before V|\,. In case V3 is applied before V|4 the procedure
will be similar.

Soft Start introduction

The output voltage slew rate can be configured by changing the Cgg capacitance. The Table below shows the typical slew rate
and Trota_on time across Cgg capacitance, Vi1 2), and Temperature from -40 °C to 85 °C for R oap = 100 Q and C pap = 2 pF.

Typical Slew rate and Tyoa_on time across Cgg capacitance, V|y[4,2;, and Temperature from -40 °C to 85 °C for
RLOAD =100 Q and CLOAD =2 |.IF

Ces, uF Vour(sry V/ms Ttotal_on» MS
Vit = 28V1022V| Vin21=28V | Vingz=50V | Vingz =12V | Vinpz =22V
0.1 0.67 15 18 27 42
0.22 0.3 20 27 a7 77
0.47 0.15 29 43 85 147
1.0 0.077 45 68 153 286

Resistor Divider Calculations for Overvoltage Protection and Operating Mode Selection

To set the overvoltage threshold for OV1 and OV2, and Vpg and Vgg levels, a typical voltage divider, illustrated in Figure 21 is

used.
Vinf1,2)
R1
Vovi1,210r VpgOr Vsg(
R2
Figure 21. Typical Resistive Voltage Divider
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In order to calculate the voltage divider, the equation below is used

R2 x (ViNp1,2) - VREF)
R1=

VRer

where:

R1 = calculated resistor value in kQ;

R2 = resistor closest to ground. Recommended R2 value is 5 kQ;

ViNp,2) = Ving or VN2 voltage level at which protection should be triggered;
Vger = Internal voltage reference for OV1, OV2, PR and SEL pins.

Using SLG59H1403C in OR’ing applications

In the case of OR'’ing two supplies, if both power rails are valid, then the higher voltage is passed to the output. If one of the power
rails suddenly disappears, then output OUT is automatically switched to the other available power rail. If both power rails have
equal voltage levels, then based on the Vcomp spec, IN2 has higher priority and will be switched to OUT. If V|, falls below the
Vcowmp Hysteresis, then IN1 will switch to OUT. To set SLG59H1403C in OR’ing mode, connect the PR and SEL pins to GND or
VPR and VSEL should be < VREF'

OV1 and OV2 with external resistors connected to IN1 and IN2 respectively can be configured to provide overvoltage protection.

The ST pin can be pulled high with a resistor to provide feedback on the status of the system. If the ST pin is high, IN1 is the
output or the output is Hi-Z. If the ST pin is low, IN2 is the output.

VIN1

Vinz
Priority _ IN1 IN1
Source
IN2
| |
Figure 22. Vcopp Priority Source Selection
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PS1 * IN1 ouT

CLOAD %RLOAD

% R1 PR
_Tl__ Veuw_up

OVl SEI— PULL_UP
1— 1ROOk - NICU
R2 ST GPIO

PS2 IN2 ILIM jj
Rium
R3

i

ov2 SS

CSS

GND

- 1

Figure 23. Connection diagram of using SLG59H1403C in OR'ing applications
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Using SLG59H1403C in manual power rail selection applications

In the case of using the SLG59H1403C in a manual power rail selection application, an external voltage = Vggr should be applied
at the PR pin through a pull up resistor. If Vpr 2 VRgr and Vgg < Vrgr, then IN1 will be selected. By toggling Vg = Vrgr, IN2
will be selected.

OV1 and OV2 with external resistors connected to IN1 and IN2 respectively can be configured to provide overvoltage protection.

The ST pin can be pulled high with a resistor to provide feedback on the status of the system. If the ST pin is high, IN1 will be at
output or the output is Hi-Z. If the pin is low, IN2 will be at output.

Veuu_up
Reuul_up
100k
PS1 IN1 ouT T
Veuw_up Cionp Rioap
PR Reu_up :l:
R1 100k = =
ov1 SEL l Geio | McU
R2 ST GPIO
PS2 ’ IN2 ILIM jj
RILlM
R3
ov2 55 —_T
R4 I

GND
Figure 24. Connection diagram of using SLG59H1403C in manual power rail selection applications
Using SLG59H1403C in manual power rail selection applications with priority
In the case of using SLG59H1403C in applications where automatic and manual switching is required, the PR pin must be
connected through an additional voltage divider (R5, R6) to IN1. The typical connection diagram for this application is illustrated
in Figure 25. When V) falls to induce Vpg < Vggr and Vgg| < Vrer, SLG59H1403C will operate in VCOMP mode and largest

voltage will be on the output. If Vgg| = Vrer then IN2 will be selected.

OV1 and OV2 with external resistors are connected to IN1 and IN2 respectively and can be configured to provide overvoltage
protection.

The ST pin can be pulled high with a resistor to provide feedback on the status of the system. If the ST pin is high, IN1 will be at
the output or the output is Hi-Z. If the pin is low, IN2 will be at the output.
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PS1 IN1 ouT 1T
Veui_up Cionp Rioap
PR Reui_up 1: —
100k = -
MCU
ovi1 SEL l GPIO
ST GPIO
PS2 IN2 ILIM
Rium
R3
ov2 SS
R4 p— CSS

GND
3 JT_ e

Figure 25. Connection diagram of using SLG59H1403C in manual power rail selection applications with priority using
separate voltage dividers

An alternative connection diagram with a common voltage divider R1, R2, R3 shown in Figure 26 can be used but caution must
be used to make sure that the voltage on the PR and OV1 pins will not exceed the Absolute Maximum Ratings spec, otherwise

SLG59H1403C can be damaged. If this condition cannot be met, separate voltage dividers shown in Figure 25 should be used
instead.
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Veuw ue % Cionp Rioap

PS1 IN1 ouT
R1
PR
R2
ov1 SEL
R3 ST
PS2 . IN2 ILIM
R4
oV2 sS
R5

GND
- <

ReuiL_up .
100k -
GPIO MCU
GPIO
Rium
Css

Figure 26. Connection diagram of using SLG59H1403C in manual power rail selection applications with priority using

common voltage divider
Resistor divider for this type of application solution is calculated in two steps:

1. Calculate voltage divider section for OV1 threshold:

R3 x (Vin1 - VREF)

Rcommon = v
REF

where:

Rcommon = calculated common resistance value for R1 + R2 in kQ;

R3 = resistor closest to ground. Recommended R3 value is 5 kQ;

VN1 = Ving Voltage at which overvoltage protection should be triggered;
Vger = Internal voltage reference for OV1 pin.

2. Calculate voltage divider section for priority threshold:

(Rcommon * R3) x (VN1 - VReF)

R1 =
ViN1
R2 = Rcommon - R1
Datasheet Revision 1.02 28-Nov-2023
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where:

Rcommon = calculated common resistance value for R1 + R2 in kQ;
R1, R2 = resistors near PR pin;

R3 = resistor closest to ground. Recommended R3 value is 5 kQ;
VN1 = Ving Voltage at which PR threshold should be triggered,;
Vger = Internal voltage reference for OV1 and PR pins.

SLG59H1403C Current Limiting

The SLG59H1403C has two modes of current limiting

1. Standard Current Limiting Mode (with Thermal Protection)

The output current is initially limited to the Active Current Limit specification given in the Electrical Characteristics table. The
current limiting circuit is very fast and responds within a few micro-seconds to sudden loads. When overload is sensed, the current

limiting circuit increases the FET resistance to keep the current from exceeding the Active Current Limit.

The ACL level can be adjusted by choosing the appropriate £1 %-tolerance R, s value and can be calculated by the following
equations:

For Ry jm range from 31.6 kQ to 100 kQ:
IACL =69.1/ R||_|MO'861

where:

Riuim = Resistor on ILIM pin, in kOhms (kQ)

However, if an overload condition persists, the die temperature rise due to the increased FET resistance while at maximum current
can activate Thermal Protection. If the die temperature exceeds the THERMqy specification, the FET is shut completely OFF,

allowing the die to cool. When the die cools to the THERMqggr temperature, the FET is allowed to turn back on. This process may
repeat as long as the overload condition is present.

2. Short Circuit Current Limiting Mode (with Thermal Protection)

In the case of a hard short (Rgyort 2 0.5 Q), such as a solder bridge on the power rail, the current is limited to protect the chip.
Thermal Protection is also present and may be activated during Short Circuit Current Limit protection operation.
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Fast Reverse Current Blocking (RCB)

Each channel has Always ON Reverse Current Blocking. If the output is forced above the selected input by V|gcg, the channel
will switch off to stop the reverse current Igcg within tgcg. As the output falls to within the Vrcg of Vi, the selected channel will
quickly turn back on to avoid unnecessary voltage drops during fast switchover (tgy) -

VIN

Vour /

|
|
| <+ tsw i“
| |
> ’ v
0 A—-——————— : : T T
Ircs N | : :
I -
Do Pt
Figure 27. Reverse Current Blocking Behavior
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Power Dissipation

The junction temperature of the SLG59H1403C depends on factors such as board layout, ambient temperature, external air flow
over the package, load current, and the RDSN-generated voltage drop across each load switch. While the primary contributor
to the increase in the junction temperature of the SLG59H1403C is the power dissipation of its load switches, its power dissipation
and the junction temperature in nominal operating mode can be calculated using the following equations:

PDroTaL = (RDSonp1,21 X Ips1,2%)
where:

PDtoT1aL = Total package power dissipation, in Watts (W)
RDSonj1,21 = Channel 1 and Channel 2 load switch ON resistance, in Ohms (Q), respectively
Ipsp1,21 = Channel 1 and Channel 2 Output current, in Amps (A), respectively
and
Ty=PDrotaL X 6)a+ Ta
where:
T, = Die junction temperature, in Celsius degrees (°C)
0, = Package thermal resistance, in Celsius degrees per Watt (°C/W) — highly dependent on pcb layout
Ta = Ambient temperature, in Celsius degrees (°C)
In nominal operating mode, the SLG59H1403C’s power dissipation can also be calculated by taking into account the voltage drop
across each load switch (Vinj1,2- Vout) and the magnitude of that channel’s output current (Ipspq,2)):
PDrotaL = (Vinp1,21- VouT) X Ipspi,2)
PDrotaL = (ViNg1,2] - (RLoap X Ipsy1,2))) X Ipsy1,2]
where:
PDrotaL = Total package power dissipation, in Watts (W)
Vinp1,2) = Channel 1 and Channel 2 Input Voltage, in Volts (V), respectively
Rioap = Output Load Resistance, in Ohms (Q)
Ipsp1,21 = Channel 1 and Channel 2 output current, in Amps (A), respectively
Vout = Output voltage, or R oap X Ipsy1,2]
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Layout Guidelines:

1. Since the IN[1,2] and OUT pins dissipate most of the heat generated during high-load current operation, it is highly
recommended to make power traces as short, direct, and wide as possible. A good practice is to make power traces with an
absolute minimum widths of 15 mils (0.381 mm) per Ampere. A representative layout, shown in Figure 28, illustrates proper
techniques for heat to transfer as efficiently as possible out of the device;

2. To minimize the effects of parasitic trace inductance on normal operation, it is recommended to connect input Cyy;1, o) and output
Coap low-ESR capacitors as close as possible to the SLG59H1403C's IN[1,2] and OUT pins;

3. The GND pin should be connected to system analog or power ground plane.

SLG59H1403C Evaluation Board:

A High Voltage GreenFET Evaluation Board for SLG59H1403C is designed according to the statements above and is illustrated
on Figure 28. Please note that evaluation board has IN[1,2]_Sense and OUT_Sense pads. They cannot carry high currents and
dedicated only for RDSgy1,2) evaluation.

SEL

0U2 Settings
3.3V sV 12V

= .
- ¥ +
(=] - -
=] e = *
xK:-c

2uF 100uF 100uF 100

v
(-4
-
o
1R
(=
=
w
-

100

ILIM Array
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ialo
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Figure 28. SLG59H1403C Evaluation Board
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Figure 29. SLG59H1403C Evaluation Board Schematic

Basic EVB Configuration

1. Connect oscilloscope probes to IN[1,2], OUT, ST etc.;

2. Connect jumpers on X1-X3 and X4-X6 to configure overvoltage protection threshold for Channel 1 and Channel 2 respectively.
Jumpers for OV[1,2] Settings sets the typical operating input voltage, and the overvoltage protection threshold will be 20% higher
than that setting. For example, if jumper for OV1 Settings is located at 3.3 V position — overvoltage threshold is 3.96 V, and etc.
3. Connect jumpers on X7-X9 to configure the PR level. Jumper for PR Settings sets the typical operating input voltage in Priority
mode. If the input voltage falls below the typical operating voltage level by around 4%...5%, Vpgr will be lower than Vggr and
SLG59H1403C will operate in VCOMP mode.

4.Configure SS and ILIM using X20 and X21 respectively. For more information, please refer to the Soft start introduction section
and SLG59H1403C Current Limiting section in this Datasheet.

5. Select the desired operation mode using X15, X22 and connect a Pull-Up resistor to ST pin using X16. For more information
regarding different operation modes please refer to the SLG59H1403C Normal Operation State Table in this datasheet.

6. Logic High for the SEL pin configuration is connected to the PR pin signal. This means that in order to apply a High state to
the SEL pin, it needs to apply logic High to the PR signal first. Such a configuration allows it to work in manual channel selection
mode to switchover between Channel 1 and Channel 2 regardless of voltage levels on V(4 2.
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Package Drawing and Dimensions
20 Lead WLCSP Package 1.985 mm x 1.585 mm

OJaaa]c] (2x)
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A =] D3 0.1925 | - - | 00076 | -
[OE(Marking) VIEW PNEEEDIEE E1 16000 | - — |oo0s30| -
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1. CONTROLLING DIMENSION : MILLIMETER. " ’\ENESAS
STATUS:
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TERMINAL FINISH:
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4. THE SOLDER BALL SIZE PRIOR REFLOW IS 210 UM. PACKAGE OUTLINE
REV: | REVISION NOTE:
A NEW DRAWING
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Recommended Landing Pattern
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Tape and Reel Specifications

WLCSP
20L
1.585 x
1.985mm,
0.4P
Green

1.585x1.985

20 x 0.47 mm

3,000 3,000 178/60 100 400 100 400 8 4

Carrier Tape Drawing and Dimensions

1.585 x
1.985 mm, 1.77 2.1 0.75 4 4 15 1.75 3.5 8 0.25
0.4P Green
Do Po B T
] i

4+ 3 =

7 G} o

-

y w oy

5 z ] Q

a—- -—}:+ = + L 3 -+ = H 2
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Note: 1.Orientation in carrier: Pin1 is at upper left corner (Quadrant 1). Refer to EIA-481 specification

Recommended Reflow Soldering Profile

Please see IPC/JEDEC J-STD-020: latest revision for reflow profile based on package volume of 0.9595 mm? (nominal). More
information can be found at www.jedec.org.
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Revision History

28-Nov-2023 1.02 Fixed scopeshot captions for Figures 16-20
25-Aug-2022 1.01 Fixed Pin Description for IN1
15-Jul-2022 1.0 Production Release
Datasheet Revision 1.02 28-Nov-2023

CFR0011-120-01 Page 36 of 36 © 2023 Renesas Electronics Corporation



IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
www.renesas.com office, please visit www.renesas.com/contact-us/.
Trademarks

Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered
trademarks are the property of their respective owners.

© 2025 Renesas Electronics Corporation. All rights reserved.


https://www.renesas.com/contact-us
https://www.renesas.com

