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SEMICONDUCTOR

A Low Power, 10 mQ, 2 A, 0.82 mm? WLCSP

Integrated Power Switch with Multiple Protection Features

General Description

The SLG59M1685C is a self-powered, high-performance, 2 A
capable, single-channel integrated power switch designed for
high-side power control applications up to 2 A. This
feature-rich nFET IPS has been performance-optimized for all
small form-factor, battery-powered applications including
smartphones, tablet/notebook PCs, and GPS devices.

Operating from 1.3 V to 3.6 V supplies, the SLG59M1685C’s
RDSgy is 10 mQ and its protection-feature set includes Vg
undervoltage lockout, two-level current-limit, thermal
shutdown, and fast Vo1 discharge. With a fixed Vot slew
rate of 2.7 V/ms (adjustable via metal mask from 0.3 V/ms to
10 V/ms), inrush currents at V| are predictable and the IPS is
designed to drive C| ppps up to 500 pF.

Using Dialog’s proprietary MOSFET IP, the SLG59M1685C
achieves a stable RDSgy across a wide input voltage range.
Fully specified over the -40 °C to 85 °C temperature range, this
advanced nFET IPS is available in a 6-ball WLCSP measuring
0.71 mm x 1.16 mm x 0.5 mm with 0.35mm pitch.

Features
» High-performance nFET Design:
+ Low Typical RDSgy: 10 mQ
» Steady-state Operating Current: 2 A
+ Operating V|y Range: 1.3V <sV,y<3.6V
* Fixed Vour Slew Rate: 2.7 Vims at V| = 3.6 V
» Two-stage Overcurent Protection
» Fixed 2.7 A Active Current Limit
» Fixed 0.7 A Short-circuit Current Limit
» Fast Vgyt Discharge
* Thermal Shutdown Protection
*  ON/OFF Control: Active HIGH
* Pb-Free / Halogen-Free / RoHS compliant WLCSP
* 6pin 0.71 mm x 1.16 mm, 0.35 mm pitch
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Applications
*  Smartphones
* Tablet and Notebook PCs
* GPS Devices
* Portable POS Terminals
« Portable Bar-code Scanners
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Integrated Power Switch with Multiple Protection Features

Pin Description

Pin #

Pin Name

Type

Pin Description

A2, B2

VIN

Power/
MOSFET

With an internal 1.07 V V|N(UV|_O) threshold, VIN supplies the power for the operation of the
IC’s internal control circuitry. This terminal is also the drain terminal connection of the
n-channel MOSFET. Connect a 1 yF (or larger) low-ESR capacitor from this pin to ground.
Capacitors used at the VIN terminal should be rated at 10 V or higher.

A1, B1

VOUT

MOSFET

Source terminal connections of the n-channel MOSFET. Connect a low-ESR capacitor from
this pin to ground and consult the Electrical Characteristics table for recommended C| oap
range. Capacitors used at VOUT should be rated at 10 V or higher.

C2

ON

Input

A low-to-high transition on this pin initiates the operation of the SLG59M1685C’s state
machine. ON is an asserted HIGH, level-sensitive CMOS input with ON_V,_< 0.25 V and
ON_V|4 > 0.85 V. While there is an internal pull-down circuit to GND (~6 MQ), connect this
pin to a general-purpose output (GPO) of a microcontroller, an application processor, or a
system controller.

C1

GND

GND

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

Ordering Information

Part Number Type Production Flow
SLG59M1685C WLCSP 6L Industrial, -40 °C to 85 °C
SLG59M1685CTR WLCSP 6L (Tape and Reel) Industrial, -40 °C to 85 °C
Datasheet Revision 1.00 23-Oct-2018
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A Low Power, 10 mQ, 2 A, 0.82 mm? WLCSP
Integrated Power Switch with Multiple Protection Features

Absolute Maximum Ratings

Parameter |Description Conditions Min Typ. | Max. | Unit
Vi to GND g?\lvaer Switch Input Voltage to 03 _ 5 v
Vourto GND (Pac’)\leer Switch Output Voltage to 03 _ 5 v
ON to GND |ON Pin Voltage to GND -0.3 - 5 \%
Ts Storage Temperature -65 - 150 °C
ESDygm ESD Protection Human Body Model TBD - - \
ESDcpm ESD Protection Charged Device Model TBD -- -- \Y,
MSL Moisture Sensitivity Level 1
0.71 x 1.16 mm 6L WLCSP; Determined
0 Package Thermal Resistance, using 0.5 in2, 1 oz .copper pads under _ 84 _ SC/W
JA Junction-to-Ambient each VIN and VOUT terminal and FR4
pcb material.
Maximum Junction o
Tamax Temperature - 150 - c
Maximum pulsed switch current, pulse _ .
MOSFET IDSpk|Peak Current from VIN to VOUT width < 1 ms, 1% duty cycle 4 A
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
1.3V <=V|y=£3.6V;Ty=-40°C to 85 °C, unless otherwise noted. Typical values are at Ty = 25°C
Parameter |Description Conditions Min. Typ. Max. Unit
Power Supply and MOSFET Input _
Vin (Drain) Voltage 1.3 36 v
VN Rising Undervoltage Lockout
y Threshold Vin T 0.95 1.07 1.29 \Y
IN(UVLO) X
V|n Falling Undervoltage Lockout
Threshold Vin L 0.90 1.04 1.22 \Y
) VN = 1.3V; ON = HIGH; No load - 66 83 MA
N Quiescent Supply Current
VN = 3.6 V; ON = HIGH; No load -- 83 100 MA
13< V|N <3.6 V, ON = LOW,
Iinorry  |OFF Mode Supply Current No load - 0.005 22 MA
MOSFET IDS|Current from VIN to VOUT Continuous - -- 2 A
;I'A ==2051C'3A;\ 1.3sV|ys36V, _ 10 13 mo
RDSoy  |ON Resistance _II_DS 85.°C T35V <36V
A= s T3S VINS o0V, -
los = 0.1A 12 16 mQ
1.3sV)ys36V;V = GND;
lreT oFr |MOSFET OFF Leakage Current | S~ LISW out - | 0005 | 22 A
| Active Current Limit, [acp Vout>0.25V 2.05 27 3.5 A
UMIT T Short-circuit Current Limit, Igg, Vour < 0.25 V - 07 - A
TacL Active Current Limit Response Time |lps > IacL - 10 - Ms
Datasheet Revision 1.00 23-Oct-2018
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Electrical Characteristics (continued)
1.3V<=V|y=£3.6V;Ty=-40°Cto 85 °C, unless otherwise noted. Typical values are at Ty = 25°C

Parameter |Description Conditions Min. Typ. Max. Unit
TscL _?ir:Tc])ét-Clrcwt Current Limit Response Ips > lscL - 15 _ us
50% ON to 10% Vout 1;
VIN =1.3 V; RLOAD =10 Q, 0.75 1.05 1.5 ms
C =30 pF
Ton_Delay |ON Delay Time LoD = > 1
- 50% ON to 10% Vourt 1;
ViN=3.6V;R poap=100Q, 0.65 1.0 1.4 ms
Croap =30 UF
10% VOUT to 90% VOUT 1
ViN=1.3V;Rpoap=100Q, 0.98 1.7 265 | Vims
C =30 pF
VOUT(SR) Slew Rate LSAD H o
10% VOUT to 90% VOUT 1
ViN=3.6V;R oap=100Q, 1.55 27 4.2 Vims
CiLoap = 30 uF
50% ON to 90% Voyut 15
V|N =1.3 V, RLOAD =10 Q, 1.1 1.6 2.2 ms
C =30 uF
Ttotal on | Total Turn On Time LOAD H
- 50% ON to 90% VOUT T;
V|N =3.6 V; RLOAD =10 Q, 1.45 2.1 2.7 ms
Croap =30 uF
0, .
50 A;_ON to.VOUT Fa_II Start; 95 o5 40 us
. VIN =13 V, RLOAD =10 Q, no CLOAD
TorF_pelay |OFF Delay Time
- 50% ON to Vgt Fall Start; 55 9 12 s
ViN=3.6V;Rioap=10Q,10 Cloap | H
CLoap Output Load Capacitance C\oap connected from VOUT to GND -- 30 500 uF
RpiscHre | Output Discharge Resistance 1.3=V|ys36V;Voyr<04V - 160 210 Q
ON_V|4 |ON Pin Input High Voltage 0.85 - VN \Y
ON_V|_.  |ON Pin Input Low Voltage -0.3 0 0.25 \%
Thermal Protection Shutdown 0
THERMoN | Threshold - 135 - ¢
THERMopr | Thermal Protection Restart Threshold - 115 -- °C
THERMggg | Thermal Protection Hysteresis -- 20 -- °C
Datasheet Revision 1.00 23-Oct-2018
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Ttotal ON» TON_Delay @nd Slew Rate Measurement
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Typical Performance Characteristics

RDSgy vs. Temperature, and V|y
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Integrated Power Switch with Multiple Protection Features

Iin vs. Viy and Temperature
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linoFF) Vs- Vin and Temperature

0.820

0.75

[
ON=0V

To=85°C

0.70

0.65

0.60

0.55

0.50

0.45

5

liniorry HA

o
w
]

0.30

0.25

0.20

0.15

0.10

0.05

n_—

0.00

1 11 12 13 14 15 16 17 18 19

Datasheet

2 21 22 23 24 25 26 27 28 29 3

Vi V

Revision 1.00

Taz25°C

=N T,=-40"C

31 32 33 34 35 36 37 38

23-Oct-2018

CFR0011-120-01

Page 8 of 23

© 2018 Dialog Semiconductor



SLG59M1685C

¢Jdialog

SEMICONDUCTOR

A Low Power, 10 mQ, 2 A, 0.82 mm? WLCSP
Integrated Power Switch with Multiple Protection Features

Timing Diagram - Active Current Limit & Thermal Protection Operation
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Typical Turn-on Waveforms
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Figure 1. Typical Turn ON operation waveform for Viy = 1.3V, C_ oap = 30 uF, R pap =10 Q
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Figure 2. Typical Turn ON operation waveform for V= 3.6 V, C_ oap = 30 pF, R oap =10 Q
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Typical Turn-off Waveforms
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Figure 3. Typical Turn OFF operation waveform for Vy = 1.3 V, R_gap =10 Q, no C, gap-
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Figure 4. Typical Turn OFF operation waveform for Viy = 1.3V, C oap = 30 UF, R oap =10 Q
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Figure 5. Typical Turn OFF operation waveform for Viy = 3.6 V, R_oap = 10 Q, no C, gap.
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Figure 6. Typical Turn OFF operation waveform for V| =3.6 V, C| oap = 30 pF, R_oap =10 Q
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Typical ACL and Thermal Protection Operation Waveform
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Figure 7. Typical ACL and Thermal Protection operation waveform for Vi = 3.6 V, C, gap = 30 UF, R oap = 0.5 Q
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Applications Information

SLG59M1685C Power-Up/Power-Down Sequence Considerations

During power-up operation, the SLG59M1685C’s internal circuitry is activated once V| reaches 1.07 V. Once V| has reached
90% of its steady-state value (and within the SLG59M1685C’s nominal supply voltage range of 1.3 V to 3.6 V), the ON pin can
then be toggled LOW-to-HIGH to close the switch.

A nominal power-up sequence is to apply V| first and then toggling the ON pin LOW-to-HIGH after V| is (at a minimum) > 1.07 V
or at least 90% of its final value.

A nominal power-down sequence is the power-up sequence in reverse order.

If V|y and ON are applied at the same time, a voltage glitch may appear on the output pin at Vo1. To prevent glitches at the
output, it is recommended to connect at least 1 uF capacitor from the Vo1 pin to GND and to keep V,y ramp times higher than
2 ms.

As illustrated in the typical performance transient scope captures, the Vo1 output follows a linear ramp when the power switch
is turned on.

If ON and VIN are tied together and powered up, the IPS can be turned on, but the behavior may differ from datasheet specifica-
tions.

SLG59M1685C Current Limiting Operation
The SLG59M1685C has two types of current limiting triggered by the output (VOUT) pin voltage.
1. Standard Current Limiting Mode (with Thermal Shutdown Protection)

When Vgyt > 250 mV, the output current is initially limited to the Active Current Limit (Iac) ) specification listed in the Electrical
Characteristics table. The ACL monitor’s response time is very fast and is triggered within a few microseconds to sudden (tran-
sient) changes in load current. When a load current overload is detected, the ACL monitor increases the FET resistance to keep
the current from exceeding the power switch’s Ip¢, threshold.

However, if a load-current overload condition persists where the die temperature rises because of the increased FET resistance,
the power switch’s internal Thermal Shutdown Protection circuit can be activated. If the die temperature exceeds the listed
THERMgy specification, the FET is shut OFF completely, thereby allowing the die to cool. When the die cools to the listed
THERMqggg temperature threshold, the FET is allowed to turn back on. This process may repeat as long as the output current
overload condition persists.

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

When Vgoy1 < 250 mV (which is the case with a hard short, such as a solder bridge on the power rail), the power switch’s internal
Short-circuit Current Limit (SCL) monitor limits the FET current to approximately 500 mA (the Ig¢g threshold). While the internal
Thermal Shutdown Protection circuit remains activated and since the Ig¢ threshold is much lower than the I5¢, threshold, thermal
shutdown protection may become activated only at higher ambient temperatures.

For more information on Dialog GreenFET3 integrated power switch features, please visit our Documents search page at our
website and see App Note “AN-1068 GreenFET3 Integrated Power Switch Basics”.

Datasheet Revision 1.00 23-Oct-2018
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Power Dissipation

The junction temperature of the SLG59M1685C depends on different factors such as board layout, ambient temperature, and
other environmental factors. The primary contributor to the increase in the junction temperature of the SLG59M1685C is the power
dissipation of its power MOSFET. Its power dissipation and the junction temperature in nominal operating mode can be calculated
using the following equations:

Pp = RDSop X Ipg?

PD = RDSON X ID32 + VIN X ||N

where:

Pp = Power dissipation, in Watts (W)

RDSpy = Power MOSFET ON resistance, in Ohms (Q)
Ips = Output current, in Amps (A)

VN = Applied Supply Voltage, in Volts (V)

Iin = IC’s Supply Current, in Amps (A)

and

TJ=PDX6JA+TA

where:

T, = Junction temperature, in Celsius degrees (°C)
0,5 = Package thermal resistance, in Celsius degrees per Watt (°C/W)
Ta = Ambient temperature, in Celsius degrees (°C)

In current-regulation mode, SLG59M1685C power dissipation can be calculated by taking into account the voltage drop across
the power switch (V| - VoyTt) and the magnitude of the output current in current-regulation mode (Iacy):

Pp = (Vin-VouT) X lacL

Pp = (Vin - (RLoap X lacL)) X acL

where:

Pp = Power dissipation, in Watts (W)

V|N = Input Voltage, in Volts (V)

RLoap = Load Resistance, in Ohms (Q)
IacL = Output regulated current, in Amps (A)
Vout = Rioap X lacL in Volts (V)

Datasheet Revision 1.00 23-Oct-2018
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Layout Guidelines:

1. Since the VIN and VOUT 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 8, 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 Cjy and output
CLoap low-ESR capacitors as close as possible to the SLG59M1685C's VIN and VOUT pins;

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

SLG59M1685C Evaluation Board:

A GFET3 Evaluation Board for SLG59M1685C is designed according to the statements above and is illustrated on Figure 8.

Please note that evaluation board has D_Sense and S_Sense pads. They cannot carry high currents and dedicated only for
RDSy evaluation.

D_BENBE &_BENSE
© Silego Technology

GFET3 Evaluation Board #14

Figure 8. SLG59M1685C Evaluation Board.
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oM

VLOGIC GND GND GND

[ O I O

— — — || _— _— —

4“|.
Dm U1 =
Ejon oD (g
2l WVIN VouT + 4
C1 = 10uF
- 1uF RL RL
(N N O N O L] (I N O N O L]
GMND D/AVIN D_SENSE GND SNVOUT S _SENSE

Figure 9. SLG59M1685C Evaluation Board Connection Circuit.

Basic Test Setup and Connections

00O

GND GND GND
ON

[c=-]

Oscilloscope

u1

|_
= %) |
|| =z g
Power Supply RLOAD
@© ]
[ 1 pd Z !
(W) O]
GFET3 Evaluation Board #14
Figure 10. Typical connections for GFET3 Evaluation.
EVB Configuration
1.Connect oscilloscope probes to VIN, VOUT, ON, etc.;
2.Turn on Power Supply and set desired V| from 1.3 V...3.6 V range;
3.Toggle the ON signal High or Low to observe SLG59M1685C operation.
Datasheet Revision 1.00 23-Oct-2018
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Package Top Marking System Definition

‘ Serial Number Code
Pin A1 Identifier

NNN - Serial Number Code Field'

Note 1: Each character in code field can be alphanumeric A-Z and 0-9
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Package Drawing and Dimensions
6 Pin WLCSP Green Package 0.71 x 1.16 mm

Laser Marking View Bump View
D1
D
SD
/TN 77N 7N E
/ Vo Vo \ /+ = + 2
N A N w
~ ~ ~ %)
w + +
S~ SN , T~ Db Dle
/ e\ / ( = 1
PIN#1 Index A B C C B A
Wafer NOTCH Wafer NOTCH
™
<
<
<
Nx®b
—
< .
SIDE View
UNIT: mm
Symbol Min. Nom. Max. Symbol Min. Nom. Max.
A 0.390 0.445 0.500 D 1.130 1.160 1.190
A1 0.125 0.150 0.175 E 0.680 0.710 0.740
A2 0.245 0.270 0.295 e 0.35 BSC
A3 0.020 0.025 0.030 D1 0.70 BSC
b 0.195 0.220 0.245 SD 0.055 BSC
N 6 (bump) SE 0.175 BSC
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SLG59M1685C 6 Pin WLCSP PCB Landing Pattern

(//\\ Exposed Bump \/’j\ Recommended

\___/ (Laser marking view) 7 Land Pattern

1160 | 20 |

.55

RN N RN P P

(/+\ (/+\ (/+\ /1\\ LN /+\\
g § + § E +
{/ ] \\ (/ O !/ | \\ Die D 6 5226 ] /:\\ /:\\ /:\\
NN AN N N
\ 6X 185 + 25

. 50 max. 50 min. Metal und K
2185 Metal /ﬂ\\\/ e Hndermes
>< \ TN
“" \\ { 1’ \Y
\‘\ "“ \\ “\ Jr "‘ }
\ / . N
\ ~_
Solder mask / \\// \\\///5\ 7185 _
) Solder mask opening
opening
Non-solder mask defined Solder mask defined
Solder mask detail (not to scale)
Unit: pm
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Recommended Reflow Soldering Profile

For successful reflow of the SLG59M1685C a recommended thermal profile is illustrated below:

o
g
@ | All temperatures refer to topside of the package, measured on the package body surface.
2
g 8 minutes Max
el L R e i T T T =
'
i e e ——— :
Ll e e R ey L
T R T R R i e
PIIRRE MO - o e e e ——
0 eccccccrmcenansccccccnnncsfocccnclhecncccnnas -
L]
: :
)
! :
¢ gEnmmesssesmasobiiissg
150 F === === i ! Reflow ! Cooli
1 1 Cooling
__________________ -1
) = > ] G ' 2-6°CIs
fe) ' i [l ]
Q‘“ i d‘b : Preheat/Soak : ; ,
- ) 1
& ] 60s - 120s i ' '
' ) 1 L}
1 1
¥ ' L) [}
. 1 L) ]

Note: This reflow profile is for classification/preconditioning and are not meant to specify board assembly profile. Actual board
assembly profiles should be developed based on specific process needs and board designs and should not exceed parameters

depicted on figure above.

Please see more information on IPC/JEDEC J-STD-020: latest revision for reflow profile based on package volume of 0.352 mm3
(nominal).
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Tape and Reel Specifications

6 0.71x1.16 3000 3000 178/60 100 400 100 400 8 4

Carrier Tape Drawing and Dimensions

WLCSP 6L
0.71x1.16
mm 0.35P 0.77 1.22 0.53 4 4 15 1.75 3.5 0.2
Green
Do Po B T
L
w
Igp! S z
£ @ > éb 3
! =
%% TS g e 8
J L o | [l @
@ m
)
P1 Ao . B K | |
Refer to EIA-481 specification
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