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An Ultra-small 33 mQ, 2.2 ApFET

Integrated Power Switch with Controlled Inrush Current

General Description

Operating from a 2.5 V to 55 V power supply, the
SLG59M1736C is a self-powered, high-performance 33 mQ,
2.2 A single-channel pFET integrated power switch with a
controlled V| inrush current profile. The SLG59M1736C’s low
supply current and controlled V,y inrush current profile makes
it an ideal pFET integrated power switch in small form-factor
personal health monitor and watch applications.

Using a proprietary MOSFET design, the SLG59M1736C
achieves a low RDSq) across the entire input voltage range.
Through the application of Dialog’s proprietary CuFET
technology, the SLG59M1736C can be used in applications up
to 2.2 A with a very-small 0.64 mm? WLCSP form factor.

Features
* Integrated 2.2 A Continuous Ipg pFET Power Switch
* Low Typical RDSpp:
« 33mQ at VIN =55V
« 451 mQ at V|N =33V
« 56.1mQatV=25V
* Input Voltage: 25V 1t0 5.5V
* Low Typical No-load Supply Current: 0.1 A
+ Integrated Voyt Discharge Resistor
» Operating Temperature: -40 °C to 85 °C
* Low 0 p, 4-pin 0.8 mm x 0.8 mm, 0.4 mm pitch 4L WLCSP
Packaging
* Pb-Free / Halogen-Free / RoHS compliant
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An Ultra-small 33 mQ, 2.2 ApFET
Integrated Power Switch with Controlled Inrush Current

Pin Description

Pin #

Pin Name

Type

Pin Description

A1

ON

Input

A low-to-high transition on this pin initiates the operation of the SLG59M1736C. ON is
an asserted HIGH, level-sensitive CMOS input with ON_V, < 0.3 V and

ON_V|4 > 0.85 V. As the ON pin input circuit does not have an internal pull-down
resistor, connect this pin to a general-purpose output (GPO) of a microcontroller, an
application processor, or a system controller — do not allow this pin to be open-circuited.
In order to activate the SLG59M1736C’s controlled inrush current control circuitry, ON
shall be toggled HIGH only after V|y is higher than the SLG59M1736C’s Vsycc(Th)
specification.

B1

VIN

MOSFET

Input terminal connection of the p-channel MOSFET. Connect a 10 uF (or larger)
low-ESR capacitor from this pin to ground. Capacitors used at VIN should be rated at
10 V or higher.

B2

VOUT

MOSFET

Output terminal connection of the p-channel MOSFET. For optimal operation of the
SLG59M1736C controlled inrush current profile, connect a 30 pyF (or smaller) capacitor
from this pin to ground. Capacitors used at VOUT should be rated at 10 V or higher.

A2

GND

VOUT

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

Ordering Information

Part Number Type Production Flow
SLG59M1736C WLCSP 4L Industrial, -40 °C to 85 °C
SLG59M1736CTR WLCSP 4L (Tape and Reel) Industrial, -40 °C to 85 °C
Datasheet Revision 1.04 26-Mar-2019
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An Ultra-small 33 mQ, 2.2 ApFET
Integrated Power Switch with Controlled Inrush Current

Absolute Maximum Ratings

Parameter |Description Conditions Min. | Typ. | Max. | Unit
VN Power Switch Input Voltage -- - 6 \Y
Vour to GND (F;(')\leer Switch Output Voltage to 03 _ Vi v
ONto GND |ON Pin Voltage to GND -0.3 -- VN \Y,
Ts Storage Temperature -65 - 140 °C
ESDuygm ESD Protection Human Body Model 2000 - - \Y
ESD¢cpm ESD Protection Charged Device Model 1000 - - \Y
MSL Moisture Sensitivity Level 1
0.8 x 0.8 mm 4L WLCSP; Determined
0 Package Thermal Resistance, usinga1 in2, 20z .copper pad under each _ 110 _ oC/W
JA Junction-to-Ambient VIN and VOUT terminal and FR4 pcb
material.
Wpis Package Power Dissipation -- -- 0.5 w
Maximum pulsed switch ViN=55V| - - 25 A
MOSFET IDSpg| Peak Current from VIN to VOUT |current, pulse width < 1 ms,
1% duty cycle ViN=25V| - - 1.5 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
Ta =-40 °C to 85 °C (unless otherwise stated). Typical values are at Ty =25 °C

Parameter |Description Conditions Min. Typ. Max. Unit

VN Power Switch Input Voltage -40°Cto 85°C 2.5 - 5.5 V
When OFF, V| = 5.5V, No load - 0.5 2 WA

When OFF, V| = 3.3V, No load - 0.06 1.5 MA

N Power Switch Current (Pin B1) When OFF, V|y = 3.0 V, No load - 0.06 1 MA
When OFF, V| =2.5V, No load - 0.06 1 pA

When ON, ON =V, No load - 0.1 1 MA

lon_ Lkg  |ON Pin Input Leakage -- -- 0.1 pA
Tpo=25°C,V|y=5.5V, Ipg =100 mA - 33 41 mQ
Tao=25°C, V|y=3.3V, Ipg =100 mA - 451 55 mQ
) Tpo=25°C,V|y=2.5V, Ipg =100 mA - 56.1 69 mQ

RDSpn  |ON Resistance

Tao=85°C,V|y=5.5V, Ipg =100 mA - 40.2 49 mQ
Tpo=85°C, V|y=38.3V, Ipg =100 mA - 54.5 66 mQ
To=85°C, V=25V, Ipg =100 mA - 68.2 82 mQ

Continuous, Viy =5V -- -- 22 A

MOSFET IDS|Current from VIN to VOUT
Continuous, V|y=2.5V - - 1.2 A
> .

Vsuce(tH) ¥me|2|r%s|'2 \(/:(::;ng Start-up Control gglf;'l;i?n'}l@vgiégram on Page 4 and -- 0.9x VN -- \Y,
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An Ultra-small 33 mQ, 2.2 ApFET
Integrated Power Switch with Controlled Inrush Current

Electrical Characteristics (continued)
Ta =-40 °C to 85 °C (unless otherwise stated). Typical values are at Ty =25 °C

Parameter |Description Conditions Min. Typ. Max. Unit
10% VOUT to 90% VOUT 1
IRISE Rise Time Charging Current ViN=5.0V, C poap =30 pF, 11 16.5 25 mA
See Note 1
0, 0, .
Voursry |Slew Rate 3,?(;‘2?6’{/}%?8 :‘B Vour Jf: 036 | 054 | 08 | Vims
10% Voyt t0 90% Vout 1
. . VIN =50 V, CLOAD =30 LJF, no RLOAD 5 76 1 ms
TriSE Rise Time
10% VOUT to 90% VOUT ) 25 38 55 ms
V|N =25 V, CLOAD =30 pF, no RLOAD ’ ’ ’
ON__V|H to 90% V9UT 1 6 8.6 12 ms
. Vin=5V, CLoap = 30 WF, No R pap
Ttotal on | Total Turn On Time
- ON_V|H to 90% VOUT 1 3 4.3 6 ms
V|N =25 V, CLOAD =30 |JF, No RLOAD ’
) ON_V| toV Fall Start |, Viy=5 V.
T OFF Delay Time —'IL T TouT ' VIN ' - 45 - s
OFF_Delay y RLoap = 10 Q. no CLoap M
CLoaD Output Load Capacitance CLoap connected from VOUT to GND - -- 30 uF
Rpischree | Discharge Resistance \éig: 25V105.5V, Voyr =0.4Vinput| 55 90 150 Q
ON_V)4 |Initial Turn On Voltage 0.85 -- VN \Y
ON_V|_ Low Input Voltage on ON pin -0.3 0 0.3 \%

Notes:
1. Rise of ON pin must only occur after V| reaches Vgycc(rh) in order to have proper inrush current limiting and start-up.

Ttotal_ON> TON_Delay @and Rise Time Measurement

Vin Vsucc(mh)
|
|
|
ON* |
|
ON_Vin ' ON_V, :
_VIL -
< | _:|\ —
| TTotal_ON | O OFF_Delay
| | 90% VOUT
Vour : I :
I
| 10% Vour |
! |<—>| TR|SE
| |
* VN 2 90% Nominal Voltage before Asserting ON Signal ! !
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An Ultra-small 33 mQ, 2.2 ApFET

Integrated

Power Switch with Controlled Inrush Current

Typical Performance Characteristics
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An Ultra-small 33 mQ, 2.2 ApFET
Integrated Power Switch with Controlled Inrush Current
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An Ultra-small 33 mQ, 2.2 ApFET
Integrated Power Switch with Controlled Inrush Current

Typical Turn-on Waveforms

RIGOL H 1.00ms %,SDDDTASSESS Mvvg/x/www D 3.00000000ms . T f 1.40%
ON o
C ff
Vour e "'HF"
IRISE W W
T T PR TP T A 17T T B
1 = zoov a‘ 1.00% / 3 20.0mA
Figure 1. Typical Turn ON operation waveform for Viy=2.5V, C oap = 30 pF
RIGOL .H 2.00rms 13.2050%8;?{33 L_M/\J\J\J\?\M/\MM/\M/\N ID 4.00000000rms . T £ 1.40%
:IIIIIIIIIIIIIllliillllIIIIIIIIIIIIIIIIIIIIIIIIIIII-
ON n—
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IRISE EDp i L—-—u—-—u—
|RiSB:IE-IgéDImSI i Ip‘:1_al}{‘:I5ID4I\“III i Ll Ilrlll1la}{:l1 Ig:?rlﬂr,\\l i1 i1 | I -] 101 | -] | ]
1 = soov g‘ 200y ? 3 20.0mA
Figure 2. Typical Turn ON operation waveform for Viy =5V, C gap = 30 uF
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An Ultra-small 33 mQ, 2.2 ApFET
Integrated Power Switch with Controlled Inrush Current

Typical Turn-off Waveforms

VouT =
-IIIIIII__.J.___IIIIIIIJ__l...l_JIIIIIIIIIIIIIIIIIIIIIIIIIIIII-
Fall=634.0us Max=248Y
1 = 1oov 1.00%

RIGOL H 1.00us g.DDDDMkSpat;S MM_“/\/\/\/\/\/\M/\M/\MM D 4.00000000us .T T @ o140V
ON o}
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...... _-_I_I_l_L__l_L_l_..J.__.l_LJ_.I_._]_J_J_J__I | It | I L1 | | | I [ I-
Fall=1.550us Man=2.52
1 = 100v g‘ 100y /
Figure 3. Typical Turn OFF operation waveform for V|y=2.5V, no C oap ; RLoap =10 Q
RIGOL H Z0ous 15.02%“:!18;{33 L_/\_ME\_/\_MMM/\_AMAMN D 500.000000us .T t 1.40%
ON =

Figure 4. Typical Turn OFF operation waveform for Vjy=2.5V, C_ gap = 30 puF, R gap =10 Q
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An Ultra-small 33 mQ, 2.2 ApFET
Integrated Power Switch with Controlled Inrush Current
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Figure 5. Typical Turn OFF operation waveform for Vjy =5V, no C oap s RLoap =10 Q
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Figure 6. Typical Turn OFF operation waveform for Vjy =5V, C oap = 30 puF, R_oap =10 Q
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An Ultra-small 33 mQ, 2.2 ApFET
Integrated Power Switch with Controlled Inrush Current

Applications Information

SLG59M1736C Nominal Operation

During V,y power-up operation, the SLG59M1736C’s internal inrush current Start-up Control circuit is activated once V, reaches
90% of its nominal voltage (Please see Vsycc(th) Specification). Once V| has reached this threshold (within the SLG59M1736C’s
nominal input range of 2.5V to 5.5 V), the ON pin can be toggled LOW-to-HIGH to close the switch. Nominal power-off sequence
is performed in reverse: that is, the ON pin is toggled HIGH-to-LOW to open the switch before V| is powered down/turned OFF.

SLG59M1736C VIN Inrush Current Limit on Startup

During startup, the current passing through the power FET is internally limited to a maximum specified by Ig;sg in the EC table.
To prevent incomplete start-up, the SLG59M1736C shall be powered up only with a capacitive load C oap attached to the VOUT
pin. After Vot ramps up to its nominal voltage, a resistive load (R oap) can be applied to the integrated power switch.

Slew Rate Calculation

During the rise of Vgoyt, the SLG59M1736C limits the output current to Igigg. With a capacitor C_ oap attached to VOUT, the
equation below provides the nominal value for the slew rate:

IriSE

Slew Rate =
CLoap

Power Dissipation Considerations

The junction temperature of the SLG59M1736C depends on factors such as board layout, ambient temperature, external air flow
over the package, load current, and the RDSpn-generated voltage drop across each power MOSFET. While the primary contrib-
utor to the increase in the junction temperature of the SLG59M1736C is the power dissipation of its power MOSFETSs, its power
dissipation and the junction temperature in nominal operating mode can be calculated using the following equations:

PDroTaL = RDSon X Ips?

where:
PDroT1aL = Total package power dissipation, in Watts (W)
RDSopn= Power MOSFET ON resistance, in Ohms (Q)
Ips = Output current, in Amps (A)
and
Ty=PDroTaL X 0ya* Ta
where:
T, = Die junction temperature, in Celsius degrees (°C)
6,4 = 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 SLG59M1736C’s power dissipation can also be calculated by taking into account the voltage drop
across the switch (V| - VoyT) and the magnitude of the switch’s output current (Ips):

PDrotaL = (Vin- VouT) X Ips or

PDrotaL = (Vin — (RLoaD X Ips)) X Ips

where:

PDtoT1aL = Total package power dissipation, in Watts (W)
VN = Switch input Voltage, in Volts (V)

R_oap = Output Load Resistance, in Ohms ()

Ips = Switch output current, in Amps (A)

VouTt = Switch output voltage, or R oap X Ips

Datasheet Revision 1.04 26-Mar-2019
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An Ultra-small 33 mQ, 2.2 ApFET
Integrated Power Switch with Controlled Inrush Current

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 absolute minimum
widths of 15 mils (0.381 mm) per Ampere. A representative layout, shown in Figure 7, 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 SLG59M1736C's VIN and VOUT pins;

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

SLG59M1736C Evaluation Board:

A GFET3 Evaluation Board for SLG59M1736C is designed according to the statements above and is illustrated on Figure 7.
Please note that evaluation board has D_Sense and S_Sense pads. They cannot carry high currents and dedicated only for
RDSgy evaluation.
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Figure 7. SLG59M1736C Evaluation Board
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An Ultra-small 33 mQ, 2.2 ApFET
Integrated Power Switch with Controlled Inrush Current

GND  GND
ON 1 [
— || — ——
Il u1 =
; ON  GND g—l
VIN VOUT .
C1 l C2
3

jmuF ls uF

S

I NN Iy Ny B Ll
GND D/VIN D_SENSE GND S/VOUT S_SENSE
Figure 8. SLG59M1736C Evaluation Board Connection Circuit

Basic Test Setup and Connections

o GFET3 Evaluation Board #12
|| 5
Power Supply -
— g
Z
Oscilloscope - o
= b4
w
1 <
@)
C
RLOAD —
®
pd
O

Figure 9. SLG59M1736C Evaluation Board Connection Circuit
EVB Configuration

1. Connect oscilloscope probes to D/VIN, S/VOUT, ON, etc;
2. Turn on Power Supply and set desired V|\ from 2.5 V...5.5 V range;
3 .Toggle the ON signal High or Low to observe SLG59M1736C operation.
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Package Top Marking System Definition

NN

Serial Number Line 1

Pin 1 Identifier O N

Serial Number Line 2

NN -Part Serial Number Field Line 1

where each “N” character can be A-Z and 0-9

N -Part Serial Number Field Line 2

where each “N” character can be A-Z and 0-9
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An Ultra-small 33 mQ, 2.2 ApFET
Integrated Power Switch with Controlled Inrush Current

Package Drawing and Dimensions
4 Pin WLCSP Green Package 0.8 x 0.8 mm

Laser Marking View Bump View
E e
7T 7T
\ \ L
B (\\/ ) (\\/ ) B

+
VAR /
\ \ r 0
A (\ / (\./

2 1 Index Area (D/2 x E/2)

e
= ® @

™
<
o
<
< 1 TERMINALS ASSIGNMENTS
U U B VIN VOUT
A ON GND
- Nx®b 1 2
< '
SIDE View
Unit: mm
Symbol Min Nom. Max Symbol Min Nom. Max
A 0.380 - 0.500 D 0.77 0.80 0.83
A1 0.125 0.150 0.175 E 0.77 0.80 0.83
A2 0.240 0.265 0.290 e 0.40 BSC
A3 0.015 0.025 0.035 N 4 (Bump)
b 0.195 0.220 0.245
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An Ultra-small 33 mQ, 2.2 ApFET
Integrated Power Switch with Controlled Inrush Current

SLG59M1736C 4 Pin WLCSP PCB Landing Pattern

. \/\ Exposed Bump (\/f ) Recommended
“—~" (Laser marking view) ~  Land Pattern
800 400
400 200
4 x $185 + 25
TN TN B, 1™ ~ /
Bl ( )| ( ) A
o o o N
= + 2 2 — + -— SYMM
77N 77N A —~ —~
\ \ L A /N
Al J ‘ J o\
2 1
2 1
SYMM
50 max. 50 min. Metal under mask
Metal Y/ N = \/
185) . /o
(2189 “/'/ \ / // \\ \\
(\ L }
\ / ] ) /
Solder mask / \\\% B / \\\:://\/\ (2185)
opening Solder mask opening
Non-solder mask defined Solder mask defined
Solder mask detail (not to scale)
Unit: um
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An Ultra-small 33 mQ, 2.2 ApFET
Integrated Power Switch with Controlled Inrush Current

Recommended Reflow Soldering Profile

For successful reflow of the SLG59M1736C 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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An Ultra-small 33 mQ, 2.2 ApFET
Integrated Power Switch with Controlled Inrush Current

Tape and Reel Specifications

08x08| 4 lhgx08x044 3000 | 3000 | 178/60 | 100 400 100 400 8 4

Carrier Tape Drawing and Dimensions

WLCSP 4L
.8x0.8mm 0.87 0.87 0.56 4 4 1.5 1.75 3.5 8 0.2
0.4P Green

Do Po B T
.|
[
4 Q} {D Q} k!

{‘:‘} N 5
- ' L ! Yo 5
cacl NoNRSRIFeE
1 T - ﬂ'J

. P1 | _Ao_ B Ko

Note: 1.Orientation in carrier: Pin1 is at upper left corner (Quadrant 1). Refer to EIA-481 specification
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Revision History

Updated Style and Formatting
Corrected Pocket Pitch Spec in Carrier Tape Dimensions
3/26/2019 1.04 Added Layout Guidelines
Fixed typos
7/24/2017 1.03 Updated Tape and Reel Specification
5/5/2017 1.02 Updated EC Table
Fixed typos
3/28/2017 101 |Updated PCB Landing Pattern
3/1/2017 1.00 Production Release
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MIC94064Y C6-TR MIC2505-1YM MIC94042Y FL-TR MIC94041YFL-TR MIC2005-1.2YM6-TR TPS2032QDRQ1 SIP32510DT-T1-GE3
NCP333FCT2G NCP331SNT1G TPS2092DR TPS2063DR TPS2042P MI1C2008Y ML-TR MI1C2040-1Y MM
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