s SILEGO

SLG59M1730C

An Ultra-small 33 mQ, 1.0 A pFET

Integrated Power Switch with Controlled Inrush Current

General Description

Operating from a 25 V to 55 V power supply, the
SLG59M1730C is a self-powered, high-performance 33 mQ,
1.0 A single-channel pFET integrated power switch with a
controlled V| inrush current profile. The SLG59M1730C’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 SLG59M1730C
achieves a low RDSp) across the entire input voltage range.
Through the application of Silego’s proprietary CuFET
technology, the SLG59M1730C’s can be used in applications
up to 1 A with a very-small 0.64 mm?2 WLCSP form factor.

Features

* Integrated 1 A Continuous Ipg pFET Power Switch
* Low Typical RDSpy:
« 383mQatVy=55V
+ 451 mQatVy=33V
« 56.1 mQ at V|N =25V
* Input Voltage: 2.5V t0o 5.5V
* Low Typical No-load Supply Current: 0.004 pA
» Integrated VOUT Discharge Resistor
» Operating Temperature: -40 °C to 85 °C
* Low0p,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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SLG59M1730C

Pin Description

Pin # Pin Name

Type

Pin Description

A1 ON

Input

A low-to-high transition on this pin initiates the operation of the SLG59M1730C. ON is
an asserted HIGH, level-sensitive CMOS input with V| < 0.3V and V| >0.85V. 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
SLG59M1730C’s controlled inrush current control circuitry, ON shall be toggled HIGH
only after V) is higher than the SLG59M1730C’s Vgycc(th) specification.

B1 VIN

MOSFET

Input terminal connection of the p-channel MOSFET. Connect a 10 pF (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
SLG59M1730C controlled inrush current profile, connect a 30 pF (or smaller) capacitor
from this pin to ground. Capacitors used at VOUT should be rated at 10 V or higher.

A2 GND

GND

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

Ordering Information

Part Number Type Production Flow
SLG59M1730C WLCSP 4L Industrial, -40 °C to 85 °C
SLG59M1730CTR WLCSP 4L (Tape and Reel) Industrial, -40 °C to 85 °C
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Absolute Maximum Ratings

Parameter |Description Conditions Min Typ. | Max. | Unit
VN Power Switch Input Voltage -- -- 6 Vv
Vour to GND g(')\leer Switch Output Voltage to 03 _ Vi v
ON to 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 -- -- V
MSL Moisture Sensitivity Level 1
0.8 x 0.8 mm 4L WLCSP; Determined
N ?ackgge Thermgl Resistance, usinga1 in2,2 0z .copper pad under each _ 110 _ °C/W
unction-to-Ambient VIN and VOUT terminal and FR4 pcb
material.
Wpis Package Power Dissipation -- -- 0.5 w
MOSFET IDSpy Peak Current from VIN to VOUT | &M PUISSl Z"L‘j’:;czyill‘ge”t’ pulse 1 |~ | 15 | 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)

Parameter |Description Conditions Min. Typ. Max. Unit
ViN Power Switch Input Voltage -40°Cto 85°C 2.5 - 5.5 \
When OFF, V| = 5.5V, No load - 0.110 | 1.270 MA
When OFF, V| = 5.0V, No load - 0.031 0.880 pA
When OFF, V| = 3.8 V, No load -- 0.006 | 0.440 MA
When OFF, V| = 3.3 V, No load - 0.004 | 0.420 MA
When OFF, V| =2.5V, No load - 0.003 | 0.390 pA
When ON,ON =V =5.5V, Noload -- 0.006 | 0.220 MA
When ON, ON =V =5.0V, No load - 0.004 | 0.190 MA
When ON, ON =V =3.8V, No load - 0.003 | 0.110 pA
| Power Switch Current (Pin B1) When ON, ON =V =3.3V, Noload -- 0.003 | 0.100 MA
IN See Note 1 When ON, ON=V|y=2.5V, Noload - 0.002 | 0.070 MA
When ON,ON =18V, V|y=5.5YV,
No load - 0.900 | 1.100 pA
When ON,ON=18V,V|y=5.0V,

No load - 0.660 | 0.830 pA
When ON,ON=18V,V|y=3.8YV, _ 0210 | 0330 uA

No load
When ON,ON=18V,V|y=3.3V, _ 0100 | 0220 uA

No load
When ON,ON=18V,V|y=25V, _ 0005 | 0.110 uA

No load
lon_ Lkg  |ON Pin Input Leakage - - 0.1 MA
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Electrical Characteristics (continued)
T =-40 °C to 85 °C (unless otherwise stated)

Parameter |Description Conditions Min Typ. Max. Unit
@5.5V, Ipg =100 mA - 33 41 mQ
RDSon  |ON Resistance @ Ty 25°C @ 3.3V, Ipg =100 mA -- 45.1 55 mQ
@25V, Ipg =100 mA - 56.1 69 mQ
@5.5V, Ipg =100 mA - 40.2 49 mQ
RDSon  |ON Resistance @ Ty 85°C @ 3.3V, Ipg =100 mA - 54.5 66 mQ
@25V, Ipg =100 mA - 68.2 82 mQ
MOSFET IDS|Current from VIN to VOUT Continuous = -- 1.0 A
. ON 2 Von_viH;
Vsucc(TH) }I'/H\ggtr%slg \%jl:;%r;t Start-up Control ﬁe(ta T1imin§ Diagram on Page 5 and - |09xVyN| - v
ote
10% VOUT to 90% VOUT T;
IRISE Rise Time Charging Current ViN=5.0V, C oap =30 uF, 11 16.5 25 mA
See Note 1
[ o, .
Voursry |Slew Rate J,?N@\g?g{/foc?g /f; Vour J’F 036 | 054 | 08 | Vims
10% VOUT to 90% VOUT )
VIN =50 V, CLOAD =30 lJF, 5 7.6 1" ms
no R
Trise  |Rise Time _LOAD _
10% VOUT to 90% VOUT T
VIN =25 V, CLOAD =30 |.IF, 2.5 3.8 5.5 ms
no R oap
Von_vin t0 90% Voyt 1
VIN =5 V, CLOAD =30 IJF, 6 8.6 12 ms
T T . No R 0D
Total ON otal Turn On Time 5
- Von_viH 10 90% Voyt 1
V|N =25 V, CLOAD =30 HF, 3 4.3 6 ms
No Rioap
. VON VIL to VOUT FaII, V|N =5 V, . .
ToFF pelay |OFF Delay Time Rioan=10 Q, 10 CLoap 4.5 gs
Cloap |Output Load Capacitance glNOSD connected from VOUT to - - 30 uF
Rpis Discharge Resistance mg; éigsv ©05.5V.Voyr =04V 53 90 150
ON_V|y |Initial Turn On Voltage 0.85 -- ViN
ON_V|L Low Input Voltage on ON pin -0.3 0 0.3 \%
Notes:

1. Rise of ON pin must only occur after V| reaches Vgycc(rhy in order to have proper in-rush current limiting and start-up.
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Ttotal ON> TON_Delay @and Slew Rate Measurement

— <+—TOFF Delay

V
Vin | SUCC(TH)
|
|
|
|
ON* |
VoN_VIH

| | Von_viL
[ » |
| Total_oN |
| ' |
| | |
| I —90% Vour
| ! |

Vour | | |
| 10% Vour : :
|
[ l«—{TRisE

| |
*V|N 2 90% Nominal Voltage before Asserting ON Signal

RDSgy vs. Temperature and V)
73

90% Vout

68
lps =0.1 A /.
63

" "

) "

V=25V l/

RDSgy, - mL2

43

38 —

V=33V

p—

33

/

28 +— V,=55V ¢

23 T T
-40 25
Temperature-"C

85

000-0059M1730-104

Page 50f 18



s SILEGO
SLG59M1730C

Ijy when ON vs. V| and Temperature
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Ijy when OFF vs. V| and Temperature
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Ttotal oN VS- CLoaps Temperature, and V|y
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Typical Turn-on Waveforms

IR A " EE L L

O e

N,

\

VouT =

IRISE EDp ; \'
- _...- L NN N N N Y N U [ N T Y N N N N Y N N I | | | I ] [ | [ ] 1
Rise=Ff 960ms Max=5.0414 IMax=19.2mA

1 = soov a‘ Jn0v / 3 20.0mA

RIG'OL H 1.00ms %,SDDDTASSESS M/MWANW D 3.00000000ms T f 1.40%
ON o
Vour e "'HF"
IRISE EDp Sty . "
B B L N Y N S O N N - - | N .| | - .| | | | | L1l ]
Rige=3.870ms Man=2.568Y IMax=20.0msA
1 = zoov a‘ 1.00% ,_f 3 20.0mA
Figure 1. Typical Turn ON operation waveform for Viy=2.5V, C oap = 30 pF
RIGOL H 2.00ms 13.2050%8;?{33 n_/\/\M/\/\_?\/\/\M/\/\M/\/\/\/\! D 4.00000000rms T 4 1.40%

Figure 2. Typical Turn ON operation waveform for V\y =5V, C gap = 30 pF
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Typical Turn-off Waveforms

RIGOL H 100us oo cmmrd D 400000000Us TT@ 140V
-| T 1T ||||ﬁ| LI T T T T T T 1T T T T T T T T T T 1T T T T ||||-
ON mf
: """\‘\
Vout | N"* '
.._-l | -] | R T - | B T T | | I | | | | I | | I | | I | | ||||-
Fall=1.550us Man=2.52 %
1 = 100w LY

Figure 3. Typical Turn OFF operation waveform for Vi =2.5V, no C gap s RLoap =10 Q

S00MZars

RIGOL H 200us

1.20M pts ¢ D 500.000000us T% 1.40%
ON =}
: e
VouT e
FaII:EI:3I4IDL:S | - -hhaj}‘_‘:lzlalsl\‘}.l L S T '} | | | L1 | ] | -] | | ]
1 = 1o00v R
Figure 4. Typical Turn OFF operation waveform for Vjy=2.5V, C; gap = 30 pF, R gap =10 Q
000-0059M1730-104 Page 10 0f 18
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RIGOL H 100us oot ool D 500000000Us TI@ 140V
||||ﬁ| L L L L LB L L L LB L ||||-
ON m
i '*-..\
Voutr Bt ™ i -
.._-| 11 | I -] R N | § I .| B T o | | | | | ] LI -] 1§ 1§ | | ||||-
Fall=2.250us Max=5.04 4
1 = zoov =00y

Figure 5. Typical Turn OFF operation waveform for V;y =5V, no C oap ;s RLoap =10 Q

RIGOL H 200us (omime cmmrs D &00.000000us TT@ 140V
L T T T LI I ) ii T T T T T T T T 1T T T T T T T T T T 1T T T T T T 1T ]
ON o}
r —— ]
VouT e s
':a||=5I5:1.IDL;S L1 _hhaj}{;qilgal\.fl L1 S T 1111 111 411 111 111 | | I |
1 = znoow =200
Figure 6. Typical Turn OFF operation waveform for Vjy =5V, C oap = 30 puF, R_oap =10 Q
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Applications Information

SLG59M1730C Nominal Operation

During V |y power-up operation, the SLG59M1730C’s internal inrush current Start-up Control circuit is activated once V| reaches
90% of its nominal voltage (Please see Vgycc(th) specification). Once V| has reached this threshold (within the SLGS9M1730C’s
nominal input range of 2.5 V 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.

SLG59M1730C 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 SLG59M1730C 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 pap) can be applied to the integrated power switch.

Slew Rate Calculation

During the rise of VgyT, the SLG59M1730C limits the output current to Ig;gg. With a capacitor C oap attached to VOUT, the
equation below provides the nominal value for the slew rate:

IrRiSE

Slew Rate =
CLoap

Power Dissipation Considerations

The junction temperature of the SLG59M1730C depends on factors such as board layout, ambient temperature, external air flow
over the package, load current, and the RDSq\-generated voltage drop across each power MOSFET. While the primary contrib-
utor to the increase in the junction temperature of the SLG59M1730C 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:

PDroraL = RDSon X Ips®
where:
PDtoT1aL = Total package power dissipation, in Watts (W)
RDSon= Power MOSFET ON resistance, in Ohms ()

Ips = Output current, in Amps (A)
and

Ty=PDrotaL X©ya+ Ta
where:
T, = Die junction temperature, in Celsius degrees (°C)
0,5 = 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 SLG59M1730C’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 (Q)

Ips = Switch output current, in Amps (A)

Vout = Switch output voltage, or R gap X Ipg

000-0059M1730-104 Page 12 0f 18
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Package Top Marking System Definition

N N 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

000-0059M1730-104 Page 13 0f 18



s SILEGO

SLG59M1730C

Package Drawing and Dimensions

4 Pin WLCSP Green Package 0.8 x 0.8 mm

Laser Marking View

E
i i
B| | ( \
QO +
i /
\
A (\¥/ (\,<
2 1
™
<

Index Area (D/2 x E/2)

A
A2
|

Bump View

@ @

@ @

A TERMINALS ASSIGNMENTS
w w 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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SLG59M1730C 4 Pin WLCSP PCB Landing Pattern

7"\ Exposed Bump

) o
“—~" (Laser marking view)

800
400
//‘\ //‘\
\ \
B| | // ( //

o o
2 + 3
VA VA
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2 1

L)
/ \‘”’// '
Solder mask 7 g

opening

Non-solder mask defined

50 min.
— T T~ \/
/ \
Lo+ )
\ /

‘::f) Recommended
Land Pattern

400
200
4x 9185+ 25
P Tt Lty
o 8 AN - AN -
= — + -— SYMM
A N
) AN R
2 1
SYMM

Metal under mask

N
N />\(®185)

~

Solder mask opening

Solder mask defined

Solder mask detail (not to scale)

Unit: um
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Recommended Reflow Soldering Profile

For successful reflow of the SLG59M1730C a recommended thermal profile is illustrated below:

Temperature,"C

217

200

150

=

All temperatures refer to topside of the package, measured on the package body surface.

8 minutes Max

Preheat Area

Cooling
2-6°Cls

Preheat/Soak
60s - 120s

>

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

Nominal Max Units Reel & Leader (min) Trailer (min) Tape Part
Package | # of Package Size Hub Size Length Length | Width | Pitch
Type |Pins er Reel | per Box Pockets | "9 Pockets | "9
[mm] P Y [mm] [mm] [mm] [mm] | [mm]
WLCSP4L
2]2])6%2 4 10.8x0.8x0.44| 3000 3000 178/60 100 400 100 400 8 4
Green

Carrier Tape Drawing and Dimensions

PocketBTMPocketBTM| Pocket I;:f: Pocket |Index Hole Intc(l) e;aH:Ie T:I?’);c':-lkoel f Tape Tape
Package | | ength Width | Depth | . Pitch | Diameter P Width |Thickness
Type Pitch Edge Center
A0 BO KO PO P1 DO E F w T
WLCSP 4L
0.8x0.8mm 0.87 0.87 0.56 4 2 1.5 1.75 3.5 8 0.2
0.4P Green
i
=
1'| e X =
f | 5
l. =z NS T
| s H Z
/ m glj
|'IIII ’5‘“" o
|,
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

Date Version |Change

Updated I,y specifications
10/24/2017 1.04 Updated Charts
7124/2017 1.03 Updated Tape and Reel Specification
5/5/2 017 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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