S/IERGY

Application Note: SY6861A1/A2/B1/B2

5.5V, 3A Low Loss Power Distribution Switch
With Reverse Block Rating Up to 28V

General Description

SY6861A1/A2/B1/B2 is an ultra-low fR3ony 3A low

loss power distribution switch with current limib t

Features

protect the power source from over current andtshor .

circuit conditions.

SY6861A1/A2/B1/B2 has over voltage protection and

the output pin can withstand 28V. It incorporatbse t
over-temperature protection and

functions.

Ordering Information

SYy686101(0O )0

Temperature Code

Package Code

Optional Spec Code
Ordering Number Package Type Note
SY6861A1AAC SOT23-5 Active High
SY6861A2AAC SOT23-5 Active Low
SY6861B1ABC SOT23-6 Active High
SY6861B2ABC SOT23-6 ActiveLow.

reverse blocking

Input Voltage: 2.5V to 5.5V

Output Voltage Withstanding 28V

Extremely Low Power Path Resistance: 45(typ.)

3A Load Current Capability

Reverse Blocking in/Normal Operation or Shutdown
Fault Flag (OCB)-@utput For Over Current and Fault
Conditions

Compact Package: SOT23-5/SOT23-6

RoHS Compliant and Halogen Free

UL Certification NO. E491480

Applications

USB 3.1 Application

YSB'3G Datacard

USB Dongle

MiniPCI Accessories

USB Charger

Public Place Multi-USB Charger

Typical Applications
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Figure 1. SY6861A1/A2 Schematic Diagram

Figure 2.d30n) vs. Output Current
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SILERGY SY6861A1/A2/B1/B2

Rser vs. Current Limit
(Vin=5V, Cin=Cour=10pF)
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Figure 3. SY6861B1/B2 Schematic Diagram Figure 4gR vs. Current Limit
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SIIERGY

SY6861A1/A2/B1/B2

Pinout (top view)

(SOT23-5

[5 ]

Z| EN/ENB

out| 1 B

GND[ 2 | 5 |iseT

ocs[ 3 BEE
$0T23-9

Top Mark: Tdxyz for SY6861A1AAC(Device code: Tdx=year code, y=week code, z=\|ot number code)
Vgyz for SY6861A2AAC(Device code: Vgx=year code, y=week cade, z= ot number code)
Tryz for SY6861B1ABC(Device code: Tex=year code, y=week code; z= lot number code)
Vhyz for SY6861B2ABC(Device code: Vhx=year code, y=weék,code, z= lot number code)

Pin Name Pin number Pin Description
SOT23-5 SOT23-6
ouT 1 1 Output pin.
GND 2 2 Ground pin.
Fault Flagy ®pen drain under normal conditionspygoed under
ocCB 3 3 .
fault operation.
ON/OFF+control. Do not leave it floating.
EN/ENB 4 4 EN., Active high. ENB: Active low.
IN 5 6 Inputpin.
Current limit programming pin. Connect a resistggRrom this
ISET -- 5 pin to ground to program the current limit:
fLm (A)=6800/Rset (©2)
Block Diagram
Reverse
blocking
IN #—o9 I L # OUT
Charge r —|
pump
_| Driver OTP
UVLO ’|‘
OvVP
Controller i
EN/ENB L J ® OCB
Delay Qtl
l <
GND

Figure 5. SY6861A1/A2 Block Diagram
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oy SY6861A1/A2/B1/B2
Reverse
blocking
IN # 1 - # OUT
Charge
pump
_I Driver OTP
UVLO ’|‘
OoVP
Controller i
—| ocp |—||—
EN/ENB I L N ’ ¥ OCB
ISET Delay 5
l <
GND
Figure 6. SY6861B1/B2 Block-Diagram
Absolute Maximum Ratingswote 1)
IN-------- -0.3Vto 7V
ISET -0.3V to 3.6V
OCB, EN, ENB, OUT -0.3V to 28V
Power Dissipation, @ Ta= 25°C SOT23-5/SOT23-6 1.2W/1.2W
Package Thermal Resistance (Note 2)
03a SOT23-5/SOT23-6 83°C/W/81T/W
03c, SOT23-5/SOT23-6 17°C/W/14°CIW

Junction Temperature

Lead Temperature (Soldering, 10 sec?)

150°C

260°C

Storage Temperature Range
ESD Susceptibility

-65°C to 150°C

HBM (Human Body Mode) 2kv
CDM (Charged Device Mode) 500V
Recommended QOperating Conditiongote 3)

IN 2.5V to 5.5V
ISET 0V to 3.3V
All other pins 0V to 22V

Junction Temperature. Range

-40°C to 125°C

Ambient Temperature Range

-40°C to 85°C

A
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SIIERGY

SY6861A1/A2/B1/B2

Electrical Characteristics
(Vin =5V, Cour=10uF, Ty = 25°C unless otherwise specified)

Parameter Symbol Test Conditions Min Typ | Max | Unit
Input Voltage Range N 2.5 5.5 \%
Input Over Voltage Protection e 5.6 \%
OVP Hysteresis Yp_Hvs 0.1 \%
Open load, switch OFF 5 30 pA
Shutdown Input Current sHDN -
Output grounded, switch OFF 5 3( A
Quiescent Supply Current ol Open loadswitch ON 65 MA
FET RDS(ON) RDS(ON) V|N:5V, lOUT:0-3A 45 50 1)
SY6861A1/A2, ’
Vin=5V. Vour=4.5V ) 3.2 3.76 | 4.43
Current Limit Lim SY6861B1/B2 A
Rse=1.878k, \(y=5V, 3.0 3.62| 4.16
VOUT:4-75V
:;?]g;gmmable Current Limit liw rance | SY6861B1/B2 0.4 4 A
Logic-Low Vv 0.4 \%
EN/EN Voltage L
Threshold Logic-High | |, 1.0 v
Voltage H
IN UVLO Threshold W uvio 2.45 \Y
IN UVLO Hysteresis W vs 0.1 \YJ
V33V, R=10Q, GEWWR 6 | 19| 30| ms
Rise Time & Ngoi=10%~90%Wy
ISE Vi4=5.0V, R=100, C=IpF,| ;¢ 3.0 45 ms
VOUT:10%~90%VN ) ) )
OCB Low Resistance &Re 125 Q
OCB Delay Time dcg pelay 15 ms
OUT Shutdown DlschargaRDSG 90 115 120 @
Resistance
Discharge Time plsc 130 ms
Thermal Shutdown TemperatureTsp 150 °C
Thermal Shutdown Hysteresis’| vk 20 °C

Note 1 Stresses beyond.the “Absolute Maximum Ratingsy weuse permanent damage to the device. These are
stress ratings only. Fuhctional operation of thei@eat these or any other conditions beyond thdieated in the
operational sectiohsof the specification is noplied. Exposure to absolute maximum rating condgidor
extended periods may affect device reliability.

Note 2 0 ;4 is measured in the natural convection a&=T25°C on a Silergy’s test board. Pin 2 of SOT23&T23-
6 package is the case position fbyc measurement.

Note 3: The device is not guaranteed to function outsislefterating conditions.

A
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SY6861A1/A2/B1/B2

Typical Performance Characteristic

Quiescent Current vs. Input Voltage

Shutdown Current vs. Input Voltage

80 | | 65
75— 85°C 8
< 25°C <
2 70— 40°C 3 55
€ €
® e y . 2.5
=] — | 3
© % A O 45
o / P || o 4
2 55 / L S
3 / L E/73 ¢ — T=85C |
o S0P~ 2 T= 25°C
. T=-40°C
3 |
45|,
40 2.5
25 3 35 4 45 5 55 25 35 45 55
Input Voltage (V) Input Voltage (V)
Roson) vs. Output Current Rser vs. Current Limit
(Vin=5V, Ciw=Cour=104F) (Vin=5V, Cin=Cour=10pF)
80 45
70 40
60 2 35 \
=~ = 30
% 50 ‘é’ \
= "1 5 25
> 40 — = \
5 § 20 \
(= I = \
o 3 15 N
20 1.0 ~
~—
10 05 —
0 0
0 0.5 1 15 2 25 3 35 17 34 51 68 85 102 119 136 153 17
Output Current (A) Rset (kQ)
Current Limit vs. Output \oltage 0
. VP Threshold vs. Temperature
(Vin=5V, Cin=Cour#10pF) P
5.0 6.4 ‘ ‘
45 )
/ 6.2 [—— ——— OVP Shut
__ 40 f OVP Recovery
S
S i 6
S —
g 30 S ss
o o
S 25 S
5 \ O 56
2 20
g
3 15 \\ 5.4
S T=-40°C \ '
10— T= 25°C \ 52
o5l T= 85°C \ :
N T .
0 05 1 15 2 25 3 35 4 45 -40 15 10 35 60 85
Current Limit (A) Temperature (°C)
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SY6861A1/A2/B1/B2

S/IERGY
EN Threshold vs. Temperature
P UVLO Threshold vs. Temperature
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SILERGY SY6861A1/A2/B1/B2

Reverse Current vs. Output Voltage
(Vin=0V, EN=OFF)

Reverse Current vs. Temperature

Vin=0V, Vour=5V, EN OFF
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Output Voltage (V) Temperature (°C)
Startup from Enable Shutdown from Enable
(Vin=5V, C= Cour=10pF,1.6Q Load) (Vin=5V, Cn=Cour=10pF, 1.6Q Load)
T T \ ] T T T
CVen . 2Vidiv )

WIVen - 2vidiv

Vour . 2V/div Vour VitV

lour - 1A/div lout - 1A/div ‘ "

Vocg 5V/div

Time (800us/div) Time (4ps/div)

Startup from V5 Shutdown from Vy

(Vin=5V, Cin= Cour=10pF, 1.6Q/[5ad) (Vin=5V, Ciy=Cour=10uF, 1.6Q Load)

"V 2Vidiv

Vout -+ 2V/div

4
lour  1A/div

VN 2Vidiv Y

Vocs 5Vidiv |

2V/div

. Voutr

Vocs  SV/div

Time (800us/div) Time (2ms/div)
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SY6861A1/A2/B1/B2

Turn off Delay Time and Fall Time Inrush Current with Different Load Capacitance
(Vin=5V, Ri=10Q, Cin=Cour=10yF) (Vin=5V, Cn=Cour=10yF, C,=470uF , R;=10Q)
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SY6861A1/A2/B1/B2

SIIERGY

Reverse-Voltage Protection Recovery
(Vin=5V , Cn=Cour=10pF, Ri=10Q, 5.5V Vour Removed)

Thermal Shutdown Response
(Vin=5V , Cn=Cour=10pF, Ri=1.3Q)
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;.‘ | |

Time (200ms/div)

OCB Response During Over Load
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1V/div.
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SY6861A1/A2/B1/B2

Operation

The SY6861A1/A2/B1/B2 is a current limited N-
channel MOSFET power switch designed for high-side
load-switching applications. It incorporates thekto
back N-channel MOSFET, so the IC prevents the
current-flow from OUT to IN when OUT being
externally forced to a higher voltage than IN wtiea

IC is disabled.

Over Current Protection

The SY6861B1/B2 supports current limit programming
by connecting a resistorsi from the ISET pin to
ground. The recommended 1% resistor fogeRis
1.878k to 17.8k to ensure stability of internaluiegion
loop. Many applications require that the minimum
current limit is above a certain current level loattthe
maximum current limit is below a certain currentdk

so it is important to consider the tolerance of oler
current threshold when selecting a value gé{RThe
tolerance is showed below:

5000

4500 !
Minimum Current Limit

4000 ) .
= = Typical Current Limit

3500 Maximum Current Limit—

3000

2500

2000

1500

1000

Current Limit Value (mA)

500

0

0
Rser (kQ)

Minimum current limit: |y (A) = 5797/Ret(Q)-0.026
Typical current limit: |y (A)= 6800/Ret (2)
Maximum current limit: |,y=(A) = 7640/Re1(Q)+0.07

The current limit threshold of SY6861A1/A2 is fixad
3.6A for 3A USB new'type C application.

When the over-current condition is sensed, the ghte
the pass switch is modulated to achieve constaptibu
current. If the over current condition persists ddiong
time, the junction temperature may exceed 150°@, an
over-temperature protection will shut down the part
Once the chip temperature drops below 130°C, tie pa
will restart.

AN_SY6861A1/A2/B1/B2 Rev.0.9
© 2018 Silergy Corp.
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Fault Flag(OCB)

The OCB output is asserted (active low) when input

OVP or thermal shutdown protection is triggered or

over current condition persists for 15ms. The outpu

remains asserted until fault condition is removed.

Connecting a heavy capacitance load to an enabled
device can cause a momentary over current condition
However, no false reporting on OCB occurs due to

15ms deglitch circuit.

Over Voltage Protection
SY6861A1/A2/B1/B2*, integrates over voltage

protection for-the_input pin. When the IC is in tO&
state and the ¥IN_exceeds 5.6V (typ.), the powef FE
will be. turned~aff to protect low voltage input g&a
during the eutput voltage is higher than 5.6V (typ.
Meanwhile>OCB is pulled low to indicate fault
conditions,Once the output voltage is lower thaa th
input voltage, the power FET will be turned on and
OCBiis released to high impedance.

Supply Filter Capacitor

In~order to prevent the input voltage drooping dgri
hot-plug events, apF ceramic capacitor from VIN to
GND is strongly recommended. However, higher
capacitor values could reduce the voltage droothen
input further. Furthermore, an output short wilusa
ringing on the input without the input capacitot. |
could destroy the internal circuitry when the input
transient exceeds the absolute maximum supplygelta
even for a short duration.

Output Filter Capacitor

A 10uF output ceramic capacitor is recommended to be
placed close to the IC and output connector toaedu
voltage drop during load transient. Some illegalBUS
PD device will provide 20V bus voltage without USB
negotiation. Therefore the output capacitor shcugd
larger than 4.4F to decouple the large spike when
unstandardized USB PD device plug in. The
SY6861A1/A2/B1/B2 is guaranteed to be safe from
damage with OUT voltage up to 28V. Nevertheless,
voltage transient above 28V may cause permanent
damage. A TVS is recommended to clamp the voltage
spike.

Reverse block Function:

The SY6861A1/A2/B1/B2 integrates reverse block
function. Once the deviation voltage of OUT-IN

exceeds 60mV, the reverse block is triggered. The
power FET will be shutdown in 600ns to block the
reverse current flow from OUT to IN.

11
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SILERGY SY6861A1/A2/B1/B2

PCB Layout Guide 2. Locate the output capacitor as close to the
For the best performance of the SY6861A1/A2/B1/B2, connectors as possible to lower the impedance
the following guidelines must be strictly followed: (mainly inductance) between the port and the
1. Keep all VBUS traces as short and wide as capacitor to improve transient performance.
possible and use at least 2 ounce copper for all
VBUS traces. 3. Input and output capacitors should be placed

closed to the IC and connected to ground plane to
reduce the noise coupling.

Figure 8. SY6861B1/B2 PCB Layout Suggestion

A
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SY6861A1/A2/B1/B2
SOT23-5 Package Outline & PCB Layout Design
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Recommended Pad Layout

I
I

1.0-13
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Notes: All dimensionsrare in millimeters.
All dimensiohs don’t include mold flash & netal burr.

A
AN_SY6861A1/A2/B1/B2 Rev.0.9 Silergy Corpoi@idential-Prepared for Customer Use Only 13
© 2018 Silergy Corp. All Rights Reserved.



&

SIIERGY

SY6861A1/A2/B1/B2
SOT23-6 Package Outline & PCB Layout Design
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Notes: All dimensions are in millimeters.
All dimensiens don’t include mold flash & netal burr.
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SY6861A1/A2/B1/B2

Taping & Reel Specification

1. Taping orientation
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SILERGY SY6861A1/A2/B1/B2

2. Carrier Tape & Reel specification for packages

Package Tape width Pocket Reel size Trailer Leader length Qty per
type (mm) pitch(mm) (Inchy length(mm) (mm) reel
SOT23-5 8 4 7 280 160 3000
SOT23-6 8 4 7 280 160 3000
3. Others: NA

A
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SY6861A1/A2/B1/B2

IMPORTANT NOTICE
1. Right to make changes. Silergy and its subsidiaries (hereafter Silergg3erve the right to change any information
published in this document, including but not lieditto circuitry, specification and/or product designanufacturing or
descriptions, at any time and without notice. T#&®ument supersedes and replaces all informatipplied prior to the
publication hereofBuyers should obtain the latest relevant informmatiefore placing orders and should verify that such
information is current and complete. All semicoaidu products are sold subject to Silergy’s staddarms and conditions of
sale.

2. Applications. Application examples that are described hereirafty of these products are for illustrative pugsosnly.
Silergy makes no representation or warranty thel sypplications will be suitable for the specifiese without further testing or
modification. Buyers are responsible for the desagd operation of their applications and produstisig Silergy products.
Silergy or its subsidiaries assume no liability &ory application assistance or designs of custgmoetucts. It is customer’s sole
responsibility to determine whether the Silergyduct is suitable and fit for the customer's‘applaas and products planned.
To minimize the risks associated with customer'sdpicts and applications, customér Should provideqadte design and
operating safeguards. Customer represents andsatirat it has all the necessary expertise toe@mad implement safeguards
which anticipate dangerous consequences of fajlumesitor failures and their consequences, lesserlikelihood of failures
that might cause harm and take appropriate remadiains. Silergy assumes nofliability relatedny default, damage, costs or
problem in the customer’s applications or produotsthe application or-use by customer’s third-pdmtiyers. Customer will
fully indemnify Silergy, its subsidiaries, and theepresentatives against any ‘damages arising fothteouse of any Silergy
components in safety-critical applications. ltalso buyers’ sole responsihilityto warrant andrgotee that any intellectual
property rights of a third party are not infringaolon when integrating Silergy products into anyligpgion. Silergy assumes no
responsibility for any said applications or for arse of any circuitry other'than circuitry entirgsnbodied in a Silergy product.

3. Limited warranty and liability. Information furnished by Silergy‘in‘this documénbelieved to be accurate and reliable.
However, Silergy makes no representation or wayraetpressed!or-implied, as to the accuracy or tetempess of such
information and shall have no liability for the s@guences of use of such information. In no eskall Silergy be liable for
any indirect, incidental, punitive, special or cegsential damages,‘including but not limited td [m®fits, lost savings, business
interruption, costs related to the removal or reptaent of any,products or rework charges, whethemb such damages are
based on tort or negligence, warranty, breach pfraot or any, other legal theory. Notwithstandamy damages that customer
might incur for any reason whatsoever, Silergy’ reggte and“cumulative liability towards customertfee products described
herein shall be limited in accordance with the 8tad Terms and Conditions of Sale of Silergy.

4. Suitability for use. Customer acknowledges andhagrees that it isys@sponsible for compliance with all legal, regaigt
and safety-related requirements concerning itsymsgand any use of Silergy components in itsiegdns, notwithstanding
any applications-related information or supportthay be provided by Silergy. Silergy productsroedesigned, authorized or
warranted to be suitable for use in life suppafeé:critical or safety-critical systems or equiprienor in applications where
failure or malfunction of an Silergy product camsenably be expected to result in personal injdegth or severe property or
environmental damage. Silergy assumes ho liabflity inclusion and/or use of Silergy products inclsuequipment or
applications and therefore such inclusion and/erisist the customer’'s own risk.

5. Terms and conditions of commereial sale Silergy products are sold subject to the stahderms and conditions of
commercial sale, as published at=http://www.silezggn/stdterms, unless otherwise agreed in a valitten individual
agreemerspecifically agreed to i writing by an authorizifticer of Silergy. In case an individual agreetnisnconcluded only
the terms and conditions of thewrespective agreestall apply. Silergy hereby expressly objectarid denies the application
of any customer’s general terms and conditions végard to the purchase of Silergy products bycttstomer.

6. No offer to sell or license_Nothing in this document may be interpreted amstrued as an offer to sell products that is
open for acceptance or the grant, conveyance dicatipn of any license under any copyrights, ptter other industrial or
intellectual property rights.) Silergy makes noresgntation or warranty that any license, eith@ress or implied, is granted
under any patent right, ‘copyright, mask work right, other intellectual property right. Informatigrublished by Silergy
regarding third-party” products or services does amistitute a license to use such products or cesvor a warranty or
endorsement thereof. Use of such information neapire a license from a third party under the paten other intellectual
property of the third party, or a license from 8jkeunder the patents or other intellectual propeftSilergy.

For more information, please visit: www.silergy.com
© 2018 Silergy Corp. All Rights Reserved.
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