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Test Item Description .....cccccevvvvciveneeeennnnn
Trade Mark(S) ..ccceeeeiiiiiiiieiee e ciiieeeee e :

ManUfaCIUIer .....ccooovvveeiiie e :

Model/Type reference .......cccccceevvveeeviiicnnnns

RAtINGS veeiiiieie :

IC Current Limiter

11
11
DIODES INC
SUITE 200
4949 HEDGCOXE RD
PLANO, TX 75024
United States
AP21X, Where X can be 0,1,4,5,6,7,8 or 9, followed by 1, 1A, 6 or

10, followed by MP, S, W, FM or M8, and or additional characters
that do not affect the safety features of the device.

AP21X1D, Where X can be 4, 5, 6, 7, 8 or 9, followed by FM, W,
MP, M8 or S, and or additional characters that do not affect the
safety features of the device.

(Markings Optional)

AP21410/AP21510/AP2141/AP2151/AP2161/AP2171/AP2181/A
P2191/AP2146/AP2156

Input Voltage: 2.7 - 5.5Vdc

Output Continuous Rating: 0.2A to 1.5A
Output Current Limit: 0.5 to 3.0A
Operating Temperature: -40C to 85C

AP2101/AP2111

Input Voltage: 2.7 - 3.0Vdc

Output Continuous Rating: 2A
Output Current Limit: 2.9 to 5A
Operating Temperature: -40C to 85C

Input Voltage: 3.1 - 5.5Vdc

Output Continuous Rating: 2A
Output Current Limit: 2.1 to 2.9A
Operating Temperature: -40C to 85C

AP2141D/AP2151D

Input Voltage: 2.7 - 5.5Vdc

Output Continuous Rating: 0.5A
Output Current Limit: 1.0A

Operating Temperature: -40C to 85C

TRF No. IEC62368_1E
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AP2161D/AP2171D/AP2181D/AP2191D
Input Voltage: 2.7 - 5.5Vdc

Output Continuous Rating: 1A to 1.5A
Output Current Limit:1.9 to 2.6A
Operating Temperature: -40C to 85C

Responsible Testing Laboratory (as applicable), testing procedure and testing location(s):

X | CB Testing Laboratory:

Testing location/ address ......cccccceevevvvveennnn. . | UL Solutions Melville
1285 Walt Whitman Road, Melville, NY, 11747, USA

Tested by (name, function, signature)........ : Daniel Szanto / Project

Handler @’ y ;

Approved by (name, function, signature) ..: Dean Baker / Reviewer
ter. Bater

[] | Testing procedure: CTF Stage 1:

Testing location/ address ......ccccceeeecvvvveennn. :

Tested by (name, function, signature)........ :

Approved by (name, function, signature) ..:

[] | Testing procedure: CTF Stage 2:

Testing location/ address ......ccccceeveeevvveennnn. :

Tested by (name, function, signature)........ :

Witnessed by (name, function, signature).:

Approved by (name, function, signature) ..:

[] | Testing procedure: CTF Stage 3:

[] | Testing procedure: CTF Stage 4:

Testing location/ address .......ccccccoveivvieeennn. :

Tested by (name, function, signature)........ :

Witnessed by (name, function, signature).:

Approved by (name, function, signature) ..:

Supervised by (name, function, signature) :

TRF No. IEC62368_1E
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List of Attachments (including a total number of pages in each attachment):

National Differences (8 pages)
Enclosures (252 pages)

Summary of testing:

Tests performed (name of test and test clause): | Testing Location:

Unless otherwise noted, test are all conducted in
CBTL: UL Solutions Melville

1285 Walt Whitman Road, Melville, NY, 11747, USA

B.2.6,5.4.1.4,6.3, 9.3, B.1.5 - NORMAL
OPERATING CONDITIONS TEMPERATURE
MEASUREMENT

B.3 — SIMULATED ABNORMAL OPERATING
CONDITIONS

B.4 — SIMULATED SINGLE FAULT CONDITIONS
G.9 — IC CURRENT LIMITERS

Summary of compliance with National Differences (List of countries addressed):
United States of America - US, Canada - CA

X] The product fulfils the requirements of CSA/UL 62368-1:2019

Use of uncertainty of measurement for decisions on conformity (decision rule) :

X No decision rule is specified by the IEC standard, when comparing the measurement result with the applicable
limit according to the specification in that standard. The decisions on conformity are made without applying the
measurement uncertainty (“simple acceptance” decision rule, previously known as “accuracy method”).

[] Other:... (to be specified, for example when required by the standard or client, or if national accreditation
requirements apply)

Information on uncertainty of measurement:

The uncertainties of measurement are calculated by the laboratory based on application of criteria given by OD-
5014 for test equipment and application of test methods, decision sheets and operational procedures of IECEE.
IEC Guide 115 provides guidance on the application of measurement uncertainty principles and applying the
decision rule when reporting test results within IECEE scheme, noting that the reporting of the measurement
uncertainty for measurements is not necessary unless required by the test standard or customer.

Calculations leading to the reported values are on file with the NCB and testing laboratory that conducted the
testing.

TRF No. IEC62368_1E
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Report Reference #

Copy of marking plate:

IimcenroenATES

The artwork below may be only a draft. The use of certification marks on a product must be authorized by the
respective NCBs that own these marks.

E322375-A6029-CB-1

AP2101/AP2111

Marking Information

(1) so-8

B[ [6l fd

( Top View )

Logo «——1}
Part Number <—1— AP21 D
6 : Active Low FJK

7 : Active High

YYWW X
L

— 1: 1 Channel

YY : Year: 08, 09,10~
WW : Week : 01~52; 52
represents 52 and 53 week
X : Internal Code

—» G : Green

INEREE

(2) MSOP-8EP

(Top View )

[8| [ [6] [8]

—
Logo «—— ) | | YWXE{

Part Number «—1— AP21 D
6: Active Low <—J

7 : Active High L]

IRERERD!

—» A~Z: Green
—» MSOP-8-EP

Y:Year:0™9

W :Week:a~z: 1726 week;
A~Z : 27752 week; Z represents
52 and 53 week

r— 1:1Channel

TRF No. IEC62368_1E
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AP2141/ AP2151

Marking Information

(1) sos
(Top View)
[l [ [Fl @&
T
. nmLt . 2;51 X——»t 1 Channel
a imber €—— ,——bG Green
4 —aPa1X YY : Year : 08, 09,10~
5 - Active High YYWWXX WW : Week  01-52; 52
represents 52 and 53 week
X Intenal Code

o
OF O

(2) MSOP-8EP
( Top View )

Bl [6] [5]
— A~Z : Green

N ]
Logo +—— Y W X E1T— MSOP-8EP
)I 1 Yw Y Year:0~9

Part Number «—— AP21 W : Week : A~Z: 1~26 week;
4 - Active Low +— ’_)J 2—1:575-352 week; z represents
C i - -

Hla i +—= 1: 1 Channel
W& Bl

(3) SOT25

( Top View)

XX Identification code
Y : Year0~-9
XXY WX W : Week : A~Z : 1~-26 week;
a~z - 27~52 week; z represents
52 and 53 week

T [2] [8] X:A-Z:Green

Device Package Type Identification Code
AP2141W SOT25 HR
AP2151W SOT25 HS
(4) U-DFN2018-6
(Top View)
XX : Identification Code

XX Y : Year : 0~9
YWX W Week : A~Z - 1~26 week;
. a~z : 27~52 week; z represents
52 and 53 week
X :A~Z: Green
Device Package Type ion Code
AP2141FM U-DFN2018-6 HR
AP2151FM U-DFN2018-6 HS

TRF No. IEC62368_1E
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imcomromATS

AP2146/AP2156

Marking Information

(1) sos
( Top view )
[ 1 f6 [8]
"
Aas L‘f: ; _All='|21 g% 62 Channe
art Number 4—— ;_,———»G,Green
4 : Active Low¢— YY : Year: 08, 09,10~
5 : Active High YY WW X X WW - Week - 01-52: 52
° represents 52 and 53 week
X Internal e
O B B [
(2) MSOP-SEP
( Top view )
B[ [l B
) A~Z: Green
Logo « ! 1 XYWXE{—» MSOP-8EP
Y : Year: 0~9
Part Number AP21 X6 w er7ek5:2A~2 k1 ~26 weekm
4 Active Low <« 2 i a~z : 27~52 week; z represents
5 : Active High ° & 22 ;nghia::‘r\‘n;olok
O & B 4

TRF No. IEC62368_1E
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IimconronATES

Marking Information

(1) sos

(Top View)

[{l [ [l [
Logoe—— )1}
Part Number «—— AP2151A YY : Year : 08, 09,10~
WW : Week : 01~52; 52
YY WW XX Tepresents 52 and 53 week
5 XX * Internal Code
[DEERE]
(2) MSOP-8EP
(Top View )
[l 7] [6 [l
Logo «——— )| | YW X E+— MSOP-8EP
Y:Year:0~9
PartN PO I Week : A~Z : 1~26 week;
art Number AP2151A %~2.27.52 week; z represents
52 and 53 week
O X : Internal Code
INENERD|
(3) sor2s

(Top View)
[5] [3]
XX : Identification code
Y:Year0~9
XXY WX W : Week : A~Z : 1~26 week;
a~z : 27~52 week; z represents
52 and 53 week

07 [2] [3] X:A-Z:Green

| Device | Package Type [ Identification Code |
I AP2151AW | SOT25 i VU
(4) U-DFN2018.6
(Top View)

XX : Identification Code
Y : Year: 0~9
W Week : A~Z : 1~26 week,
a-~z : 27~52 week; Z represents

XX

52 and 53 week
X:A~Z:Green
| Device | Package Type | Code |
| ArP2151aFM | UDFN20186 | ZU 1

TRF No. IEC62368_1E
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AP2161/ AP2171

IimcoemnronATES

Marking Information

(1) sos
( Top view)

Bl [ @ [
Logoe——)ii |

Part Number +——

s Amsion T vawxk | s,

7:Active Hoh W Week 01-52, 52

.
g EH

(2) MSOP-8EP

( Top view )
[l [ _[6 [&

(N ]
Logo «—— Y W X E— MSOP-8EP
Ji Y Year: 0-8
Part Number «——— W - Week : A~Z : 1~26 week;
6:Active Low AP21§ giz e 12175:352 weiek, Zrepresents
> and 53 wee
7 : Active High L] > 1- 1 Channel

[INERERT

(3) SOT25
( Top View)

[] [4]

XX : Identification code
Y :Year0~9
XXY WX W : Week : A~Z : 1~26 week;
a~z - 27~52 week; Z represents
52 and 53 week

T 2] [3] X:A-Z:Green

Device Package type Identification Code
AP2161W SOT25 HT
AP2171W SOT25 HU

(4) U-DFN2018-6
(Top View)
XX : Identification Code
XX Y : Year:0~9
YWX W : Week : A~Z : 1~26 week;
. a~z : 27~52 week; z represents
52 and 53 week
X:A~Z:Green

Device Package type Identification Code
AP2161FM U-DFN2018-6 HT
AP2171FM U-DFN2018-6 HU

TRF No. IEC62368_1E
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AP2161A/ AP2171A
Marking Information
(1) so-s8
(Top view)
[l [ [3]
Logo #—— 1}
Part Number «—— AP2‘|§ 1A YY : Year: 08 0910~
6 ! Active Low+— WW Week 01~52 52
7 ! Active High YY WW XX represents 52 and 53 week
o X  Internal Code
IEREND)
(2 MSOP-S8EP
(Top view)
[e] [7 [o 5]
Logo «—— )| | YWXE|— MSOP-8EP
Y Year 0~9
Part Number «——— AP21X1A W : Week : A~Z : 1~26 week
- } az: 27~52 week  z represents
§ ! Active Low +— 52 and 53 week
7 ' Active High L] X Intemal Code
W 2 B W
(3 sorzs
( Top View )
[5] [4]
XX : Identification code
Y : Year 0-9
XXY WX W : Week : A-Z : 126 week;
a-z : 27~52 week; Z represents
52 and 53 week
07 2] [3] X:A-Z:Green
Device Package type Code
AP2161AW SOT25 wW
AP2171AN SOT25 W
(4 U-DFN2018-6
(Top View)
XX ! Identification Code
XX Y : Year: 0~9
YWX W: Week : A~Z : 1~26 week
. a~2 : 27~52 week; z represents
52 and 53 week
X A~Z : Green
Device Package type Identification Code
AP21G1AFM U-DFN20186 v
AP2171AFM U-DFN2018-6 ZW

TRF No. IEC62368_1E



Issue Date:

2024-07-24

Page 11 of 71

Report Reference # E322375-A6029-CB-1

(1) U-DFN2018-6

enr o mAY

(Top View)

XX
WX

:Year:0~9

<

: Identification Code

:Week : A~Z : 1~26 week;
a~z : 27~52 week; z represents

52 and 53 week

>

Internal Code

AP21410/ AP21510

Device

Package Type Identification Code

AP21410FM

U-DFN2018-6

GA

AP21510FM

U-DFN2018-6

GP

TRF No. IEC62368_1E
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AP2181A/AP2191A
Marking Information
(1) Sos8
(Top View)
[l [ & [
Logo «——)}}
Part Number +—— AP21X 1A YY : Year: 08, 09,10~
: Active Low +— - Week : 01~52; 52
§ Active High YY WW XX %esemsSZandSBweek
6 XX : Intemal Code
[IENERS]
(2) MSOP-SEP
(Top View)
[Bl 7 [6 [
Logo 1 | YW X Ef—> mMsop-8eP
Y - Year: 0-9
Part Number <——— AP21X1A W : Week : A~Z : 1~26 week;
8- Active Low 4—4 B e eE 2 e
9 Active High o X : Intemal Code
[INENERT]
(3) soTva2s
(Top View )
[51 4

XX : Identification code
Y :Year0~9
XXY WX W : Week : A~Z - 1~26 week;
a~Z : 27~52 week; z represents
52 and 53 week

O7 [2] [3] X:A~Z:Green

Device Package Type Identification Code
AP2181AW SOT25 VX
AP2191AW SOT25 VY

(4) U-DFN2018-6
(Top View)
XX ifi Code
XX Y : Year : 0~
YWX W: Week : A~Z : 1~26 week;
. a~z : 27~52 week; z represents
52 and 53 week
X :A~Z: Green
Device Package Type Identification Code

AP2181AFM U-DFN2018-6 ZX
AP2191AFM U-DFN2018-6 ZY

TRF No. IEC62368_1E
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AP2181/ AP2191

IimcomRPOomATED

Marking Information

(1) sos
( Top view )
[l [ [6] [5]
)
- LC:;O ! '1 — 1:1 Channel
art Number ¢——1— AP2 [——b G : Green
8 : Active Low C—Jx YY : Year: 08, 09,10~
9 : Active High YY WW X X WW : Week : 01752; 52
° represents 52 and 53 week
X : Intemal Code
INZERD!
(2 MSOP-8EP
( Top view )
(6l [7] [e] fsl
—1— A-Z:Green
Logo «—— ) | } YWX E{— MSOP-BL-EP
Y : Year:0-9

Part Number «——— W :Week : A~Z : 1~26 week;
e AP21 a-z : 27~52 week; z represents
[ ]

8 : Active Low +— 52 and 53 week
INERERD)

9 : Active High — 1:1 Channel

Marking Information (continueq)

(3) soT2s
( Top View )
[5] [4]
XX : Identification code
Y : Year 0-9
XXY WX W : Week : A-Z : 126 week;
a-z : 27~52 week; z represents
52 and 53 week
O7 12T T3] X:A-Z:Green
Device Package type Code
AP2181W SOT25 HX
AP2191W SOT25 HY
(4) U-DFN2018-6
(Top View)
XX : Identification Code
XX Y Year:

y 0~9
WX W Week A-Z:1-26 week
a~z : 27~52 week 7 represents

52 and 53 week
X A~Z:Green
Device Package type Code
AP2181FM U-DFN2018-6 HX
AP2191FM U-DFN2018-6 HY

TRF No. IEC62368_1E
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AP2161D/AP2171D
ll"l!lln'l"
Marking Information
(1) so-8
(Top View)
[(| [l [6 [4
Logo «—— )1} +— 1: 1 Channel
PartNumber <—— AP21XX D Y- Yoar: 08, 09,10~
A e YW XX Toptosonts 52 and 63 weok
) 9 X Internal Code
° —> G : Green
OIERE |
(2) MsoP-8
( Top view )
] [ [e] [l
— X: Intemal Code
togo —1— ) 1} yw |
X: Year :0~9
PartNumber «——— AP21X 1D W : Week : A~Z : 1~26 week;
6:Activelow | T a~z: 27~52 week;z represents
7 :Active High ) 52and 53 week
I~ 1:1 Channel

i I 1af 14

TRF No. IEC62368_1E
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_ AP2161D/AP2171D

Marking Information (continueq)

(3) MSOP-8EP
( Top view)
[——’ X: Intemal Code
Logo «+—— D. 1 YW X E+— MSOP-8EP
X: Year :0~9
PartNumber «—— Ap21 X1D W :Week : A~Z : 1~26 week;
6:Activelow | T a~z:27~52week;z represents
7 : Active High |, 52and53 week
U U U U I 1:1 Channel
(4 soT2s
( Top View )
[51] [4]

XX : ldentification code
Y :Year0-9
XXY WX W :Week : A~Z : 1~26 week;
a~z : 27~52 week; z represents
52 and 53 week

07 12] 18] X :A~Z : Green

Device Package Type Identification Code
AP2161DW SOT25 JC
AP2171DW SOT25 JD
(5) U-DFN2018-6
(Top View)

XX ° |dentification Code
Y :Year 0~9
YWX W: Week : A~Z  1~28 week;
. a2 27~52 week z represents

52 and 53 week
X:A-Z Green
Device Package Type Identification Code
AP2161DFM U-DFN2018-6 JC
AP2171DFM U-DFN2018-6 JD

TRF No. IEC62368_1E
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IimcommonATES

AP2181D/AP2191D
Marking Information
(1) sos8
(Top View)
[¢] [ _[s]
Logo «——— )|} > 1:1Channel
«— YY : Year : 08, 09,10~
:T:;,',Tf:, ._MKD WW : Week : 01~52; 52
9 : Active High YYWWXX represents 52 and 53 week
X : Internal Code
0 +— G : Green
[IENERE!
(2) MSoP-8
( Top view )
[l [ [6l [l
—* X: Intemal Code
togo e—1—) 1} yw|
X: Year:0~9
PartNumber «——— AP21X 1D MY - Week - A~Z - 1~26 week
9: Active High a~z: 27~52 week;z represents

52and 53 week

o I— 1: 1 Channel
[INFER"

TRF No. IEC62368_1E
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ItNseRPOeERATESR

AP2181D/AP2191D

Marking Information (cont)

(3) MSOP-SEP

(4) soOT25

Logo +—

( Top view )

[el [7] [el [l

PartNumber «———AP21X 1D
8:Activelow 1 T

[
11 XYWXE

[ X: Internal Code
—> MSOP-B8EP
X: Year :0~9
M - Week : A~Z : 1~26 week;
a~z: 27~52week;z represents
|, S2and 53 week

(5) U-DFN20186

o]
1:1Chi |
L & Bl e
( Top View )
5] [ _
XX : Identification code
Y:Year0~9
XXYWX W : Week : A~Z : 1~26 week;
a~z : 27~52 week; z represents
52 and 53 week
0O 2] [3] X:A~Z:Green
Device Package Type Identification Code
AP2181DW S0T25 JE
AP2191DW SOT25 JF
(Top View)
XX : Identification Code
XX Y :Year:0~9
YWX W - Week : A~Z : 1~26 week;
L a~z : 27~52 week; z represents
52 and 53 week
X:A~Z:Green
Device Package Type Identification Code
AP2181DFM U-DFN2018-8 JE
AP2191DFM U-DFN2018-8 JF

TRF No. IEC62368_1E




Issue Date: 2024-07-24 Page 18 of 71 Report Reference # E322375-A6029-CB-1

DICOES AP2141D/ AP2151D
Marking Information
(1) so-8
(Top View)
B[ _[6 [8
Logo +—1— : : [——> 1 :1 Channel
| YY : Year : 08, 09,10~
;a:c:::f::v : AP21XXD WW : Week : 01~52; 52
5 : Active High YYWWX represents 52 and 53 week
X : Internal Code
° +—» G : Green
[ONENE T

TRF No. IEC62368_1E
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AP2141D/ AP2151D

IimcomPOoRATSES

Marking Information (continued)

(2) MSOP-8EP

{ Top view)
Bl 7 [ [l
— X : Internal Code

Logo «+——— )} | YW XE | —» MSOP-8EP
Y :Year:.0~9

Part Number «———AP21 X 1D W: Week: A~Z - 1~28 week:
4: Active Low a~z : 27~52 week; z represents

5 : Active High Y 52 and 53 week
bl 2 B W

% 1: 1 Channel

(3) soT2s

(Top View)

[5]

[=]

: Identification code

: Year 0~9

: Week : A~Z : 1~26 week;
a~z : 27~52 week; z represents
52 and 53 week

: A~Z : Green

= < B

XXY W

07 2]

[

Device Package Type Code
AP2141DW SOT25 JA
AP2151DW SOT25 JB

(4) U-DFN2018-6

Device Package type Code
AP2141DFM U-DFN2018-6 JA
AP2151DFM U-DFN2018-6 JB

Note: The above markings are the minimum requirements required by the safety lab. For the final production
samples, the additional markings which do not give rise to misunderstanding may be added.

TRF No. IEC62368_1E
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Test item particulars:

Product group

built-in component

Classification of use by

Ordinary person

Supply Connection

not mains connected:

ES1
Supply tolerance None
Supply connection — type N/A
Considered current rating of protective device N/A A;
Equipment mobility for building-in
Over voltage category (OVC) ovCl
Class of equipment Class llI
Special installation location N/A
Pollution degree (PD) PD 2
Manufacturer’s specified Tma (°C) 85°C
IP protection class IPX0

Power systems

not AC mains

Altitude during operation (m)

2000 m or less

Altitude of test laboratory (m)

2000 m or less

Mass of equipment (kg) <0.1kg
Possible test case verdicts:

- test case does not apply to the test object....: N/A

- test object does meet the requirement............ P (Pass)
- test object does not meet the requirement....: F (Fail)

Testing:

Date of receipt of test item .......cccccccvvvcivvvce v :

Date (s) of performance of tests.......ccccvvvvevcvevcinnnns :

2010-07-13,2010-01-20,2015-05-04,2023-05-09,2024-04-
01

2010-07-13 TO 2010-09-03, 2010-01-20 TO 2010-03-03,
2015-05-12 TO 2015-05-21, 2023-10-05 TO 2024-06-
25,2024-05-31 TO 2024-06-12

General remarks:

"(See Enclosure #)" refers to additional information appended to the report.
"(See appended table)" refers to a table appended to the report.

Throughout this report a [ ] comma/ [X] point is used as the decimal separator.

Manufacturer’s Declaration per sub-clause 4.2.5 of IECEE 02:
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The application for obtaining a CB Test Certificate ] Yes

includes more than one factory location and a [X] Not applicable
declaration from the Manufacturer stating that the
sample(s) submitted for evaluation is (are)
representative of the products from each factory has
been provided .........ccccccee i :

When differences exist; they shall be identified in the General product information section.

Name and address of factory (ies) .....ccccevevevvennennn . DIODES SHANGHAI CO LTD
No 1 Lane 18 San Zhuang Rd
Songjiang, Shanghai, 201600
China

General product information and other remarks:

Product Description

The component power distribution switch (IC Current Limiter) limits the output current to within the specified
output ratings. These devices provide current limiting and short-circuit protection when supplied by a power
source (e.g., 250 VA) in accordance with those specified for LPS outputs. These devices are for use in ES1
circuits only.

Model Differences

Model AP21410 is identical to Model AP21510 except Model AP21410 is Enable Active Low while Model
AP21510 is Enable Active high.

Model AP2141 is identical to Model AP2151 except Model AP2141 is Enable Active Low while Model AP2151 is
Enable Active high.

Model AP2141A is identical to Model AP2151A except Model AP2141A is Enable Active Low while Model
AP2151A is Enable Active high.

Model AP2146 is identical to Model AP2156 except Model AP2146 is Enable Active Low while Model AP2156 is
Enable Active high.

Model AP2161 is identical to Model AP2171 except Model AP2161 is Enable Active Low while Model AP2171 is
Enable Active high.

Model AP2161A is identical to Model AP2171A except Model AP2161A is Enable Active Low while Model
AP2171A is Enable Active high.

Model AP2181 is identical to Model AP2191 except Model AP2181 is Enable Active Low while Model AP2191 is
Enable Active high.

Model AP2181A is identical to Model AP2191A except Model AP2181A is Enable Active Low while Model
AP2191A is Enable Active high.

Model AP2101 is identical to Model AP2111 except Model AP2101 is Enable Active Low while Model AP2111 is
Enable Active high.

Model AP2141D is identical to Model AP2151D except Model AP2141D is Enable Active Low while Model
AP2151D is Enable Active high.

Model AP2161D is identical to Model AP2171D except Model AP2161D is Enable Active Low while Model
AP2171D is Enable Active high.

Model AP2181D is identical to Model AP2191D except Model AP2181D is Enable Active Low while Model
AP2191D is Enable Active high.

Additional Information
Manufacturer's Specification Sheet is available per request.
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MARKING: The Recognized Company, trade name (Diodes), trademark, catalog number, and Recognized
Component Mark on the smallest package or reel. Electrical ratings, including voltage range, maximum
continuous current, protective current and operating temperatures shall be provided on the manufacturer’s
device specific datasheet. Electrical ratings are optional. The datasheet maybe web-based provided it is publicly
accessible on the internet.

Technical Considerations

e The product was submitted and evaluated for use at the maximum ambient temperature (Tma)
permitted by the manufacturer’s specification of : 85

Engineering Conditions of Acceptability
When installed in an end-product, consideration must be given to the following:

e These devices are integrated circuits and electrical spacings within the device are not specified.

e These devices are entirely electronic in nature and have no means for manual operation or reset.

e The terminals of these devices are for factory wiring only and are intended to be mounted on printed
wiring board.

e These devices have only been evaluated for supplementary overcurrent protection of secondary circuits
supplied by the load side of a transformer or battery, and have not been evaluated for branch-circuit
protection.

e Use on secondary supply circuits with a higher power capability requires additional evaluation for
reliability, such as are contained in the Standard for Safety-Related Controls Employing Solid-State
Controls, UL 991.

e These devices limit currents to values less than the overcurrent protection rating of 5 amperes.

e These devices have not been subjected Tests for Telecom applications and their suitability for
connection to telecommunication networks with outside plant connections should be determined in the
end-use.

e These devices were evaluated with respect to continuous current operation at the current levels shown
in the electrical ratings section of this report.
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OVERVIEW OF ENERGY SOURCES AND SAFEGUARDS
Clause Possible Hazard
5 Electrically-caused injury
Class and Energy Source Body Part Safeguards
(e.g. ES3: Primary circuit) (e.g. Ordinary) B S R
ES1: Input Circuits Ordinary N/A N/A N/A
ES1: Output Circuits Ordinary N/A N/A N/A
6 Electrically-caused fire
Class and Energy Source Material part Safeguards
(e.g. PS2: 100 Watt circuit) (e.g. Printed board) B 1st S ond §
See sub- For building- N/A
clause 6.3. in. The
PS2 Output Circuits relevant
energy to be
evaluated in
end-product.
7 Injury caused by hazardous substances
Class and Energy Source Body Part Safeguards
(e.g. Ozone) (e.g., Skilled) B S R
N/A N/A N/A N/A N/A
8 Mechanically-caused injury
Class and Energy Source Body Part Safeguards
(e.g. MS3: Plastic fan blades) (e.g. Ordinary) B S R
N/A N/A N/A N/A N/A
9 Thermal burn
Class and Energy Source Body Part Safeguards
(e.g. TS1: Keyboard caps) (e.g., Ordinary) B S R
N/A (For building-in. The relevant N/A N/A N/A
energy to be evaluated in end- N/A
product.)
10 Radiation
Class and Energy Source Body Part Safeguards
(e.g. RS1: PMP sound output) (e.g., Ordinary) B S R
N/A N/A N/A N/A N/A
Supplementary Information:
“B” — Basic Safeguard; “S” — Supplementary Safeguard; “R” — Reinforced Safeguard
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ENERGY SOURCE DIAGRAM

Optional. Manufacturers are to provide the energy sources diagram identify declared energy sources and
identifying the demarcations are between power sources. Recommend diagram be provided included in power
supply and multipart systems.

Insert diagram below. Example diagram designs are; Block diagrams; image(s) with layered data; mechanical
drawings

[IES [pPs [ImMs [JTs LIRS
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IEC 62368-1
Clause Requirement + Test Result - Remark Verdict
4 GENERAL REQUIREMENTS Pass
41.1 Acceptance of materials, components and Pass
subassemblies
4.1.2 Use of components Pass
4.1.3 Equipment design and construction Pass
414 Specified ambient temperature for outdoor use (°C) N/A
4.1.5 Constructions and components not specifically N/A
covered
4.1.8 Liquids and liquid filled components (LFC) N/A
4.1.15 Markings and instructions (See Annex F) Pass
4.4.3 Safeguard robustness N/A
443.1 General N/A
4.4.3.2 Steady force tests N/A
4.4.3.3 Drop tests N/A
4.4.3.4 Impact tests N/A
4.4.35 Internal accessible safeguard tests N/A
4.4.3.6 Glass impact tests N/A
4437 Glass fixation tests N/A
Glass impact test (1J) N/A
Push/pull test (10 N) N/A
4.4.3.8 Thermoplastic material tests N/A
4.4.3.9 Air comprising a safeguard N/A
4.4.3.10 Accessibility, glass, safeguard effectiveness N/A
444 Displacement of a safeguard by an insulating liquid N/A
445 Safety interlocks N/A
4.5 Explosion N/A
45.1 General N/A
45.2 No explosion during normal/abnormal operating N/A
condition
No harm by explosion during single fault conditions N/A
4.6 Fixing of conductors N/A
Fix conductors not to defeat a safeguard N/A
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IEC 62368-1
Clause Requirement + Test Result - Remark Verdict
Compliance is checked by test...........ccceevviiieenns : N/A
4.7 Equipment for direct insertion into mains socket—outlets N/A
4.7.2 Mains plug part complies with relevant standard .. : N/A
4.7.3 Torque (NM) .o : N/A
4.8 Equipment containing coin/button cell batteries N/A
48.1 General N/A
48.2 Instructional safeguard ............cccceviiiieiniiieeennn. : N/A
4.8.3 Battery compartment door/cover construction N/A
Open torque test N/A
4.8.4.2 Stress relief test N/A
4.8.4.3 Battery replacement test N/A
48.4.4 Drop test N/A
4845 Impact test N/A
4.8.4.6 Crush test N/A
4.8.5 Compliance N/A
30N force test with test probe N/A
20N force test with test hook N/A
4.9 Likelihood of fire or shock due to entry of N/A
conductive object
4.10 Component requirements N/A
4.10.1 Disconnect Device N/A
4.10.2 Switches and relays N/A
5 ELECTRICALLY-CAUSED INJURY Pass
5.2 Classification and limits of electrical energy sources N/A
5.2.2 ES1, ES2 and ES3 limits Outputs complied with ES1. N/A
5.2.2.2 Steady-state voltage and current limits ....................: N/A
5.2.2.3 Capacitance lImitS .......c.cccoveeieiienien i N/A
5224 Single pulse IMItS .......coooiiiii e N/A
5.2.25 Limits for repetitive pulSes ........ccccoceeieriieeniiienee N/A
5.2.2.6 Ringing signals N/A
5.2.2.7 Audio signals N/A
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IEC 62368-1
Clause Requirement + Test Result - Remark Verdict
5.3 Protection against electrical energy sources N/A
531 General Requirements for accessible parts to For building-in. To be evaluated N/A
ordinary, instructed and skilled persons in end-product.
5.3.14a) Accessible ES1/ES2 derived from ES2/ES3 circuits N/A
5.3.1b) Skilled persons not unintentional contact ES3 bare N/A
conductors
53.21 Accessibility to electrical energy sources and N/A
safeguards
Accessibility to outdoor equipment bare parts N/A
5.3.2.2 Contact requirements N/A
Test with test probe from Annex V —
5.3.2.2a) |Air gap — electric strength test potential (V) .............: N/A
5.3.2.2b) |Airgap —distance (IMmM) .......cccccoeeevvieeeiiinees e N/A
5.3.2.3 Compliance N/A
5324 Terminals for connecting stripped wire N/A
5.4 Insulation materials and requirements Pass
54.1.2 Properties of insulating material Pass
54.1.3 Material is non-hygroscopic N/A
5414 Maximum operating temperature for insulating (See Table 5.4.1.4, 9.3, B.1.5, Pass
MaterialS ........cccoceviiiiiniiiiirr e | BL2.6)
5415 Pollution degrees .........cccocevevieeiiiienieesieseesieenens. |PD 2 Pass
54.15.2 Test for pollution degree 1 environment and for an N/A
insulating compound
5.4.15.3 Thermal cycling test N/A
5.4.1.6 Insulation in transformers with varying dimensions N/A
54.1.7 Insulation in circuits generating starting pulses N/A
54.1.8 Determination of working voltage ...........c.ccooeveneent N/A
54.19 Insulating surfaces N/A
54.1.10 Thermoplastic parts on which conductive metallic N/A
parts are directly mounted
5.4.1.10.2 | ViICAL ST ...ccveeiiiiriieiieesiee ettt N/A
5.4.1.10.3 |Ball pressure teSt ......cccvvvveveveeevee e seeesee e s N/A
54.2 Clearances N/A
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Clause Requirement + Test Result - Remark Verdict
5421 General requirements N/A
Clearances in circuits connected to AC Mains, N/A
Alternative method
5.4.2.2 Procedure 1 for determining clearance N/A
Temporary overvoltage ..........cccccovneneineninennnd —
5.4.2.3 Procedure 2 for determining clearance N/A
5.4.2.3.2.2 |a.c. mains transient voltage. .............cccccevvvvreriiinnenns —
5.4.2.3.2.3 |d.c. mains transient voltage ............ccccccevvvveriiinnenn —
5.4.2.3.2.4 | External circuit transient voltage............cccooeeveerennnns —
5.4.2.3.2.5 | Transient voltage determined by measurement ......: —
5424 Determining the adequacy of a clearance using an N/A
electric strength test ........ccovviiiin i
5425 Multiplication factors for clearances and test voltages N/A
5.4.2.6 Clearance measurement ...........ccooeeveeneeneeneeseennn s N/A
5.4.3 Creepage distances N/A
543.1 General N/A
54.3.3 Material Group .......ceeveeieeieeneeree e —
5.4.3.4 Creepage distances measurement ............cccceeeevunnns N/A
544 Solid insulation N/A
5441 General requirements N/A
5.4.4.2 Minimum distance through insulation ......................: N/A
5.4.4.3 Insulating compound forming solid insulation N/A
5444 Solid insulation in semiconductor devices N/A
5.4.45 Insulating compound forming cemented joints N/A
5.4.4.6 Thin sheet material N/A
5446.1 General requirements N/A
5.4.46.2 Separable thin sheet material N/A
Number of layers (PCS) ...evvreerriiiiiie e N/A
5.4.4.6.3 Non-separable thin sheet material N/A
Number of layers (PCS) ..cccvvrrrreeeiiiiiiiieeeee e e e e : N/A
54.46.4 Standard test procedure for non-separable thin N/A
sheet material ..o :
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Clause Requirement + Test Result - Remark Verdict

54.46.5 Mandrel test N/A

5447 Solid insulation in wound components N/A

54.4.9 Solid insulation at frequencies >30 kHz, Ep, Kr, d, N/A
VPW (V) ettt :
Alternative by electric strength test, tested voltage N/A
(V) KR ettt :

545 Antenna terminal insulation N/A

5451 General N/A

545.2 Voltage surge test N/A

5453 Insulation resistance (MQ)...........cccoeeeiiiiii. : N/A
Electric strength teSt..........cccovei e N/A

5.4.6 Insulation of internal wire as part of supplementary N/A
safeguard

5.4.7 Tests for semiconductor components and for N/A
cemented joints

54.8 Humidity conditioning N/A
Relative humidity (%), temperature (°C), duration —
() e :

5.4.9 Electric strength test N/A

549.1 Test procedure for type test of solid insulation.......: N/A

5.4.9.2 Test procedure for routine test N/A

5.4.10 Safeguards against transient voltages from external N/A
circuits

5.4.10.1 Parts and circuits separated from external circuits N/A

5.4.10.2 Test methods N/A

5.4.10.2.1 |General N/A

5.4.10.2.2 |IMPUISE tESL ..evvviiiiiiiiiiiiiiee e : N/A

5.4.10.2.3 |Steady-state test.......cccoovriiiiiiiiiiiiiee e : N/A

5.4.10.3 Verification for insulation breakdown for impulse N/A
LT STV :

5.4.11 Separation between external circuits and earth N/A

54.11.1 Exceptions to separation between external circuits N/A
and earth

5.4.11.2 Requirements N/A
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Clause Requirement + Test Result - Remark Verdict
SPDs bridge separation between external circuit N/A
and earth
Rated operating voltage Uop (V) ......cccocveiieiirnnnnne : —
Nominal voltage Upeak (V) ....cvveeeiiiiieeiiiiieiiiiieeees : —
Max increase due to variation AUsp ........cccceeeeneeeee : —
Max increase due to ageing AUsa .......cccvvvvveeeeeeeee. : —
5.4.11.3 Test method and compliance ..................ooeeeee. : N/A
5.4.12 Insulating liquid N/A
54.12.1 General requirements N/A
5.4.12.2 Electric strength of an insulating liquid .................. : N/A
5.4.12.3 Compatibility of an insulating liquid ....................... : N/A
5.4.12.4 Container for insulating liquid ............ccccoceiinnnnnnnns : N/A
55 Components as safeguards N/A
551 General N/A
5.5.2 Capacitors and RC units N/A
5521 General requirement N/A
55.2.2 Safeguards against capacitor discharge after N/A
disconnection of & CONNECLOr .........ccevevvveereriineenen. :
55.3 Transformers N/A
554 Optocouplers N/A
555 Relays N/A
55.6 Resistors N/A
5.5.7 SPDs N/A
55.8 Insulation between the mains and an external N/A
circuit consisting of a coaxial cable ...................... :
55.9 Safeguards for socket-outlets in outdoor equipment N/A
RCD rated residual operating current (mA)........... : —
5.6 Protective conductor N/A
5.6.2 Requirement for protective conductors N/A
5.6.2.1 General requirements N/A
5.6.2.2 Colour of insulation N/A
5.6.3 Requirement for protective earthing conductors N/A

TRF No. IEC62368_1E




Issue Date: 2024-07-24 Page 31 of 71 Report Reference # E322375-A6029-CB-1
IEC 62368-1
Clause Requirement + Test Result - Remark Verdict
Protective earthing conductor size (mm?) .............. : —
Protective earthing conductor serving as a N/A
reinforced safeguard
Protective earthing conductor serving as a double N/A
safeguard
5.6.4 Requirements for protective bonding conductors N/A
5.6.4.1 Protective bonding conductors N/A
Protective bonding conductor size (mm?). .............. : —
5.6.4.2 Protective current rating (A)........cevevveeeveeeeeeeeeeenennnns : N/A
5.6.5 Terminals for protective conductors N/A
5.6.5.1 Terminal size for connecting protective earthing N/A
CcoNAUCLOrS (IMM) ....uueieieiieiiiiieiaaes :
Terminal size for connecting protective bonding N/A
(ofo] g o [W e 0] £ (0] 10 ISR
5.6.5.2 Corrosion N/A
5.6.6 Resistance of the protective bonding system N/A
5.6.6.1 Requirements N/A
5.6.6.2 Test Method........cooviiiiii e, : N/A
5.6.6.3 Resistance (Q2) or voltage drop...........cccceevviiveeennns : N/A
5.6.7 Reliable connection of a protective earthing N/A
conductor
5.6.8 Functional earthing N/A
Conductor size (MM?3).......ccoveviiieiiie e : N/A
Class Il with functional earthing marking .............. : N/A
Appliance inlet cl & cr (MmM) ......coceeviiiieiiiiieenn, : N/A
5.7 Prospective touch voltage, touch current and protective conductor current N/A
5.7.2 Measuring devices and networks N/A
5721 Measurement of touch current N/A
5.7.2.2 Measurement of voltage N/A
5.7.3 Equipment set-up, supply connections and earth N/A
connections
5.7.4 Unearthed accessible parts...........cccoevvveveeeniiinnns : N/A
5.7.5 Earthed accessible conductive parts..................... : N/A
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IEC 62368-1
Clause Requirement + Test Result - Remark Verdict
5.7.6 Requirements when touch current exceeds ES2 N/A
limits
Protective conductor current (MA) ......cccceveeeeeiiinnns : N/A
Instructional Safeguard..............ccccvveeeveeiiiiiiinnnen. : N/A
57.7 Prospective touch voltage and touch current N/A
associated with external circuits
57.7.1 Touch current from coaxial cables N/A
57.7.2 Prospective touch voltage and touch current N/A

associated with paired conductor cables

5.7.8 Summation of touch currents from external circuits N/A

a) Equipment connected to earthed external N/A
Circuits, current (MA).....cc.eeee e :

b) Equipment connected to unearthed external N/A
circuits, current (MA).......ccmae :

5.8 Backfeed safeguard in battery backed up supplies N/A
Mains terminal ES..........cccoiiiniiiniie e N/A
AIr gap (MM).eeeeee e N/A
6 ELECTRICALLY- CAUSED FIRE Pass
6.2 Classification of PS and PIS N/A
6.2.2 Power source circuit classifications...........ccccceveenn N/A
6.2.3 Classification of potential ignition sources N/A
6.2.3.1 ArCiNg PIS ..o N/A
6.2.3.2 RESISHIVE PIS ..o N/A
6.3 Safeguards against fire under normal operating and abnormal operating Pass
conditions
6.3.1 No ignition and attainable temperature value less (See Table 5.4.1.4, 9.3, B.1.5, Pass
than 90 % defined by ISO 871 or less than 300 °C B.2.6)
for unknown materialS............ccoveeeiiiiiniiiiiiien :
Combustible materials outside fire enclosure ..........: N/A
6.4 Safeguards against fire under single fault conditions N/A
6.4.1 Safeguard method Control of fire spread method N/A
used.
6.4.2 Reduction of the likelihood of ignition under single N/A
fault conditions in PS1 circuits
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6.4.3 Reduction of the likelihood of ignition under single N/A
fault conditions in PS2 and PS3 circuits
6.4.3.1 Supplementary safeguards N/A
6.4.3.2 Single Fault Conditions..........ccccceeeiiiiiiiieeeee e, . |(See Table B.3, B.4) N/A
Special conditions for temperature limited by fuse N/A
6.4.4 Control of fire spread in PS1 circuits N/A
6.4.5 Control of fire spread in PS2 circuits N/A
6.4.5.2 Supplementary safeguards N/A
6.4.6 Control of fire spread in PS3 circuits N/A
6.4.7 Separation of combustible materials from a PIS N/A
6.4.7.2 Separation by distance N/A
6.4.7.3 Separation by a fire barrier N/A
6.4.8 Fire enclosures and fire barriers N/A
6.4.8.2 Fire enclosure and fire barrier material properties N/A
6.4.8.2.1 Requirements for a fire barrier N/A
6.4.8.2.2 Requirements for a fire enclosure N/A
6.4.8.3 Constructional requirements for a fire enclosure N/A
and a fire barrier
6.4.8.3.1 Fire enclosure and fire barrier openings N/A
6.4.8.3.2 Fire barrier dimensions N/A
6.4.8.3.3 Top openings and properties N/A
Openings dimensions (MM).........ccccceeeievieiciiieiennnn : N/A
6.4.8.3.4 Bottom openings and properties N/A
Openings dimensions (MM)........ccccccveviieeeenieeenen : N/A
Flammaubility tests for the bottom of a fire enclosure N/A
Instructional Safeguard ...........ccccocviiniiininiicieen N/A
6.4.8.3.5 Side openings and properties N/A
Openings dimensions (MM)........cccccceevnieeeenieeenen : N/A
6.4.8.3.6 Integrity of a fire enclosure, condition met: a), b) o N/A
[0 PP TP TTPTPRPPTN :
6.4.8.4 Separation of a PIS from a fire enclosure and a fire N/A
barrier distance (mm) or flammaubility rating .......... :
6.4.9 Flammability of insulating liquid.............ccoceninni N/A
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6.5 Internal and external wiring N/A
6.5.1 General requirements N/A
6.5.2 Requirements for interconnection to building wiring N/A
6.5.3 Internal wiring size (mm?2) for socket-outlets.......... : N/A
6.6 Safeguards against fire due to the connection to additional equipment N/A
7 INJURY CAUSED BY HAZARDOUS SUBSTANCES N/A
7.2 Reduction of exposure to hazardous substances N/A
7.3 Ozone exposure N/A
7.4 Use of personal safeguards or personal protective equipment (PPE) N/A
Personal safeguards and instructions ................... : —
7.5 Use of instructional safeguards and instructions N/A
Instructional safeguard (ISO 7010)..........ccccveeennnee. : —
7.6 Batteries and their protection circuits N/A
8 MECHANICALLY-CAUSED INJURY N/A
8.2 Mechanical energy source classifications N/A
8.3 Safeguards against mechanical energy sources N/A
8.4 Safeguards against parts with sharp edges and corners N/A
8.4.1 Safeguards N/A
Instructional Safeguard............ccccoevviveiiiee e N/A
8.4.2 Sharp edges or corners N/A
8.5 Safeguards against moving parts N/A
851 Fingers, jewellery, clothing, hair, etc., contact with N/A
MS2 or MS3 parts
MS2 or MS3 part required to be accessible for the N/A
function of the equipment
Moving MS3 parts only accessible to skilled person N/A
8.5.2 Instructional safeguard............cccoooviiniiniinnieeneed! N/A
8.5.4 Special categories of equipment containing moving N/A
parts
85.4.1 General N/A
8.5.4.2 Equipment containing work cells with MS3 parts N/A
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85421 Protection of persons in the work cell N/A
8.5.4.2.2 |Access protection override N/A
8.5.4.2.2.1 |Override system N/A
8.5.4.2.2.2 |Visual indicator N/A
85423 Emergency stop system N/A
Maximum stopping distance from the point of N/A
activation (M) .......eoveeieeneeiee e
Space between end point and nearest fixed N/A
mechanical part (MM) ...
8.5.4.24 Endurance requirements N/A
Mecha_nical system subjected to 100 000 cycles of N/A
operation
- Mechanical function check and visual inspection N/A
- Cable assembly ... N/A
8543 Equipment having electromechanical device for N/A
destruction of media
8.54.3.1 Equipment safeguards N/A
8.543.2 Instructional safeguards against moving parts.........: N/A
8.5.4.3.3 Disconnection from the supply N/A
8.5.4.34 Cut type and test force (N)......ccccovcveeeeviieeeeiiieee e N/A
8.5.4.35 Compliance N/A
8.5.5 High pressure lamps N/A
EXPIOSION tESt....veiiiiiiiiieieereere e N/A
8.5.5.3 Glass particles dimensions (Mm) .........cccoceeriiennnnns N/A
8.6 Stability of equipment N/A
8.6.1 General N/A
Instructional safeguard...........ccccoooniiniiniiineeieed! N/A
8.6.2 Static stability N/A
8.6.2.2 Static stability teSt..........cccoveiiiii N/A
8.6.2.3 Downward force test N/A
8.6.3 Relocation stability N/A
Wheels diameter (Mm).......ccccccoevviieeiinenie e —
Tilt test N/A
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8.6.4 Glass slide test N/A
8.6.5 Horizontal force test .......ccooveveeiieiieni e N/A
8.7 Equipment mounted to wall, ceiling or other structure N/A
8.7.1 MOUNt MEANS LYPE.....vveeiieeeieeeriee e vee e ste e e et N/A
8.7.2 Test methods N/A
Test 1, additional downwards force (N)..........c........ N/A
Test 2, number of attachment points and test force N/A
(N ettt
Test 3 Nominal diameter (mm) and applied torque N/A
(NI e
8.8 Handles strength N/A
8.8.1 General N/A
8.8.2 Handle strength test N/A
Number of handles..........cccveiienen —
Force applied (N) ...ccooeieeiiinieee e —
8.9 Wheels or casters attachment requirements N/A
8.9.2 Pull test N/A
8.10 Carts, stands and similar carriers N/A
8.10.1 General N/A
8.10.2 Marking and INStructions............ccccceevvcieeevicviee e N/A
8.10.3 Cart, stand or carrier loading test N/A
Loading force applied (N) ......ccoccovveeniiniiniiineencend! N/A
8.10.4 Cart, stand or carrier impact test N/A
8.10.5 Mechanical stability N/A
Force applied (N) ....ocoviiiii e —
8.10.6 Thermoplastic temperature stability N/A
8.11 Mounting means for slide-rail mounted equipment (SRME) N/A
8.11.1 General N/A
8.11.2 Requirements for slide rails N/A
Instructional Safeguard ...........cccceevvvveiivee e N/A
8.11.3 Mechanical strength test N/A
8.11.3.1 Downward force test, force (N) applied.................... N/A
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8.11.3.2 Lateral push force test N/A
8.11.3.3 Integrity of slide rail end stops N/A
8.11.4 Compliance N/A
8.12 Telescoping or rod antennas N/A
Button/ball diameter (IMm) ........ccoooeevieiieniieneeieed —
9 THERMAL BURN INJURY N/A
9.2 Thermal energy source classifications N/A
9.3 Touch temperature limits N/A
9.3.1 Touch temperatures of accessible parts...................: N/A
9.3.2 Test method and compliance N/A
9.4 Safeguards against thermal energy sources N/A
9.5 Requirements for safeguards N/A
951 Equipment safeguard N/A
9.5.2 Instructional safeguard...........ccccoooriiiiiiiie! N/A
9.6 Requirements for wireless power transmitters N/A
9.6.1 General N/A
9.6.2 Specification of the foreign objects N/A
9.6.3 Test method and compliance ...........coccvevviinnnnn! N/A
10 RADIATION N/A
10.2 Radiation energy source classification N/A
10.2.1 General classification N/A
LASEIS .oeeiiiiieeeeeeeeeeeeeeee ettt : —
Lamps and lamp SYStEMS ........cccovviiiiiiieieeenniins : —
IMAQgE PrOJECIOIS ....eeiuviiieeieeiee sttt : —
XoRAY .o : —
Personal music player .........cccccvveeeiiieeeiiiieeeenns : —
10.3 Safeguards against laser radiation N/A
The standard(s) equipment containing laser(s) N/A
COMPIY et
104 Safeguards against optical radiation from lamps and lamp systems (including N/A
LED types)
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10.4.1 General requirements N/A
Instructional safeguard provided for accessible N/A
radiation level needs to exceed
Risk group marking and location.............ccccoeevveinenn N/A
Information for safe operation and installation N/A
10.4.2 Requirements for enclosures N/A
UV radiation @XPOSUIE ........ccceeveerieneeneeneenieenie e N/A
10.4.3 Instructional safeguard ...................c : N/A
10.5 Safeguards against X-radiation N/A
10.5.1 Requirements N/A
Instructional safeguard for skilled persons............ : —
10.5.3 Maximum radiation (PA/KQ) ....ceeveeeeereeereerreieeeeeeennnns : —
10.6 Safeguards against acoustic energy sources N/A
10.6.1 General N/A
10.6.2 Classification N/A
Acoustic output Laeq,T, AB(A)....ccooiriiiiiiiiec N/A
Unweighted RMS output voltage (mV) ..ot N/A
Digital output signal (dBFS) .......cccccceecievevviieieiiinenn N/A
10.6.3 Requirements for dose-based systems N/A
10.6.3.1 General requirements N/A
10.6.3.2 Dose-based warning and automatic decrease N/A
10.6.3.3 Exposure-based warning and requirements N/A
30 s integrated exposure level (MEL30) ..................: N/A
Warning for MEL = 100 dB(A) ....ceeevieriiiiiiieiieen N/A
10.6.4 Measurement methods N/A
10.6.5 Protection of persons N/A
Instructional safeguards............ccccevviiiiinineennnn. : N/A
10.6.6 Requirements for listening devices (headphones, N/A
earphones, etc.)
10.6.6.1 Corded listening devices with analogue input N/A
Listening device input voltage (MV).......cccceeenneee : N/A
10.6.6.2 Corded listening devices with digital input N/A
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Max. acoustic output Laeq T, OB(A) ...coveeiiiiiiiecnn N/A
10.6.6.3 Cordless listening devices N/A
Max. acoustic output Laeg,T, AB(A) ..cceevveneereenieennnn N/A
B NORMAL OPERATING CONDITION TESTS, ABNORMAL OPERATING CONDITION Pass
TESTS AND SINGLE FAULT CONDITION TESTS
B.1 General N/A
B.1.5 Temperature measurement conditions N/A
B.2 Normal operating conditions N/A
B.2.1 General requiremMents ........ccccceann : N/A
Audio Amplifiers and equipment with audio N/A
AMPIIfIEIS oo :
B.2.3 Supply voltage and tolerances N/A
B.2.5 INPULEESE ..o, : N/A
B.3 Simulated abnormal operating conditions N/A
B.3.1 General N/A
B.3.2 Covering of ventilation openings N/A
Instructional safeguard ............cccceevriiiiinineennnn, : N/A
B.3.3 DC mains polarity test N/A
B.3.4 Setting of voltage selector N/A
B.3.5 Maximum load at output terminals N/A
B.3.6 Reverse battery polarity N/A
B.3.7 Audio amplifier abnormal operating conditions N/A
B.3.8 Safeguards functional during and after abnormal N/A
operating CoNAItiONS.........oooivuiieiieeeee e :
B.4 Simulated single fault conditions Pass
B.4.1 General Pass
B.4.2 Temperature controlling device N/A
B.4.3 Blocked motor test N/A
B.4.4 Functional insulation N/A
B.4.4.1 Short circuit of clearances for functional insulation N/A
B.4.4.2 Short circuit of creepage distances for functional N/A
insulation
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B.4.4.3 Short circuit of functional insulation on coated N/A
printed boards
B.4.5 Short-circuit and interruption of electrodes in tubes N/A
and semiconductors
B.4.6 Short circuit or disconnection of passive N/A
components
B.4.7 Continuous operation of components N/A
B.4.8 Compliance during and after single fault conditions |(See Table B.3, B.4) Pass
B.4.9 Battery charging and discharging under single fault N/A
conditions
C UV RADIATION N/A
Ccl1 Protection of materials in equipment from UV radiation N/A
C.l2 Requirements N/A
C.13 Test method N/A
C.2 UV light conditioning test N/A
c.21 Test apparatus.........cccceeeeeeiiii e, : N/A
C.2.2 Mounting of test samples N/A
c.23 Carbon-arc light-exposure test N/A
c24 Xenon-arc light-exposure test N/A
D TEST GENERATORS N/A
D.1 Impulse test generators N/A
D.2 Antenna interface test generator N/A
D.3 Electronic pulse generator N/A
E TEST CONDITIONS FOR EQUIPMENT CONTAINING AUDIO AMPLIFIERS N/A
E.1l Electrical energy source classification for audio signals N/A
Maximum non-clipped output power (W)............... : —
Rated load impedance (Q) .....c.cccoceeiiiiieeeiiiieeennns : —
Open-circuit output voltage (V) .....cccccevveeeeeiiiineennns : —
Instructional safeguard ............ccocceevviiiniie e, : —
E.2 Audio amplifier normal operating conditions N/A

Audio signal Source type........ccoovuivieeeieeiiniiiiieen. :

Audio output power (W) ..o :
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Audio output voltage (V) ....ccccevviiveiiniieeeiee e, : —
Rated load impedance (Q) .......ccoceeiviieeiiiiieeennns : —
Requirements for temperature measurement N/A
E.3 Audio amplifier abnormal operating conditions N/A
F EQUIPMENT MARKINGS, INSTRUCTIONS, AND INSTRUCTIONAL SAFEGUARDS Pass
F.1 General N/A
LANQUAGE ..vuiiieiiiiiiiii et : —
F.2 Letter symbols and graphical symbols N/A
F.2.1 Letter symbols according to IEC60027-1 N/A
F.2.2 Graphic symbols according to IEC, ISO or N/A
manufacturer specific
F.3 Equipment markings Pass
F.3.1 Equipment marking locations Pass
F.3.2 Equipment identification markings Pass
F.3.21 Manufacturer identification ...........cccccoveeriiieeennns . | See 'Trademark’ for details. Pass
F.3.2.2 Model identification ............cccceeiriiieeiniiee e . | See 'Models and Ratings' for Pass
details.
F.3.3 Equipment rating markings N/A
F.3.3.1 Equipment with direct connection to mains N/A
F.3.3.2 Equipment without direct connection to mains N/A
F.3.3.3 Nature of the supply voltage............eevvvvvvvvevevennnnnns : N/A
F.3.3.4 Rated voltage........ccveeiiiiiiiiiieiee e : N/A
F.3.3.5 Rated freqQUENCY .....cooooiiiiiiiiiiiie e : N/A
F.3.3.6 Rated current or rated pOWer..........cccocveeeeviiieeennns : N/A
F.3.3.7 Equipment with multiple supply connections N/A
F.3.4 Voltage setting device N/A
F.3.5 Terminals and operating devices N/A
F.3.5.1 Mains appliance outlet and socket-outlet markings N/A
F.3.5.2 Switch position identification marking .................... : N/A
F.3.5.3 Replacement fuse identification and rating markings N/A
Instructional safeguards for neutral fuse ............... : N/A
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F.3.5.4 Replacement battery identification marking........... : N/A
F.3.5.5 Neutral conductor terminal N/A
F.3.5.6 Terminal marking location N/A
F.3.6 Equipment markings related to equipment N/A
classification
F.3.6.1 Class | equipment N/A
F.3.6.1.1 Protective earthing conductor terminal.................. : N/A
F.3.6.1.2 |Protective bonding conductor terminals ............... : N/A
F.3.6.2 Equipment class marking..........cococceiviiiiiiennnns : N/A
F.3.6.3 Functional earthing terminal marking .................... : N/A
F.3.7 Equipment IP rating marking .............ceevvvvvevveenennns : N/A
F.3.8 External power supply output marking .................. : N/A
F.3.9 Durability, legibility and permanence of marking N/A
F.3.10 Test for permanence of markings N/A
F.4 Instructions N/A
a) Information prior to installation and initial use N/A
b) Equipment for use in locations where children N/A
not likely to be present
c) Instructions for installation and interconnection N/A
d) Equipment intended for use only in restricted N/A
access area
e) Equipment intended to be fastened in place N/A
f)  Instructions for audio equipment terminals N/A
g) Protective earthing used as a safeguard N/A
h) Protective conductor current exceeding ES2 N/A
limits
i)  Graphic symbols used on equipment N/A
i)  Permanently connected equipment not provided N/A
with all-pole mains switch
k) Replaceable components or modules providing N/A
safeguard function
[)  Equipment containing insulating liquid N/A
m) Installation instructions for outdoor equipment N/A
F.5 Instructional safeguards N/A
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G COMPONENTS Pass
G.1 Switches N/A
G.11 General N/A
G.1.2 Ratings, endurance, spacing, maximum load N/A
G.1.3 Test method and compliance N/A
G.2 Relays N/A
G.21 Requirements N/A
G.2.2 Overload test N/A
G.2.3 Relay controlling connectors supplying power to N/A
other equipment
G.24 Test method and compliance N/A
G.3 Protective devices N/A
G.3.1 Thermal cut-offs N/A
Thermal cut-outs separately approved according to N/A
IEC 60730 with conditions indicated in a) & b)
Thermal cut-outs tested as part of the equipment as N/A
indicated in ¢)
G.3.1.2 Test method and compliance N/A
G.3.2 Thermal links N/A
G.3.21 a) Thermal links tested separately according to IEC N/A
60691 with specifics
b) Thermal links tested as part of the equipment N/A
G.3.2.2 Test method and compliance N/A
G.3.3 PTC thermistors N/A
G.34 Overcurrent protection devices N/A
G.3.5 Safeguards components not mentioned in G.3.1 to N/A
G.34
G.35.1 Non-resettable devices suitably rated and marking N/A
provided
G.35.2 Single faults conditions ..........ccccceviiiiiiiiiiiie i, : N/A
G.4 Connectors N/A
G.4.1 Spacings N/A
G.4.2 Mains connector configuration.............cccccceeeiinnns : N/A
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G.4.3 Plug is shaped that insertion into mains socket- N/A
outlets or appliance coupler is unlikely
G.5 Wound components N/A
G.5.1 Wire insulation in wound components N/A
G.5.1.2 Protection against mechanical stress N/A
G.52 Endurance test N/A
G521 General test requirements N/A
G.5.22 Heat run test N/A
Test time (days per cycle).......ccoeeveeiiiiiiiiiiiecccnn : —
Test temperature (°C) ....occvveeeiiiieee e : —
G.5.2.3 Wound components supplied from the mains N/A
G524 No insulation breakdown N/A
G.5.3 Transformers N/A
G531 Compliance method...........ccccceiiiiiiiiiiiin : N/A
POSITION ..ot : N/A
Method of Protection ............ccccevveeeeeiiiieei i : N/A
G.5.3.2 Insulation N/A
Protection from displacement of windings............. : —
G.5.3.3 Transformer overload tests N/A
G.5.3.3.1 |Test conditions N/A
G.5.3.3.2 |Winding temperatures N/A
G.5.3.3.3 | Winding temperatures - alternative test method N/A
G534 Transformers using FIW N/A
G.5.34.1 |General N/A
FIW wire nominal diameter .........cccccovvieeeiiiieennnnns : —
G.5.3.4.2 | Transformers with basic insulation only N/A
G.5.3.4.3 |Transformers with double insulation or reinforced N/A
INSUIALION ... :
G.5.3.4.4 |Transformers with FIW wound on metal or ferrite N/A
core
G.5.3.4.5 |Thermal cycling test and compliance N/A
G.5.3.4.6 | Partial discharge test N/A
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G.5.3.4.7 |Routine test N/A
G54 Motors N/A
G.54.1 General requirements N/A
G.54.2 Motor overload test conditions N/A
G.543 Running overload test N/A
G.5.4.4.2 |Locked-rotor overload test N/A
Test duration (days) ......occceeeevriveeeiniiene e : —
G.5.45 Running overload test for DC motors N/A
G.5.4.5.2 |Tested in the unit N/A
G.5.4.5.3 |Alternative method N/A
G.5.4.6 Locked-rotor overload test for DC motors N/A
G.5.4.6.2 |Tested in the unit N/A
Maximum Temperature .........ccccocveeeerieeeeeniieeeennns : N/A
G.5.4.6.3 |Alternative method N/A
G.5.4.7 Motors with capacitors N/A
G.5.4.8 Three-phase motors N/A
G.5.4.9 Series motors N/A
Operating Voltage ........ccceeeeiiieeieiiiiieeiiieee i : —
G.6 Wire Insulation N/A
G.6.1 General N/A
G.6.2 Enamelled winding wire insulation N/A
G.7 Mains supply cords N/A
G.71 General requirements N/A
Ty P e : —
G.7.2 Cross sectional area (mm? or AWG) .......ccceevveenen. : N/A
G.7.3 Cord anchorages and strain relief for non- N/A
detachable power supply cords
G.7.3.2 Cord strain relief N/A
G.7.3.2.1 |Requirements N/A
Strain relief test force (N).....ccocceveeeivvciiieeeee s : N/A
G.7.3.2.2 | Strain relief mechanism failure N/A
G.7.3.2.3 |Cord sheath or jacket position, distance (mm)...... : N/A
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G.7.3.2.4 | Strain relief and cord anchorage material N/A
G.74 Cord Entry N/A
G.7.5 Non-detachable cord bend protection N/A
G.75.1 Requirements N/A
G.75.2 Test method and compliance N/A

Overall diameter or minor overall dimension, D —

(MM e :

Radius of curvature after test (mm)..........cccoeeeernnes : —
G.7.6 Supply wiring space N/A
G.76.1 General requirements N/A
G.7.6.2 Stranded wire N/A
G.7.6.2.1 |Requirements N/A
G.7.6.2.2 |Test with 8 mm strand N/A
G.8 Varistors N/A
G.8.1 General requirements N/A
G.8.2 Safeguards against fire N/A
G.8.21 General N/A
G.8.2.2 Varistor overload test N/A
G.8.2.3 Temporary overvoltage test N/A
G.9 Integrated circuit (IC) current limiters Pass
G.9.1 Requirements Pass

IC limiter output current (max. 5A).....cccccevvvveernenn. . | See "Models and Ratings" for —

details.
Manufacturers’ defined drift ............cccoeiiiiens . | See "Models and Ratings" for —
details.

G.9.2 Test Program Pass
G.9.3 Compliance Pass
G.10 Resistors N/A
G.10.1 General N/A
G.10.2 Conditioning N/A
G.10.3 Resistor test N/A
G.10.4 Voltage surge test N/A
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G.10.5 Impulse test N/A
G.10.6 Overload test N/A
G.11 Capacitors and RC units N/A
G.11.1 General requirements N/A
G.11.2 Conditioning of capacitors and RC units N/A
G.11.3 Rules for selecting capacitors N/A
G.12 Optocouplers N/A
Optocouplers comply with IEC 60747-5-5 with N/A
specifics
Type test VOItage Vinia. . ceeeeiereereeeieeeeeiiiiiieeeeeeen : —
Routine test voltage, Vini, b.....eeeeeeeerinivireeeeeeenniiinns : —
G.13 Printed boards N/A
G.13.1 General requirements N/A
G.13.2 Uncoated printed boards N/A
G.13.3 Coated printed boards N/A
G.13.4 Insulation between conductors on the same inner N/A
surface
G.135 Insulation between conductors on different surfaces N/A
Distance through insulation ...............ccevvvvvvvivenennns : N/A
Number of insulation layers (pCS) ......cevvvvvevevevennnns : —
G.13.6 Tests on coated printed boards N/A
G.13.6.1 Sample preparation and preliminary inspection N/A
G.13.6.2 Test method and compliance N/A
G.14 Coating on components terminals N/A
G.14.1 ReqUIremMeNtS .......cooviiiiiiiiiiiee e : N/A
G.15 Pressurized liquid filled components N/A
G.15.1 Requirements N/A
G.15.2 Test methods and compliance N/A
G.15.2.1 Hydrostatic pressure test N/A
G.15.2.2 Creep resistance test N/A
G.15.2.3 Tubing and fittings compatibility test N/A
G.15.2.4 Vibration test N/A

TRF No. IEC62368_1E




Issue Date: 2024-07-24 Page 48 of 71 Report Reference # E322375-A6029-CB-1
IEC 62368-1
Clause Requirement + Test Result - Remark Verdict
G.15.2.5 Thermal cycling test N/A
G.15.2.6 Force test N/A
G.15.3 Compliance N/A
G.16 IC including capacitor discharge function (ICX) N/A
G.16.1 Condition for fault tested is not required N/A
ICX with associated circuitry tested in equipment N/A
ICX tested separately N/A
G.16.2 Tests N/A
Smallest capacitance and smallest resistance —
specified by ICX manufacturer for impulse test.....:
Mains voltage that impulses to be superimposed on —
Largest capacitance and smallest resistance for —
ICX tested by itself for 10000 cycles test............... :
G.16.3 Capacitor discharge test.........ccccceveeiiiiciiiciiiiiinnn : N/A
H CRITERIA FOR TELEPHONE RINGING SIGNALS N/A
H.1 General N/A
H.2 Method A N/A
H.3 Method B N/A
H.3.1 Ringing signal N/A
H.3.1.1 Frequency (HZ) ..o : —
H.3.1.2 Voltage (V) oo : —
H.3.1.3 Cadence; time (s) and voltage (V) .....cccoeeevviineeenns : —
H.3.1.4 Single fault current (MA): .....ocoveiiiiiie e, : —
H.3.2 Tripping device and monitoring voltage N/A
H.3.2.1 Conditions for use of a tripping device or a N/A
monitoring voltage
H.3.2.2 Tripping device N/A
H.3.2.3 Monitoring voltage (V)......ccuveeeieiiiiiiiiiiieeeeeee s : N/A
J INSULATED WINDING WIRES FOR USE WITHOUT INTERLEAVED INSULATION N/A
J.1 General N/A
Winding wire insulation .............ccccoeeeee i, : —
Solid round winding wire, diameter (mm) .............. : N/A
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Solid square and rectangular (flatwise bending) N/A
winding wire, cross-sectional area (mm?).............. :
J.213.3 Tests and Manufacturing —
K SAFETY INTERLOCKS N/A
K.1 General requirements N/A
Instructional safeguard ...................c : N/A
K.2 Components of safety interlock safeguard mechanism N/A
K.3 Inadvertent change of operating mode N/A
K.4 Interlock safeguard override N/A
K.5 Fail-safe N/A
K.5.1 Under single fault condition N/A
K.6 Mechanically operated safety interlocks N/A
K.6.1 Endurance requirement N/A
K.6.2 Test method and compliance ...........cccccovvveeeninnen. : N/A
K.7 Interlock circuit isolation N/A
K.7.1 Separation distance for contact gaps & interlock N/A
circuit elements
In circuit connected to mains, separation distance N/A
for contact gaps (MmM)......ccooeeeiiiiiiiiiiiecccceccec, :
In circuit isolated from mains, separation distance N/A
for contact gaps (MM).....cceeeeiiiiieiniiiee e, :
Electric strength test before and after the test of N/A
K72 e :
K.7.2 Overload test, Current (A)......cccceeveveeeeiiieeeeniiieen : N/A
K.7.3 Endurance test N/A
K.7.4 Electric strength test N/A
L DISCONNECT DEVICES N/A
L.1 General requirements N/A
L.2 Permanently connected equipment N/A
L.3 Parts that remain energized N/A
L.4 Single-phase equipment N/A
L.5 Three-phase equipment N/A
L.6 Switches as disconnect devices N/A
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L.7 Plugs as disconnect devices N/A
L.8 Multiple power sources N/A
Instructional safeguard ............ccccccvvvveereeeiiiiiiinnnnn. : N/A
M EQUIPMENT CONTAINING BATTERIES AND THEIR PROTECTION CIRCUITS N/A
M.1 General requirements N/A
M.2 Safety of batteries and their cells N/A
M.2.1 Batteries and their cells comply with relevant IEC N/A
SEANAAAS ..o :
M.3 Protection circuits for batteries provided within the equipment N/A
M.3.1 Requirements N/A
M.3.2 Test method N/A
Overcharging of a rechargeable battery N/A
Excessive discharging N/A
Unintentional charging of a non-rechargeable N/A
battery
Reverse charging of a rechargeable battery N/A
M.3.3 Compliance N/A
M.4 Additional safeguards for equipment containing a portable secondary lithium N/A
battery
M.4.1 General N/A
M.4.2 Charging safeguards N/A
M.4.2.1 Requirements N/A
M.4.2.2 ComPlaNCe......ccooiiiiiiiie e : N/A
M.4.3 Fire enclosure ... : N/A
M.4.4 Drop test of equipment containing a secondary N/A
lithium battery
M.4.4.2 Preparation and procedure for the drop test N/A
M.4.4.3 Drop, Voltage on reference and dropped batteries N/A
(V); voltage difference during 24 h period (%): .....:
M.4.4.4 Check of the charge/discharge function N/A
M.4.4.5 Charge / discharge cycle test N/A
M.4.4.6 Compliance N/A
M.5 Risk of burn due to short-circuit during carrying N/A
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M.5.1 Requirement N/A
M.5.2 Test method and compliance N/A
M.6 Safeguards against short-circuits N/A
M.6.1 External and internal faults N/A
M.6.2 Compliance N/A
M.7 Risk of explosion from lead acid and NiCd batteries N/A
M.7.1 Ventilation preventing explosive gas concentration N/A
Calculated hydrogen generation rate .................... : N/A
M.7.2 Test method and compliance N/A
Minimum air flow rate, Q (M3/h) .........ccoeeeeevineeeens : N/A
M.7.3 Ventilation tests N/A
M.7.3.1 General N/A
M.7.3.2 Ventilation test — alternative 1 N/A
Hydrogen gas concentration (%0) ..........ceevveeevevennnes : N/A
M.7.3.3 Ventilation test — alternative 2 N/A
Obtained hydrogen generation rate...............c....... : N/A
M.7.3.4 Ventilation test — alternative 3 N/A
Hydrogen gas concentration (%0) .........cccccoveveeennns : N/A
M.7.4 1=V 4] o PPNt : N/A
M.8 Protection against internal ignition from external spark sources of batteries with N/A
aqueous electrolyte
M.8.1 General N/A
M.8.2 Test method N/A
M.8.2.1 General N/A
M.8.2.2 Estimation of hypothetical volume Vz (m3/s).......... : —
M.8.2.3 Correction factors .........cccceveviiiiie i : —
M.8.2.4 Calculation of distance d (Mm) ........cccoocveeeiinnenen. : —
M.9 Preventing electrolyte spillage N/A
M.9.1 Protection from electrolyte spillage N/A
M.9.2 Tray for preventing electrolyte spillage N/A
M.10 Instructions to prevent reasonably foreseeable N/A
misuse
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Instructional safeguard .............cccceeviiieiiniieeennnn. : N/A
N ELECTROCHEMICAL POTENTIALS N/A
Material(S) USed .......cceevviiiviiiiiie e : —
0] MEASUREMENT OF CREEPAGE DISTANCES AND CLEARANCES N/A
Value of X (MM)....cooiiiiiiiiirieee e : —
P SAFEGUARDS AGAINST CONDUCTIVE OBJECTS N/A
P.1 General N/A
P.2 Safeguards against entry or consequences of entry of a foreign object N/A
P.2.1 General N/A
pP.2.2 Safeguards against entry of a foreign object N/A
Location and Dimensions (MM) .........cccceevviveeeennee. : —
P.2.3 Safeguards against the consequences of entry of a N/A
foreign object
P.2.3.1 Safeguard requirements N/A
The ES3 and PS3 keep-out volume in Figure P.3 N/A
not applicable to transportable equipment
Transportable equipment with metalized plastic N/A
01T SO OTSTST :
P.2.3.2 Consequence of entry test........cccoovveveiiiieieiiinenen, : N/A
P.3 Safeguards against spillage of internal liquids N/A
P.3.1 General N/A
P.3.2 Determination of spillage consequences N/A
P.3.3 Spillage safeguards N/A
P.3.4 Compliance N/A
P.4 Metallized coatings and adhesives securing parts N/A
P.4.1 General N/A
P.4.2 Tests N/A

Conditioning, Tc (°C) woovvveeeiiiieie e : —

Duration (WeeKS).......couiiiiiiiiiiiie e : —

Q CIRCUITS INTENDED FOR INTERCONNECTION WITH BUILDING WIRING N/A
Q.1 Limited power sources N/A
Q.11 Requirements N/A

TRF No. IEC62368_1E



Issue Date: 2024-07-24 Page 53 of 71 Report Reference # E322375-A6029-CB-1
IEC 62368-1
Clause Requirement + Test Result - Remark Verdict
a) Inherently limited output N/A
b) Impedance limited output N/A
¢) Regulating network limited output N/A
d) Overcurrent protective device limited output N/A
e) IC current limiter complying with G.9 N/A
Q.1.2 Test method and compliance ............ccccoevveeeninnen. : N/A
Current rating of overcurrent protective device (A) N/A
Q.2 Test for external circuits — paired conductor N/A
cable
Maximum output current (A) ......ceeeeeeeveeveeeeeeeeeennnns : N/A
Current limiting method.............cccooiiiiiiiiieniienn, : —
R LIMITED SHORT CIRCUIT TEST N/A
R.1 General N/A
R.2 Test setup N/A
Overcurrent protective device for test.................... : —
R.3 Test method N/A
Cord/cable used for test.........cccvviiieiiiiiiiieiiieen : —
R.4 Compliance N/A
S TESTS FOR RESISTANCE TO HEAT AND FIRE N/A
S1 Flammability test for fire enclosures and fire barrier materials of equipment N/A
where the steady state power does not exceed 4 000 W
Samples, material ...........ccoooiiiiiiiiiies : —
Wall thickness (Mm) ........cccceviiiieiniiieeeeee e : —
ConditioNiNg (°C) ..evveeeiiiiiieeiiiiee e : —
Test flame according to IEC 60695-11-5 with N/A
conditions as set out
- Material not consumed completely N/A
- Material extinguishes within 30s N/A
- No burning of layer or wrapping tissue N/A
S.2 Flammability test for fire enclosure and fire barrier integrity N/A
Samples, material ...........ccooccvvieiieee i : —
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Wall thickness (IMm) ........cccceviieieiniiiee e, : —
ConditionNing (°C) ...vveeeiiiiiieeiiieee e : —
S.3 Flammability test for the bottom of a fire enclosure N/A
S.3.1 Mounting of samples N/A
S.3.2 Test method and compliance N/A
Mounting of samples .......ccccocveeeiiiiiee s : —
Wall thickness (Mm) .........cocceiiiiiiinieeeeeee, : —
S4 Flammability classification of materials N/A
S.5 Flammability test for fire enclosure materials of equipment with a steady state N/A
power exceeding 4 000 W
Samples, material ...........ccoecciiiiiiiie e : —
Wall thickness (Mm) .........cccceiviiiiinieeeee, : —
ConditioNiNg (°C) ..vveeeiiiiiieeiiiiee e : —
T MECHANICAL STRENGTH TESTS N/A
T.1 General N/A
T.2 Steady force test, 10N ....cccocvieiiniiiiiieeee s : N/A
T.3 Steady force test, 30 N .....ocooiiiiiiiiiiieie, : N/A
T.4 Steady force test, IOO N .....cccoceceeiiiiiiiiiinn : N/A
T.5 Steady force test, 250 N ......cccccciiiiiiiinn : N/A
T.6 Enclosure impact test N/A
Fall test N/A
Swing test N/A
T.7 Drop teST oo : N/A
T.8 Stress relief teSt.....oovviiii : N/A
T.9 Glass IMPAacCt TEST ...oceiiieieieeiee e N/A
T.10 Glass fragmentation test N/A
Number of particles counted...........ccevveniienieniennd! N/A
T.11 Test for telescoping or rod antennas N/A
Torque value (NM) .....ooeiiiiiiiiiiee e : N/A
U MECHANICAL STRENGTH OF CATHODE RAY TUBES (CRT) AND PROTECTION N/A
AGAINST THE EFFECTS OF IMPLOSION
u.l General N/A
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Instructional safeguard .............cccceevviiiiiinieeennn, : N/A
u.2 Test method and compliance for non-intrinsically protected CRTs N/A
u.3 Protective screen N/A
\% DETERMINATION OF ACCESSIBLE PARTS N/A
V.1 Accessible parts of equipment N/A
V.11 General N/A
V.1.2 Surfaces and openings tested with jointed test N/A

probes
V.1.3 Openings tested with straight unjointed test probes N/A
V.14 Plugs, jacks, connectors tested with blunt probe N/A
V.1.5 Slot openings tested with wedge probe N/A
V.1.6 Terminals tested with rigid test wire N/A
V.2 Accessible part criterion N/A
X ALTERNATIVE METHOD FOR DETERMINING CLEARANCES FOR INSULATION IN N/A

CIRCUITS CONNECTED TO AN AC MAINS NOT EXCEEDING 420 V PEAK (300 V

RMS)

ClEarancCe .........c.oceveeieenieiee e N/A
Y CONSTRUCTION REQUIREMENTS FOR OUTDOOR ENCLOSURES N/A
Y.1 General N/A
Y.2 Resistance to UV radiation N/A
Y.3 Resistance to corrosion N/A
Y.31 Metallic parts of outdoor enclosures are resistant to N/A

effects of water-borne contaminants by................. :
Y.3.2 Test apparatus N/A
Y.3.3 Water — saturated sulphur dioxide atmosphere N/A
Y.3.4 TESt ProCEAUIe ...t : N/A
Y.3.5 Compliance N/A
Y.4 Gaskets N/A
Y.4.1 General N/A
Y.4.2 Gasket tests N/A
Y.4.3 Tensile strength and elongation tests N/A

Alternative test methods ..., : N/A
Y.4.4 Compression test N/A
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Y.4.5 Oil resistance N/A
Y.4.6 Securing means N/A
Y.5 Protection of equipment within an outdoor enclosure N/A
Y.5.1 General N/A
Y.5.2 Protection from moisture N/A
Relevant tests of IEC 60529 or Y.5.3 .......cccvveenne : N/A
Y.5.3 Water spray test N/A
Y.5.4 Protection from plants and vermin N/A
Y.5.5 Protection from excessive dust N/A
Y.55.1 General N/A
Y.5.5.2 IP5X equipment N/A
Y.5.5.3 IP6X equipment N/A
Y.6 Mechanical strength of enclosures N/A
Y.6.1 General N/A
Y.6.2 Impacttest ... : N/A
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5.2 TABLE: Classification of electrical energy sources N/A
Supply Location (e.g. Test conditions Parameters ES
Voltage circuit Class
designation) U (V) I (mA) Type? Additional
Info 2
Supplementary information:
54.1.8 TABLE: Working voltage measurement N/A
. RMS voltage | Peak voltage Frequency Comments
Location
V) V) (Hz)
Supplementary information:
5.4.1.10.2 |TABLE: Vicat softening temperature of thermoplastics N/A
/11 o Lo PR ISO 306 / B50 —
Object/ Part No./Material Manufacturer/trademark Thickness (mm) T softening (°C)
Supplementary information:
5.4.1.10.3 |TABLE: Ball pressure test of thermoplastics N/A
Allowed impression diameter (MMm) .......ccccooveevieeiieeieenns : <2mm —
Object/Part No./Material Manufacturer/trademark | Thickness (mm) | Test temperature Impression
(°C) diameter (mm)
Supplementary information:
5.4.2,5.4.3| TABLE: Minimum Clearances/Creepage distance N/A
Clearance (cl) and Up Urms Freq? | Required cl E.S.? Required cr
creepage distance V) V) (kHz) cl (mm) (mm) (V) cr (mm) (mm)

(cr) at/of/between:

Supplementary information:
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5.4.4.2 TABLE: Minimum distance through insulation N/A
Distance through insulation Peak voltage (V) Insulation Required DTI | Measured DTI
(DTI) at/of: (mm) (mm)
Supplementary information:
54.49 TABLE: Solid insulation at frequencies >30 kHz N/A
Insulation material Er Frequency Kr Thickness d | Insulation Vew
(kHz) (mm) (Vpk)
Supplementary information:
5.4.9 TABLE: Electric strength tests N/A
Test voltage applied between: Voltage shape Test voltage (V) Breakdown
(Surge, Impulse, AC, Yes / No
DC, etc.)
Supplementary information:
5.5.2.2 TABLE: Stored discharge on capacitors N/A
Location Supply Voltage (V) | Operating and fault Switch Measured ES Class
condition position voltage (Vpk)
Supplementary information:
5.6.6 TABLE: Resistance of protective conductors and terminations N/A
Location Test current Duration Voltage drop Resistance
(A) (min) V) Q)

Supplementary information:
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574 TABLE: Unearthed accessible parts N/A
Location Operating and Supply Parameters ES
fault conditions Voltage (V) Voltage Current — class
(Vrms or Vpk) (Arms or Apk) (HZ)
Supplementary information:
5.7.5 TABLE: Earthed accessible conductive part N/A
Supply voltage (V) ..coeevvveveiniinnennnd —
(2T EYTYE) [ . |[1Single Phase; [ ] Three Phase; [ ] Delta; [ ] Wye
Power Distribution System ............. S I[ITN  [ITT  []IT
Location Fault Condition No in IEC | Touch current Comment
60990 clause 6.2.2 (mA)
Supplementary Information:
5.8 TABLE: Backfeed safeguard in battery backed up supplies N/A
Location Supply Operating and fault | Time (s) Open-circuit Touch ES Class
voltage (V) condition voltage (V) | current (A)
Supplementary information:
6.2.2 TABLE: Power source circuit classifications N/A
Location Operating and fault Voltage (V) Current (A) Max. Time (S) PS class
condition Powerd (W)
Supplementary information:
6.2.3.1 TABLE: Determination of Arcing PIS N/A
Location Open circuit voltage Measured r.m.s Calculated value Arcing PIS?
after 3 s (Vpk) current (A) Yes / No
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Supplementary information:
6.2.3.2 Table: Determination of Resistive PIS N/A
Location Operating and fault condition Dissipate power (W) Resistive
PIS?
Yes/No
Supplementary Information:
8.5.5 TABLE: High Pressure Lamp N/A
Lamp manufacturer Lamp type Explosion method | Longest axis of | Particle found
glass particle beyond 1 m
(mm) Yes / No?
Supplementary information:
9.6 TABLE: Temperature measurements for wireless power transmitters N/A

Supply voltage (V) ...eeeeeeeeiiiiiiiiiiiiieeiiieeeeeee :

Max. transmit power of transmitter (W) .............. :

with receiver and
direct contact

w/o receiver and
direct contact

with receiver and at
distance of 2 mm

with receiver and at
distance of 5 mm

Object | Ambient | Object | Ambient | Object | Ambient | Object | Ambient

Foreign objects (°C) (°C) (°C) (°C) (°C) (°C) (°C) (°C)
Supplementary information:
5.4.1.4, TABLE: Temperature measurements Pass
9.3,B.1.5,
B.2.6
Supply voltage (V) .eeeeeeeeeeieiieeeee e ;| 2.7Vdc 5.5Vdc 2.7Vdc 5.5Vdc —
Ambient temperature during test Tamb (°C)...........: 25 25 85 85 —
Model AP21510 26.2 275 86.4 88.3 130
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Model AP2111 39.9 35.7 91.5 91.7 130
Model AP2181D 31.1 28.6 90.1 88.7 130

Lo t1 (°C) Ri1(Q) | t2(°C) Rz (Q) T (°C) | Allowed | Insulation

Temperature T of winding: Tmax (°C) .
Supplementary information:
B.2.5 TABLE: Input test N/A
U()| Hz I (A) | rated (A) P (W) P rated (W) | Fuse No | | fuse (A) Condition/status

Supplementary information:

B.3,B.4 TABLE: Abnormal operating and fault condition tests Pass
Ambient temperature Tamb (°C) ...eeevrvrereiiiiiie e :123C —
Power source for EUT: Manufacturer, model/type, output rating . : | - —
Component No. Condition Supply Test | Fuse no. Fuse Observation
voltage time current
V) (A)

Model AP2111 | Overload 2.7 - 50 N/A N/A 50 cycles completed. There was
(Current 5.5vVdc | cycles no fire or shock hazard for all
Limit:5A and outputs tested.
Current
Limit:2.9A)
Model Overload 2.7 - 50 N/A 50 cycles | 50 cycles completed. There was
AP2191D 5.5vdc | cycles complete | no fire or shock hazard for all
(Current d. There |outputs tested.
Limit:2.6A) was no

fire or

shock

hazard

for all

outputs

tested.
Model AP21510 | Overload 2.7 - 50 N/A N/A 50 cycles completed. There was
(Current 5.5Vdc | cycles no fire or shock hazard for all
Limit:0.5A) outputs tested.
Model AP2111 |Tamb = 2.7 - 10,000 |[N/A N/A 10,000 cycles completed. There
(Current 25°CEnable 5.5vdc |cycles was no fire or shock hazard for all
Limit:5A and pin — outputs tested.
Current Cycle: Power
Limit:2.9A) On

with Loaded
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To Maximum

Rated Load,

Enable Pin Off

to On
Model Tamb = 2.7 - 10,000 |N/A N/A 10,000 cycles completed. There
AP2191D 25°CEnable 5.5Vdc | cycles was no fire or shock hazard for all
(Current pin — outputs tested.
Limit:2.6A) Cycle: Power

On

with Loaded

To Maximum

Rated Load,

Enable Pin Off

to On
Model AP21510 | Tamb = 2.7 — 10,000 |[N/A N/A 10,000 cycles completed. There
(Current 25°CEnable 5.5vdc | cycles was no fire or shock hazard for all
Limit:0.5A) pin — outputs tested.

Cycle: Power

On

with Loaded

To Maximum

Rated Load,

Enable Pin Off

to On
Model AP2111 |Tamb =85°C |2.7 — 50 N/A N/A 50 cycles completed. There was
(Current Enable pin— |5.5Vdc |cycles no fire or shock hazard for all
Limit:5A and Cycle: Power outputs tested.
Current On with
Limit:2.9A) Output Short-

Circuited,

Enable Pin Off

to On
Model Tamb =85°C |2.7 - 50 N/A N/A 50 cycles completed. There was
AP2191D Enable pin— |5.5Vdc | cycles no fire or shock hazard for all
(Current Cycle: Power outputs tested.
Limit:2.6A) On with

Output Short-

Circuited,

Enable Pin Off

to On
Model AP21510 | Tamb =85°C |2.7 — 50 N/A N/A 50 cycles completed. There was
(Current Enable pin— |5.5Vdc | cycles no fire or shock hazard for all
Limit:0.5A) Cycle: Power outputs tested.

On with

Output Short-

Circuited,

Enable Pin Off

to On
Model AP2111 |Tamb =-40°C |2.7 — 50 N/A N/A 50 cycles completed. There was
(Current Enable pin— |5.5Vdc |cycles no fire or shock hazard for all
Limit:5A and Cycle: Power outputs tested.

On with
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Current Output Short-
Limit:2.9A) Circuited,

Enable Pin Of
Model Tamb = -40°C | 2.7 — 50 N/A N/A 50 cycles completed. There was
AP2191D Enable pin— |5.5vVdc |cycles no fire or shock hazard for all
(Current Cycle: Power outputs tested.
Limit:2.6A) On with

Output Short-

Circuited,

Enable Pin Of
Model AP21510 | Tamb =-40°C | 2.7 — 50 N/A N/A 50 cycles completed. There was
(Current Enable pin— |5.5Vdc |cycles no fire or shock hazard for all
Limit:0.5A) Cycle: Power outputs tested.

On with

Output Short-

Circuited,

Enable Pin Of
Model AP2111 |Tamb =85°C |2.7 — 50 N/A N/A 50 cycles completed. There was
(Current Input Power 5.5vdc | cycles no fire or shock hazard for all
Limit:5A and pin — Cycle: outputs tested.
Current Output Short-
Limit:2.9A) Circuit, Power

to Circuit Off

to Power On
Model Tamb =85°C |2.7 - 50 N/A N/A 50 cycles completed. There was
AP2191D Input Power 5.5vdc | cycles no fire or shock hazard for all
(Current pin — Cycle: outputs tested.
Limit:2.6A) Output Short-

Circuit, Power

to Circuit Off

to Power On
Model AP21510 | Tamb =85°C |2.7 — 50 N/A N/A 50 cycles completed. There was
(Current Input Power 5.5vdc | cycles no fire or shock hazard for all
Limit:0.5A) pin — Cycle: outputs tested.

Output Short-

Circuit, Power

to Circuit Off

to Power On
Model AP2111 |Tamb =-40°C |2.7 — 50 N/A N/A 50 cycles completed. There was
(Current Input Power 5.5Vdc | cycles no fire or shock hazard for all
Limit:5A and pin — Cycle: outputs tested.
Current Output Short-
Limit:2.9A) Circuit, Power

to Circuit Off

to Power On
Model Tamb = -40°C | 2.7 — 50 N/A N/A 50 cycles completed. There was
AP2191D Input Power 5.5vdc |cycles no fire or shock hazard for all
(Current pin — Cycle: outputs tested.
Limit:2.6A) Output Short-

Circuit, Power
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to Circuit Off
to Power On
Model AP21510 | Tamb = -40°C | 2.7 — 50 N/A N/A 50 cycles completed. There was
(Current Input Power 5.5Vdc | cycles no fire or shock hazard for all
Limit:0.5A) pin — Cycle: outputs tested.
Output Short-
Circuit, Power
to Circuit Off
to Power On
Model AP2111 |Tamb=85°C |2.7 — 50 N/A N/A 50 cycles completed. There was
(Current Input power 5.5vdc | cycles no fire or shock hazard for all
Limit:5A and pin — cycle: outputs tested.
Current Power On with
Limit:2.9A) Output Open
Circuit to
Short
Model Tamb =85°C |2.7 — 50 N/A N/A 50 cycles completed. There was
AP2191D Input power 5.5vdc | cycles no fire or shock hazard for all
(Current pin — cycle: outputs tested.
Limit:2.6A) Power On with
Output Open
Circuit to
Short
Model AP21510 | Tamb =85°C |2.7 — 50 N/A N/A 50 cycles completed. There was
(Current Input power 5.5Vdc | cycles no fire or shock hazard for all
Limit:0.5A) pin — cycle: outputs tested.
Power On with
Output Open
Circuit to
Short
Model AP2111 |Output Short |6.05Vdc |7 Days | N/A N/A The current did not display any
(Current Circuit to significant change after 7 days of
Limit:5A and Ground operation and the device was
Current capable of performing its intended
Limit:2.9A) function.
Model Output Short | 6.05Vdc |7 Days |N/A N/A The current did not display any
AP2191D Circuit to significant change after 7 days of
(Current Ground operation and the device was
Limit:2.6A) capable of performing its intended
function.
Model AP21510 | Output Short | 6.05Vdc |7 Days | N/A N/A The current did not display any
(Current Circuit to significant change after 7 days of
Limit:0.5A) Ground operation and the device was
capable of performing its intended
function.
Model AP2111 | Overload 2.7 - 50 N/A N/A 50 cycles completed. There was
(Current 5.5vdc |cycles no fire or shock hazard for all
Limit:5A and outputs tested.
Current
Limit:2.9A)
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Model Overload 2.7 - 50 N/A N/A 50 cycles completed. There was
AP2191D 5.5vVdc |cycles no fire or shock hazard for all
(Current outputs tested.
Limit:2.6A)
Model AP21510 | Overload 2.7 - 50 N/A N/A 50 cycles completed. There was
(Current 5.5Vdc | cycles no fire or shock hazard for all
Limit:0.5A) outputs tested.
Model AP2111 |Tamb = 2.7 — 10,000 |[N/A N/A 10,000 cycles completed. There
(Current 25°CEnable 5.5vdc | cycles was no fire or shock hazard for all
Limit:5A and pin — outputs tested.
Current Cycle: Power
Limit:2.9A) On

with Loaded

To Maximum

Rated Load,

Enable Pin Off

to On
Model Tamb = 2.7 - 10,000 |N/A N/A 10,000 cycles completed. There
AP2191D 25°CEnable 5.5vdc | cycles was no fire or shock hazard for all
(Current pin — outputs tested.
Limit:2.6A) Cycle: Power

On

with Loaded

To Maximum

Rated Load,

Enable Pin Off

to On
Model AP21510 | Tamb = 2.7 - 10,000 [N/A N/A 10,000 cycles completed. There
(Current 25°CEnable 5.5vVdc | cycles was no fire or shock hazard for all
Limit:0.5A) pin — outputs tested.

Cycle: Power

On

with Loaded

To Maximum

Rated Load,

Enable Pin Off

to On
Model AP2111 |Tamb=285°C |2.7 - 50 N/A N/A 50 cycles completed. There was
(Current Enable pin— |5.5Vdc |cycles no fire or shock hazard for all
Limit:5A and Cycle: Power outputs tested.
Current On with
Limit:2.9A) Output Short-

Circuited,

Enable Pin Off

to On
Model Tamb =85°C |2.7 - 50 N/A N/A 50 cycles completed. There was
AP2191D Enable pin— |5.5Vdc | cycles no fire or shock hazard for all
(Current Cycle: Power outputs tested.
Limit:2.6A) On with

Output Short-

Circuited,
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Enable Pin Off

to On
Model AP21510 | Tamb =85°C |2.7 — 50 N/A N/A 50 cycles completed. There was
(Current Enable pin— |5.5Vdc | cycles no fire or shock hazard for all
Limit:0.5A) Cycle: Power outputs tested.

On with

Output Short-

Circuited,

Enable Pin Off

to On
Model AP2111 |Tamb =-40°C |2.7 — 50 N/A N/A 50 cycles completed. There was
(Current Enable pin— |5.5Vdc |cycles no fire or shock hazard for all
Limit:5A and Cycle: Power outputs tested.
Current On with
Limit:2.9A) Output Short-

Circuited,

Enable Pin Of
Model Tamb =-40°C | 2.7 — 50 N/A N/A 50 cycles completed. There was
AP2191D Enable pin— |5.5vVdc |cycles no fire or shock hazard for all
(Current Cycle: Power outputs tested.
Limit:2.6A) On with

Output Short-

Circuited,

Enable Pin Of
Model AP21510 | Tamb =-40°C | 2.7 — 50 N/A N/A 50 cycles completed. There was
(Current Enable pin— |5.5Vdc |cycles no fire or shock hazard for all
Limit:0.5A) Cycle: Power outputs tested.

On with

Output Short-

Circuited,

Enable Pin Of
Model AP2111 |Tamb =85°C |2.7 - 50 N/A N/A 50 cycles completed. There was
(Current Input Power 5.5vdc | cycles no fire or shock hazard for all
Limit:5A and pin — Cycle: outputs tested.
Current Output Short-
Limit:2.9A) Circuit, Power

to Circuit Off

to Power On
Model Tamb =85°C |2.7 - 50 N/A N/A 50 cycles completed. There was
AP2191D Input Power 5.5vVdc | cycles no fire or shock hazard for all
(Current pin — Cycle: outputs tested.
Limit:2.6A) Output Short-

Circuit, Power

to Circuit Off

to Power On
Model AP21510 | Tamb =85°C |2.7 — 50 N/A N/A 50 cycles completed. There was
(Current Input Power 5.5vdc |cycles no fire or shock hazard for all
Limit:0.5A) pin — Cycle: outputs tested.

Output Short-

Circuit, Power
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to Circuit Off

to Power On
Model AP2111 |Tamb =-40°C |2.7 — 50 N/A N/A 50 cycles completed. There was
(Current Input Power 5.5Vdc | cycles no fire or shock hazard for all
Limit:5A and pin — Cycle: outputs tested.
Current Output Short-
Limit:2.9A) Circuit, Power

to Circuit Off

to Power On
Model Tamb =-40°C | 2.7 - 50 N/A N/A 50 cycles completed. There was
AP2191D Input Power 5.5vVdc | cycles no fire or shock hazard for all
(Current pin — Cycle: outputs tested.
Limit:2.6A) Output Short-

Circuit, Power

to Circuit Off

to Power On
Model AP21510 | Tamb =-40°C | 2.7 — 50 N/A N/A 50 cycles completed. There was
(Current Input Power 5.5vdc | cycles no fire or shock hazard for all
Limit:0.5A) pin — Cycle: outputs tested.

Output Short-

Circuit, Power

to Circuit Off

to Power On
Model AP2111 |Tamb=285°C |2.7 — 50 N/A N/A 50 cycles completed. There was
(Current Input power 5.5Vdc | cycles no fire or shock hazard for all
Limit:5A and pin — cycle: outputs tested.
Current Power On with
Limit:2.9A) Output Open

Circuit to

Short
Model Tamb =85°C |2.7 - 50 N/A N/A 50 cycles completed. There was
AP2191D Input power 5.5vdc | cycles no fire or shock hazard for all
(Current pin — cycle: outputs tested.
Limit:2.6A) Power On with

Output Open

Circuit to

Short
Model AP21510 | Tamb =85°C |2.7 — 50 N/A N/A 50 cycles completed. There was
(Current Input power 5.5Vdc | cycles no fire or shock hazard for all
Limit:0.5A) pin — cycle: outputs tested.

Power On with

Output Open

Circuit to

Short
Model AP2111 | Output Short |6.05Vdc |7 Days | N/A N/A The current did not display any
(Current Circuit to significant change after 7 days of
Limit:5A and Ground operation and the device was
Current capable of performing its intended
Limit:2.9A) function.
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Model Output Short |6.05Vdc |7 Days | N/A N/A The current did not display any

AP2191D Circuit to significant change after 7 days of

(Current Ground operation and the device was

Limit:2.6A) capable of performing its intended
function.

Model AP21510 | Output Short | 6.05Vdc |7 Days | N/A N/A The current did not display any

(Current Circuit to significant change after 7 days of

Limit:0.5A) Ground operation and the device was
capable of performing its intended
function.

Supplementary information:

M.3 TABLE: Protection circuits for batteries provided within the equipment N/A
Is it possible to install the battery in a reverse polarity position? ........... : —
Charging
Equipment Specification Voltage (V) Current (A)
Battery specification
Non-rechargeable batteries Rechargeable batteries
Discharging | Unintentional Charging Discharging | Reverse
current (A) charging Voltage (V) | Current (A) current (A) charging

Manufacturer/type

current (A)

current (A)

Note: The tests of M.3.2 are applicable only when above appropriate data

is not available

Specified battery temperature (°C) ........coooiiiieeeiiieiniiiiieee e :

Component
No.

Fault
condition

Charge/

discharge mode

Test time

Temp. | Cu

°C)

(A)

rrent | Voltage

V)

Observation

Supplementary information:

M.4.2

TABLE: Charging safeguards for equipment containing a secondary lithium battery

N/A

Maximum specified charging voltage (V) ......ccoceeevniiiiiicennnn, :

Maximum specified charging current (A) .......cccccoiiiiiieiinenniniinns :

Highest specified charging temperature (°C) .......cccooeeieeiiinnnne. :

Lowest specified charging temperature (°C) ........cccocceeeeeriinnnen. :

TRF No. IEC62368_1E
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Battery Operating Measurement Observation
f faul . .
manufacturer/type 22: di?izr: Charging Charging Temp.
voltage (V) current (A) (°C)
Supplementary information:
Q.1 TABLE: Circuits intended for interconnection with building wiring (LPS) N/A
Isc (A) S (VA)

Output Condition Uoc (V) Time (s) = = —

Circuit Meas. Limit Meas. Limit
Supplementary Information:
T.2, T.3, TABLE: Steady force test N/A
T4, T5

Thick Force L
Location/Part Material Ecr:mr:)ess Probe N) Duration Observation
(s)
Supplementary information:
T.6,T.9 TABLE: Impact test N/A
Location/Part Material Thickness Height Observation
(mm) (mm)
Supplementary information:
T.7 TABLE: Drop test N/A
Location/Part Material Thickness Height Observation
(mm) (mm)

Supplementary information:

TRF No. IEC62368_1E
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T.8 TABLE: Stress relief test N/A
i Duration
Location/Part Material UIIELISES Oven Te;mperature Observation
(mm) 0 (h)
Supplementary information:
X TABLE: Alternative method for determining minimum clearances distances N/A
Clearance distanced between: | Peak of working voltage Required cl Measured cl

(V)

(mm)

(mm)

Supplementary information:
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41.2 TABLE: Critical components information Pass

Object / part No. | Manufacturer/ Type / model Technical data Standard Mark(s) of
trademark conformity?

Housing/Molded | Interchangeable Interchangeable | 130 degree C UL 746C (6th)+ -, UL, N/A

Compound

+ Indicates UL
standard has
requirements that
meet or exceed
the relevant
requirements in
IEC standard
Column.

Supplementary information:

1) Provided evidence ensures the agreed level of compliance. See OD-CB2039.
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ATTACHMENT TO TEST REPORT

IEC 62368-1

U.S.A. AND CANADA NATIONAL DIFFERENCES
(Audio/video, information and communication technology equipment — Part 1: Safety requirements)

Differences according to..................: | CSA/UL 62368-1:2019

TRF template used............................ | [ECEE OD-2020-F3, Ed. 1.1
Attachment Form No.......c.ccvviinnineee. :|US_CA ND_IEC62368_1E
Attachment Originator.....................: |UL(US)

Master Attachment........................... | Dated 2022-03-04

Copyright © 2022 IEC System for Conformity Testing and Certification of Electrical Equipment (IECEE),
Geneva, Switzerland. All rights reserved.

IEC 62368-1 - US and Canadian National Differences

Special National Conditions based on Regulations and Other National Differences

1
(1DV.1)
(1.3)

All equipment is to be designed to allow
installation in accordance with the National
Electrical Code (NEC), ANSI/NFPA 70, the
Canadian Electrical Code (CEC), Part 1,
CAN/CSA C22.1, and when applicable, the
National Electrical Safety Code, IEEE C2. Also,
for such equipment marked or otherwise
identified, installation is allowed per the Standard
for the Protection of Information Technology
Equipment, ANSI/NFPA 75.

N/A

1
(1DV.2.1)

This standard includes additional requirements
for equipment used for entertainment purposes
intended for installation in general patient care
areas of health care facilities. See Annex DVB.

N/A

1
(1DV.2.2)

This standard includes additional requirements
for equipment intended for mounting under
cabinets. See Annex DVC.

N/A

1
(1DV.2.3)

IEC 62368-3 clause 5 for DC power transfer at
ES1 or ES2 voltage levels is considered
informative. IEC 62368-3 clause 6 for remote
power feeding telecommunication (RFT) circuits
is considered normative (see ITU K.50).
Alternatively, equipment with RFT circuits are
given in either UL 2391 or CSA/UL 60950-21.
RFT-C circuits are not permitted unless the RFT-
C circuit complies with RFT-V limits (< 200V per
conductor to earth).

N/A

(1DV.3)

For protection against direct lightning strikes,
reference is made to NFPA 780 and CAN/CSA-
B72 for additional requirements.

N/A

Disclaimer: This document is controlled and has been released electronically.
Only the version on the IECEE Website is the current document version
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1 Additional requirements apply to some forms of N/A
(1DV.5) power distribution equipment, including sub-
assemblies.
4.1 For lengths exceeding 3.05 m, external N/A
(4.1.17) interconnecting cable assemblies are required to
be a suitable cable type (e.g., DP, CL2) specified
in the NEC.
For lengths 3.05 m or less, external N/A
interconnecting cable assemblies that are not
types specified in the NEC generally are required
to have special construction features and
identification markings.
4.6 Wire-wrap terminals have special construction N/A
(4.6.2) and performance requirements.
4.8 Coin / button cell batteries have modified special N/A
(4.8.3, construction and performance requirements.
4.8.4.5,
4.8.5)
5.4.2.3.2 Surge Arrestors and Transient Voltage Surge N/A
(5.4.2.3.2.1) | Suppressors installed external to the equipment
are required to comply with the appropriate NEC
and CEC requirements.
55.9 Receptacles, rated 125-V, single phase, 15- or N/A
20-A accessible to either ordinary, instructed, or
skilled persons are required to be provided with
GFCI Protection for Personnel if the equipment
containing the receptacles is installed outdoors.
The protection devices are required to comply
with UL 943, and CAN/CSA C22.2 No.144.
5.6.3 Protective earthing conductors comply with the N/A
minimum conductor sizes in Table G.7, except as
required by Table G.7ADV.1 for cord connected
equipment, or Annex DVH for permanently
connected equipment.
5.7.8 Equipment intended to receive N/A
(5.7.8.1) telecommunication ringing signals is required to
comply with a special touch current
measurement tests.
6.5.1 PS3 wiring outside a fire enclosure is required to N/A
comply with single fault testing in B.4, or be
current limited per one of the permitted methods.
Annex F Output terminals provided for supply of other N/A
(F.3.3.9) equipment, except mains supply, are required to
be marked with a maximum rating or reference to
equipment permitted to be connected.
Annex F Outdoor Enclosures are required to be classified N/A
(F.3.7) and marked in accordance with UL 50 or 50E, or
CAN/CSA C22.2 No. 94.1 or 94.2.
Annex G Permanent connection of equipment to the mains N/A
(G.7) supply by a power supply cord is not permitted,
except for certain equipment, such as ATMs.
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Power supply cords are required to have
attachment plugs rated not less than 125 percent
of the rated current of the equipment.

N/A

Flexible power supply cords are required to be
compatible with Article 400 of the NEC, and
Tables 11 and 12 of the CEC.

N/A

Minimum cord length is required to be 1.5 m, with
certain constructions such as external power
supplies allowed to consider both input and
output cord lengths into the requirement. Power
supply cords are required to be no longer than
4.5 m in length if used in ITE Rooms.

N/A

Power supply cords for outdoor equipment are
required to be suitable outdoor use type as
required by Section 400.4 of the NEC and Rule
4-012 of the CEC, i.e., marked “W.”

N/A

Annex H.2

Continuous ringing signals under normal
operating conditions up to 16 mA only are
permitted if the equipment is subjected to special
installation and performance restrictions.

N/A

Annex H.4

For circuits with other than ringing signals and
with voltages exceeding 42.4 Vpeak or 60 Vd.c.,
the maximum acceptable current through a 2000
ohm resistor (or greater) connected across the
voltage source with other loads disconnected is
7.1 mA peak or 30 mA d.c. under normal
operating conditions.

N/A

Annex Q
(Q-3)

Equipment with paired conductor and/or coax
communications cables/wiring connected to
building wiring are required to have special
voltage, current, power and marking
requirements.

N/A

Annex DVA
(1)

Equipment that is designed such that it may be
powered from a separate electrical service, is
required to meet applicable requirements for
service equipment for control and protection of
services and their installation and complies with
Article 230 of the National Electrical Code (NEC),
NFPA 70 and Section 6 of the Canadian
Electrical Code, Part I, CSA C22.1.

N/A

Equipment intended for use in spaces used for
environmental air (plenums) are subjected to
special flammability requirements for heat and
visible smoke release.

N/A

For ITE room applications, automated
information storage systems with combustible
media greater than 0.76 m3 (27 cu ft) are
required to have a provision for connection of
either automatic sprinklers or a gaseous agent
extinguishing system with an extended
discharge.

N/A

Consumer products designed or intended
primarily for children 12 years of age or younger
are subject to additional requirements in
accordance with U.S. and Canadian Regulations.

N/A
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Baby monitors are required to additionally comply
with ASTM F2951, Consumer Safety
Specification for Baby Monitors.

N/A

Storage batteries and battery management
equipment, other than associated with lead-acid
batteries, and including battery backup systems
that are not an integral part of stationary AV and
ICT equipment, such as provided in separate
cabinets, are required to be certified (listed) to
the appropriate standard(s) for such storage
batteries and equipment.

N/A

Annex DVA
(5.6)

For Pluggable Equipment Type A, the protection
in the installation is assumed to be 20A.

N/A

Annex DVA
(6.3)

The maximum gquantity of flammable liquid stored
in equipment is required to comply with NFPA 30.

N/A

Annex DVA
(6.4.8)

For ITE room applications, enclosures with
combustible material measuring greater than 0.9
m?2 (10 sq ft) or a single dimension greater than
1.8 m (6 ft) are required to have a flame spread
rating of 50 or less. For equipment with the
same dimensions for other applications, an
external surface that is not a fire enclosure
requires a minimum flammability classification of
V-1.

N/A

Annex DVA
(10.3)

Equipment with lasers is required to meet the
U.S. Code of Federal Regulations 21 CFR 1040
(and the Canadian Radiation Emitting Devices
Act, REDR C1370).

N/A

Annex DVA
(10.5)

Equipment that produces ionizing radiation is
required to comply with the U.S. Code of Federal
Regulations, 21 CFR 1020 (and the Canadian
Radiation Emitting Devices Act, REDR C1370).

N/A

Annex DVA
(F.3.3.4)

Equipment for use on a.c. mains supply systems
with a neutral and more than one phase
conductor (e.g. 120/240 V, 3-wire) require a
special marking format for electrical ratings.
Additional considerations apply for voltage
ratings that exceed the attachment cap rating or
that are lower than the “Normal Operating
Condition” in Table 2 of CAN/CSA C22.2 No.
235"

N/A

Annex DVA
(F.3.3.6)

Equipment identified for ITE (computer) room
installation is required to be marked with the
rated current.

N/A

Annex DVA
(G.1)

Vertically-mounted disconnect switches and
circuit breakers are required to have the "on"
position indicated by the handle in the up
position, where mounted in an enclosure,
vertically mounted disconnect switches and
circuit breakers with vertical operating means
extending outside the enclosure are required to
indicate in a location visible when accessing the
external operating means whether the switch or
circuit breaker is in the open (off) or closed (on)
position.

N/A
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Annex DVA
(G.3.4)

Suitable NEC/CEC branch circuit protection rated
at the maximum circuit rating is required for all
standard supply outlets and receptacles (such as
supplied in power distribution units) if the supply
branch circuit protection is not suitable.

N/A

Where a fuse is used to provide Class 2 or Class
3 current limiting, it is not operator-accessible
unless it is non- interchangeable.

N/A

Annex DVA
(G.4.2)

Equipment with isolated ground (earthing)
receptacles is required to comply with NEC
250.146(D) and CEC 10-400 and 10-612.

N/A

Annex DVA
(G.4.3)

Interconnection of units by conductors supplied
by a limited power source, or a Class 2 circuit
defined in the NEC/CEC may have field wiring
connections other than specified in DVH.3, such
as wire-wrap and crimp-on types, if the limited
power source and Class 2 circuits are separated
from all other circuits by barriers, routing or fixing.

N/A

Annex DVA
(G.5.3)

Power distribution transformers distributing
power at 100 volts or more, and rated 10 kVVA or
more, require special transformer overcurrent
protection.

N/A

Annex DVA
(G.5.4)

Motor control devices are required for
cord-connected equipment with a mains-
connected motor if the equipment is rated more
than 12 A, or if the equipment has a nominal
voltage rating greater than 120 V, or if the motor
is rated more than 1/3 hp (locked rotor current
over 43 A).

N/A

Annex DVA
(G.7)

Flexible cords used outdoors are required to
have the suffix “W” marked on the flexible cord.

N/A

Annex DVA
(M)

For ITE room applications, equipment with
battery systems capable of supplying 750 VA for
five minutes are required to have a battery
disconnect means that may be connected to the
ITE room remote power-off circuit.

N/A

Annex DVA
Q)

If applicable per NEC 725.121(C), some limited
power sources supplied from AV/ICT equipment
are required to have a label indicating the
maximum voltage and rated current output per
conductor for each connection point. Where
multiple connection points have the same rating,
a single label is permitted to be used.

N/A

Wiring terminals intended to supply Class 2
outputs in accordance with the NEC or CEC Part
lare required to be marked with the voltage
rating and “Class 2” or equivalent. The marking
is located adjacent to the terminals and visible
during wiring.

N/A

Applicable parts of Chapter 8 of the NEC, and
Rules 54 and 60 of the CEC, may be applicable
to ITE installed outdoors with connections to
communication systems.

N/A

Annex DVB
1)

Additional requirements apply for equipment
used for entertainment purposes intended for

N/A




Issue Date:

2024-07-24 Page 7 of 8

Report Reference #

E322375-A6029-CB-1

IEC62368_1E — ATTACHMENT

Clause

Requirement + Test

Result - Remark

Verdict

installation in general patient care areas of health
care facilities.

Annex DVC
(1)

Additional requirements apply for equipment
intended for mounting under kitchen cabinets.

N/A

Annex DVE
(4.1.1)

Some equipment, components, sub-assemblies
and materials associated with the risk of fire,
electric shock, or personal injury are required to
have component or material ratings in
accordance with the applicable national (U.S.
and Canadian) component or material
requirements. These equipment and components
include: appliance couplers, attachment plugs,
battery backup systems, circuit breakers,
communication circuit accessories, connectors
(used for current interruption of non-LPS circuits),
direct plug-in equipment, electrochemical
capacitor modules (energy storage modules with
ultracapacitors), enclosures (outdoor), flexible
cords and cables, fuses (branch circuit), ground-
fault current interrupters, interconnecting cables,
modular data centers, power supply cords, some
power distribution equipment, printed wiring,
protectors for communications circuits,
receptacles, surge protective devices, vehicle
battery adapters, wire connectors, and wire and
cables.

N/A

Annex DVH

Equipment for permanent connection to the
mains supply is subjected to additional
requirements.

N/A

Annex DVH
(DVH.1)

Wiring methods (terminals, leads, etc.) used for
the connection of the equipment to the mains are
required to be in accordance with the NEC/CEC.

N/A

Annex DVH
(DVH.2.1)

For safe and reliable connection to a mains,
permanently connected equipment is to be
provided.

N/A

Annex DVH
(DVH.2.2)

Additional considerations for D.C. mains.

N/A

Annex DVH
(DVH.3.2.1)

Terminals for permanent wiring, including
protective earthing terminals, are required to be
suitable for U.S./Canadian wire gauge sizes,
rated 125 percent of the equipment rating, and
be specially marked when specified.

N/A

Annex DVH
(DVH.3.2.3)

Wire binding screws are not permitted to attach
conductors larger than 10 AWG (5.3 mm?).

N/A

Annex DVH
(DVH.3.2.4)

All associated mains supply terminals are located
in proximity to each other and to the main
protective earthing terminal, if any.

N/A

Annex DVH
(DVH.3.2.5)

Terminals are located, guarded or insulated so
that, should a strand of a conductor escape when
the conductor is fitted, there is no likelihood of
accidental contact between such a strand and
accessible conductive parts or unearthed
conductive parts separated from accessible
conductive parts by supplementary insulation
only.

N/A
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Annex DVH | When field connection to an external circuit is via N/A
(DVH.3.3) wires (example, free conductors), the wires are

not smaller than 18 AWG (0.82 mm?) and the

free length of the wire inside an outlet box or

wiring compartment is 150 mm or more.
Annex DVH | Size of protective earthing conductors and (See sub-clause 5.6.5) N/A
(DVH.3.4) terminals
Annex DVH | Permanently connected equipment is required to N/A
(DVH.4) have a suitable wiring compartment and wire

bending space.
Annex DVH | Wire bending space N/A
(DVH.4.1)
Annex DVH |Volume of wiring compartment N/A
(DVH.4.2)
Annex DVH | Separation of circuits N/A
(DVH.4.3)
Annex DVH | Equipment markings and instructional N/A
(DVH.5) safeguards
Annex DVH | Identification of protective earthing terminal N/A
(DVH.5.1)
Annex DVH | Identification of terminal for earthed conductor N/A
(DVH.5.2) (neutral)
Annex DVH | Identification of terminals for aluminium N/A
(DVH.5.3) conductors
Annex DVH | Wire temperature ratings N/A
(DVH.5.4)
Annex DVH | Equipment connected to a centralized d.c. power N/A
(DVH.5.5) system, and having one pole of the DC mains

input terminal connected to the main protective

earthing terminal in the equipment, is required to

comply with special earthing, wiring, marking and

installation instruction requirements.
Annex DVI | Equipment intended for connection to N/A
(6.7) telecommunication network outside plant cable is

required to be protected against overvoltage from

power line crosses.
Annex DVJ | Equipment connected to a telecommunication N/A
(10.6.1) and cable distribution networks and supplied with

an earphone intended to be held against, or in

the ear is required to comply with special

acoustic pressure requirements.
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Enclosures
Enclosures
Type Supplement Id Description
Photographs 03-01 Overall view of Evaluation Board
Schematics + PWB 05-01 Test Schematic
Manuals 06-01 Datasheet AP2141 and AP2151
Manuals 06-02 Datasheet AP2161A and AP2171A
Manuals 06-03 Datasheet AP2181 and AP2191
Manuals 06-04 Datasheet AP21410 and AP21510
Manuals 06-05 Datasheet AP2101 and AP2111
Manuals 06-06 Datasheet AP2141D and AP2151D
Manuals 06-07 Datasheet AP2161D and AP2171D
Manuals 06-08 Datasheet AP2181D and AP2191D
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Lead-free Green AP2141/ AP2151
LIRS A METS WSS 0.5A SINGLE CHANNEL CURRENT-LIMITED POWER SWITCH
Description Pin Assignments
The AP2141 and AP2151 are integrated high-side power switches (Top View)
optimized for Universal Serial Bus (USB) and other hot-swap
applications. This family of devices complies with USB 2.0 and is GNDE e] E]Nc
avallable_ wnh both polantxe§ of. Enable 'lnput. They offer current alnd N E z] ST
thermal limiting and short circuit protection as well as controlled rise
time and undervoltage lockout functionality. A 7ms deglitch capability IN[3] [6] out
on the open-drain Flag output prevents false over-current reporting EN E El FLG
and does not require any external components.
S0-8

All devices are available in SO-8, MSOP-8EP, SOT25 and U-
DFN2018-6 packages.

(Top View)
Features Pl [ . Fmne
«  Single USB Port Power Switches IN 23 | P our
e Over-Current and Thermal Protection IN 2 } &1 out
o 0.8AAccurate Current Limiting EN[F] “—— [F]FLG
*  Reverse Current Blocking MSOP-8EP
*  95mQ On-Resistance
*  Input Voltage Range: 2.7V to 5.5V
e  0.6ms Typical Rise Time
e  Very Low Shutdown Current: 1pA (Max) (Top View)
«  Fault Report (FLG) with Blanking Time (7ms Typ) our[T7] T ™
*  ESD Protection: 4kV HBM, 400V MM
«  Active High (AP2151) or Active Low (AP2141) Enable o[ T
*  Ambient Temperature Range -40°C to +85°C e [T3] 4 JEN
e SOT25, SO-8, MSOP-8EP (Exposed Pad), and U-DFN2018-6: SOT25

Available in “Green” Molding Compound (No Br, Sb)

« Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2)
« Halogen and Antimony Free. “Green” Device (Note 3)
e 15kV ESD Protection per IEC 61000-4-2 (With External

(Top View)

Capacitance)
* UL Recognized, File Number E322375
*  |EC60950-1 CB Scheme Certified

Applications

*  Consumer Electronics — LCD TV & Monitor, Game Machines U-DFN2018-6
. Communications — Set-Top Box, GPS, Smartphone
o Computing — Laptop, Desktop, Servers, Printers, Docking

Station, HUB

Notes: 1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS) & 2011/65/EU (RoHS 2) compliant.
2. See http:/ww.diodes.com/quality/iead_free.html for more information about Diodes Incorporated’s definitions of Halogen- and Antimony-free, "Green"
and Lead-free.
3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + CI) and
<1000ppm antimony compounds.

AP2141/ AP2151 10f18 January 2017
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AP2141/ AP2151
Typical Applications Circuit
AP2151 Enable Active High
Power Supply IN ouT Load
27V1055V X L 1 Lk
<b
S0k TOHF 13»1uF I’-WF |120pF
FLG
EN  GND
ON
|
Available Options
Part Number Channel Enable Pin (EN) Current Limit (Typical) Maxil C Load Current
AP2141 1 Active Low 0.8A 0.5A
AP2151 1 Active High 0.8A 0.5A
Pin Descriptions
Pin Pin Number Fiinctic
Name S0-8 MSOP-8EP SOT25 |U-DFN2018-6
GND 1 1 2 1 Ground
IN 2,3 2,3 5 2 Voltage Input Pin (all IN pins must be tied together externally)
Enable Input
EN 4 4 4 3 Active Low (AP2141) or Active High (AP2151)
FLG 5 5 3 4 Over-Current and Over-Temperature Fault Report
Open-Drain flag is active low when triggered
ouT 6,7 6,7 1 5,6 Voltage Output Pin (all OUT pins must be tied together externally)
NC 8 8 — — No internal connection; recommend tie to OUT pins
Exposed Pad
Exposed — Exposed = Exposed It should be externally connected to GND plane and thermal mass for|
Pad Pad Pad enhanced thermal impedance.
It should not be used as electrical ground conduction path.
AP2141/ AP2151 20f18 January 2017
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AP2141/ AP2151

®
I mcomRPORATG ED

Functional Block Diagram

AP2141, AP2151

Current
Sense

Absolute Maximum Ratings (@Ta = +25°C, unless otherwise specified.)

Symbol Parameter Ratings Units
HBM Human Body Model ESD Protection 4 kV
Machine Model ESD Protection
MM for SO-8, MSOP-8EP, SOT25 Packages 400 v
Machine Model ESD Protection
ESD M for U-DFN2018-6, SO-8 Packages o00 M
Surges per EN61000-4-2. 1999 applied to | . 15 "y
IEC System | output terminals of EVM (Note 5)
Level Surges per EN61000-4-2. 1999 applied to
output terminals of EVM (Note 5) Contact 8 kv
Vin Input Voltage 6.5 \"
Vout Output Voltage Vin +0.3 \%
VEN, VFLG Enable Voltage 6.5 \%
ILoAD Maximum Continuous Load Current Internal Limited A
Timax) Maximum Junction Temperature +150 °C
Tst Storage Temperature Range (Note 4) -65 to +150 °C
Caution: ~ Stresses greater than the ‘Absolute Maximum Ratings' specified above, may cause permanent damage to the device. These are stress ratings only;
functional operation of the device at these or any other i ing those indi in this specification is not implied. Device reliability may be
affected by exp to absolute i rating iti for periods of time.

Semiconductor devices are ESD sensitive and may be damaged by exposure to ESD events. Suitable ESD precautions should be taken when handling
and transporting these devices.

Notes: 4. UL Recognized Rating from -30°C to +70°C (Diodes qualified Tst from -65°C to +150°C).
5. External capacitors need to be connected to the output, EVM board tested with capacitor 2.2pF 50V 0805. This level is a pass test only and not a limit.

Recommended Operating Conditions (@7, = +25°C, unless otherwise specified.)

Symbol Parameter Min Max Units
VIN Input Voltage 27 55 \%
lout Output Current 0 500 mA
Ta Operating Ambient Temperature -40 +85 °C
Vi EN Input Logic Low Voltage 0 0.8 \Y%
ViH EN Input Logic High Voltage 2 ViN \4
AP2141/ AP2151 30f18 January 2017
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AP2141/ AP2151
|-to--olAYlow
Electrical Characteristics (@14 =+25°C, vin = 5.0V, unless otherwise specified.)

Symbol Parameter Conditions Min Typ Max Unit
Vuvio |Input UVLO Rioap = 1kQ 16 1.9 25 \
Ision  |Input Shutdown Current Disabled, loyr = 0 - 0.5 1 pA

la Input Quiescent Current Enabled, lout = 0 — 45 70 A
Iteak  |Input Leakage Current Disabled, OUT Grounded — — 1 PA
Irev  |Reverse Leakage Current Disabled, Vin = 0V, Vout = 5V, Irev at Vin —_ 1 —_ A

.. [SOT25, SO-8, MSOP-8EP — 95 115
Vin=5v, - Ta=+25°C 5 oeNao1es — 90 | 110
2 . lout = 0.5A
Ros(on) |Switch On-Resistance -40°C s Tas +85°C = — 140 mQ
ViN=3.3V, [Ta=+25°C — 120 140
lour =0.5A  |40°C < Ta< +85°C — — 170
Istort |Short-Circuit Current Limit Enabled into Short Circuit, C, = 22pF — 0.6 S A
lumir [Over-Load Current Limit Vin = 5V, Vour = 4.8V, CL = 22F, -40°C < Tas +85°C 0.6 0.8 1.0 A
Itric  |Current Limiting Trigger Threshold ~ |Output Current Slew Rate (<100A/s), C, = 22pF — 1.0 — A
Isink  |EN Input Leakage Ven = 5V - — 1 HA
toon) |Output Turn-On Delay Time CL = 1pF, RLoap = 10Q — 0.05 — ms
tr Output Turn-On Rise Time CL = 1pF, RLoap = 10Q —_ 0.6 1.5 ms
toorF) [Output Turn-Off Delay Time CL = 1pF, RLoap = 10Q — 0.01 — ms
tr Output Turn-Off Fall Time CL = 1uF, Rioap = 10Q — 0.05 0.1 ms
Rrig  |FLG Output FET On-Resistance lrLg =10mA — 20 40 Q
tetank  |FLG Blanking Time Cin = 10pF, Ci = 22pF 4 7 15 ms
Tswon |Thermal Shutdown Threshold Enabled, Rioap = 1kQ — +140 —_ °C
Tuys |Thermal Shutdown Hysteresis _ - +25 — °C
SO-8 (Note 6) - 110 — °CW
Oun Thermal Resistance Junction-to- MSOP-8EP (Note 7) — 60 — °CIW
Ambient SOT25 (Note 8) — 157 — °CW
U-DFN2018-6 (Note 9) — 70 — °CIW
Notes: 6. Test condition for SO-8: Device mounted on FR-4, 20z copper, with minimum recommended pad layout.

7. Test condition for MSOP-8EP: Device mounted on 2" x 2" FR-4 substrate PC board, 20z copper, with minimum recommended pad on top layer and
thermal vias to bottom layer ground plane.

8. Test condition for SOT25: Device mounted on FR-4, 20z copper, with minimum recommended pad layout.

9. Test condition for U-DFN2018-6: Device mounted on FR-4 2-layer board, 20z copper, with minimum recommended pad on top layer and 3 vias to bottom
layer 1.0"x1.4" ground plane.

AP2141/ AP2151 40f 18 January 2017
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| AP2141/ AP2151
Typical Performance Characteristics
Ven gon o) Ven Voo 50
I I I I
| g ! | to(orF) | g !  to(orr)
I ! g [ > ¢
I I

to | | ||
(ON) | 90% 90%
Vour I |

10% 10%

t | | [

D(ON) | 90% 90% |

Vour I | |
10% 10%

Figure 1. Voltage Waveforms: AP2141 (Left), AP2151 (Right)

All Enable Plots are for AP2151 Active High

Turn-On Delay and Rise Time

Turn-Off Delay and Fall Time

" Ven
Ve 5V/div
5V/div
\ Vour
idi 2Vidiv
.
CL=1pF -
Ta= +25°C L=E
R_= 100 ;"':Ef)c
L=
500ps/div 500ps/div
Turn-On Delay and Rise Time Turn-Off Delay and Fall Time
+1 VEN .
Ven ' 5VIdiv v
5Vidiv
Vour
\2/3,‘{.2‘, 2Vidiv
CL=1pF CL=
=5 o L= 1pF
o Ta=+25°C
L=10 RL=100Q
500ps/div 500ps/div
AP2141/ AP2151 50f 18 January 2017
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AP2141/ AP2151
l-‘O.-olAYlDw
Typical Performance Characteristics (cont)
Short Circuit Current,
Device Enabled Into Short Inrush Current
VEN - Ven %
5Vidiv ” 5Vidiv Cu=100uF Vin= 5V
id Ta=+25°C
l RL=10Q
lout
lour | Vin= 5V \
200mA/div Ta=+25°C =100
/ CL=22)F
Cy = 220pF
500ps/div 1ms/div
3Q Load Connected to Enabled Device 2Q Load Connected to Enabled Device
VIN =5V Vin =5V
Ta=+25°C ¥ VFLAgs Ta=+25°C o1
Vriag CL=224F 2Vidn CL=22F
2Vidiv ; w
’ A
i
lout “ lour
500mA/div 500mA/div
2ms/div 2ms/div
Short Circuit with Blanking Time and Recovery Power On
VIN=5V
Vout Ta=+25°C VFLAG
5V/div CL=224F M
—_— * v
VFLag L] lout 5
5V/div 200mA/div Ta=428°C
CL=22)F
RL=10Q
VEn
5Vidiv
lout
1A/div I —
VIN
5Vidiv
20ms/div 1ms/div
AP2141/ AP2151 60of 18 January 2017
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AP2141/ AP2151
I N C O R P O RATGSR l:.
Typical Performance Characteristics (cont)
UVLO Increasing UVLO Decreasing
o Ta=+25°C
Vin Ta=+25°C s CL=22pF 5
2Vidiv Sh=Z2ls RL=100
RL =100 Vin
2V/div
o “
lout
200mA/div
7 lour
200mA/div
1ms/div 10ms/div
Tumn-On Time vs Input Voltage Tum-Off Time vs Input Voltage
800 3
700 — 3 I
% 600 =% e |
‘E' 500 L ‘;' CL=1yF
£ w &> RL=10Q
5 s 2 Ta=+25°C —
g = — £
2 - CL=1pF R
RL=10Q
100 TA=+25C —— =
0 ! L | 2
15 2 25 3 35 4 45 5 55 6 15 2 25 3 s 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
Rise Time vs Input Voltage Fall Time vs Input Voltage
600 2
500 2
T 400 3 P
e £o
T 200 CL=1uF & CL=1pF —
RL= 100. RL=100Q
100 Ta=+25°C — 20 Ta=+25°C -1
0 19
15 2 25 3 as 4 4s 5 55 6 15 2 25 3 35 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
AP2141/ AP2151 70f18 January 2017
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AP2141/ AP2151

Typical Performance Characteristics (cont)

Supply Current, Output Enabled vs Ambient Temperature Supply Current, Output Disabled vs Ambient Temperature
65 _ 180
3s ERPY ViN=55V
§ Vin 5 5.0V i 120 \ .
5 i Vin=5.0v N\
s ViN = 5.5V S 10 -
50 \ H N
g / £ pe0lViN=33V
1 o
45
E‘ = V\ . § o \//
IN=2. (S -
é 40 3 0w VIN=2.
ViN=3.3V
g . IN § -
" @«
30 000
50 40 20 0 2 40 60 8 100 45 25 5 15 38 55 7% 95
Ambient Temperature (*C) Ambient Temperature (°C)
Static Drain-Source On-State Resistance vs Ambient Short-Circuit Output Current vs Ambient Temperature
Temperature
200 710
190 i 700 VIN=5.0V
§ . £ VIN=27V ViN=33V
gg™ V=27V Viy=33V 3 Y Y \
E 0 \ \ O 680
g 3 \ /Y = P \/T
€ 150 &m0
z i - \ = o0 5
- E) / E /
] \ Q 650
3™ H vin=45
@ IN=5.5V
110 5 &40
VIN = 5.0V
100 630
0 40 20 0 2 4 ® L 100 60 40 20 0 2 40 60 80 100
Ambient Temperature (°C) Ambient Temperature (°C)
Undervoltage Lockout vs Ambient Temperature Threshold Trip Current vs Input Voltage
205 115
204 /
S 20 — ;_‘ 114
322 UVLO Rising E
£ £
g 201 gw
3 200 £
g 5 i
199 - —
g o UVLO Falling % Ta=+25°C
S 197 Em CL=22yF —
196
195 110
60 -0 20 0 20 40 60 80 100 28 33 38 43 48 53
Ambient Temperature (°C) Input Voltage (V)
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AP2141/ AP2151
Typical Performance Characteristics (cont)
Current Limit Response vs Peak Current
45
40
]\
£ \\ CL=22yF -
% 25 ViN =5V —
£ Ta=+25°C
5
z 15
g
5 10
o
5
)
2 3 4 5 6 7 8 9 10
Peak Current (A)
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Application Information

Power Supply Considerations

A 0.01pF to 0.1pF X7R or X5R ceramic bypass capacitor between IN and GND, close to the device, is recommended. Placing a high-value
electrolytic capacitor on the input (10pF minimum) and output pin(s) is recommended when the output load is heavy. This precaution reduces
power-supply transients that may cause ringing on the input. Additionally, bypassing the output with a 0.01pF to 0.1puF ceramic capacitor improves
the immunity of the device to short-circuit transients.

Over-current and Short Circuit Protection

An internal sensing FET is employed to check for over-current conditions. Unlike current-sense resistors, sense FETs do not increase the series
resistance of the current path. When an overcurrent condition is detected, the device maintains a constant output current and reduces the output
voltage accordingly. Complete shutdown occurs only if the fault stays long enough to activate thermal limiting.

Three possible overload conditions can occur. In the first condition, the output has been shorted to GND before the device is enabled or before Vi
has been applied. The AP2141/AP2151 senses the short circuit and immediately clamps output current to a certain safe level namely IsporT.

In the second condition, an output short or an overload occurs while the device is enabled. At the instance the overload occurs, higher current may
flow for a very short period of time before the current limit function can react. After the current limit function has tripped (reached the over-current
trip threshold), the device switches into current limiting mode and the current is clamped at I

In the third condition, the load has been gradually increased beyond the recommended operating current. The current is permitted to rise until the
current-limit threshold (Itrig) is reached or until the thermal limit of the device is exceeded. The AP2141/AP2151 is capable of delivering current
up to the current-limit threshold without damaging the device. Once the threshold has been reached, the device switches into its current limiting
mode and is set at lumir.

Note that when the output has been shorted to GND at extremely low temperature (< -30°C), a minimum 120pF electrolytic capacitor on the output
pin is recommended. A correct ¢ itor type with itor voltage rating and temperature characteristics must be properly chosen so that
capacitance value does not drop too low at the extremely low temperature operation. A recommended capacitor should have temperature
characteristics of less than 10% variation of capacitance change when operated at extremely low temp. Our recommended aluminum electrolytic
capacitor type is Panasonic FC series.

FLG Response

When an over-current or over-temperature shutdown condition is encountered, the FLG open-drain output goes active low after a nominal 7ms
deglitch timeout. The FLG output remains low until both over-current and over-temperature conditions are removed. Connecting a heavy
capacitive load to the output of the device can cause a momentary over-current condition, which does not trigger the FLG due to the 7ms deglitch
timeout. The FLG will be triggered at above 500mA to indicate possible Over-Current condition. The AP2141/AP2151 is designed to eliminate
false over-current reporting without the need of external components to remove unwanted pulses.

Power Di and Temp
The low on-resistance of the internal MOSFET allows the small surface-mount packages to pass large current. Using the maximum operating
ambient temperature (Ta) and Ros(on), the power dissipation can be calculated by:

Po = Ros(on) I

Finally, calculate the junction temperature:
Ty=PopxRes+ Ta

Where:

Ta= Ambient temperature °C

Rgya = Thermal resistance
Pp = Total power dissipation

AP2141/ AP2151 10 of 18 January 2017
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Application Information (cont)

Thermal Protection

Thermal protection prevents the IC from ge when heavy- d or short-circuit faults are present for extended periods of time. The

AP2141/AP2151 implements a thermal sensing to monitor the operating junction temperature of the power distribution switch. Once the die
p ire rises to approxi ly +140°C due to excessive power dissipation in an over-current or short-circuit condition, the internal thermal

sense circuitry turns the power switch off, thus preventing the power switch from damage. Hysteresis is built into the thermal sense circuit allowing

the device to cool down approximately +25°C before the switch turns back on. The switch continues to cycle in this manner until the load fault or

input power is removed. The FLG open-drain output is when an over-temperature shutdown or over-current occurs with 7ms deglitch.

Under-Voltage Lockout (UVLO)

Undervoltage lockout function (UVLO) keeps the internal power switch from being tumed on until the power supply has reached at least 1.9V,
even if the switch is enabled. Whenever the input voltage falls below approximately 1.9V, the power switch is quickly turned off. This facilitates the
design of hot-insertion systems where it is not possible to turn off the power switch before input power is removed.

Host/Self-Powered HUBs

Hosts and self-powered hubs (SPH) have a local power supply that powers the embedded functions and the downstream ports (see Figure 2).
This power supply must provide from 5.25V to 4.75V to the board side of the downstream connection under both full-load and no-load conditions.
Hosts and SPHs are required to have current-limit protection and must report over-current conditions to the USB controller. Typical SPHs are
desktop PCs, monitors, printers, and stand-alone hubs.

Power Supply Downstream
USB Ports
33V 5V D+
AP2141 —p.
2,3 6,7
HIN ouT
= == =vproram AU
I I f GND

usB
Control

Figure 2. Typical One-Port USB Host / Self-Powered Hub

Generic Hot-Plug Applications

In many ications it may be r y to remove modules or PC boards while the main unit is still operating. These are considered hot-plug
pplications. Such impl ions require the control of current surges seen by the main power supply and the card being inserted. The most

effective way to control these surges is to limit and slowly ramp the current and voltage being applied to the card, similar to the way in which a

power supply normally turns on. Due to the controlled rise and fall times of the AP2141/AP2151, these devices can be used to provide a softer

start-up to devices being hot-plugged into a powered system. The UVLO feature of the AP2141/AP2151 also ensures that the switch is off after

the card has been removed, and that the switch is off during the next insertion.

By placing the AP2141/AP2151 between the Vcc input and the rest of the circuitry, the input power reaches these devices first after insertion. The
typical rise time of the switch is approximately 1ms, providing a slow voltage ramp at the output of the device. This implementation controls system
surge current and provides a hot-plugging mechanism for any device.

Dual-Purpose Port Applications

AP2141/AP2151 is not recommended for use in dual-purpose port applications in which a single port is used for data communication between the
host and peripheral devices while simultaneously maintaining a charge to the battery of the peripheral device. An example of such a non-
recommended application is a shared HDMI/MHL (Mobile High-definition Link) port that allows streaming video between an HDTV or set-top box
and a smartphone or tablet while maintaining a charge to the smartphone or tablet battery. If a voltage is maintained across the output of the
AP2141/AP2151 when the output is disabled and the V| of the device is subsequently ramped up, an overstress condition to the AP2141/AP2151
may result.

AP2141/ AP2151 110f 18 January 2017
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IimcomPORATED
Ordering Information
AP21X1 XX G -X
[ r =i L 1
[ Enable | | Channel | | Package I | Green ] | Packing |
4:ActiveLow 1:1Channel W: SOT25 G :Green 7:7"” Tape & Reel
5: Active High S:80-8 13:13” Tape & Reel
MP : MSOP-8EP
FM : U-DFN2018-6
i B & z 7” 113" Tape and Reel
Part Package Code | ¥ ging (Note 10) Quantity Part Number Suffix
AP21X1WG-7 w SOT25 3,000/Tape & Reel -7
AP21X1SG-13 S SO-8 2,500/Tape & Reel -13
AP21X1MPG-13 MP MSOP-8EP 2,500/Tape & Reel -13
AP21X1FMG-7 FM U-DFN2018-6 3,000/Tape & Reel -7

Note: 10. For packaging details, go to our website at http://www.diodes.com/products/packages.html.

Marking Information

(1) so-8
(Top View)

— 1:1 Channel

Logo«—— )11}
AP21X X | G Green
X

Part Number +——

4 : Active Low+—— YY : Year : 08, 09,10~
5: Active High YY WW X X VW : Week : 01~52: 52
represents 52 and 53 week
O X : Internal Code
IENERZ
(2) MSOP-8EP
(Top View)
8] [7] [6] [s]
—t—* A~Z: Green
Logo «——— )| | YW X E-— MSOP-8EP
Y :Year:0~9

Part Number AP21X X W: V}/g;kS:ZA-Z :k1'-26 week;
4: Active Low <_—'r-[ gzzahd e W(_)weeke ; Z represents
Siactive High o — 1: 1 Channel

W & B W

12 0f 18 January 2017
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Marking Information (cont)

(3) SOT25

( Top View)

[5]

2]

: Identification code

:Year 0~9

: Week : A~Z : 1~26 week;
a~z : 27~52 week; z represents
52 and 53 week

s <

XXY W

>

] [2] [3] X : A~Z : Green

Device Package Type Identification Code
AP2141W SOT25 HR
AP2151W SOT25 HS

(4) U-DFN2018-6

(Top View)
XX : Identification Code
XX Y : Year:0~9
YWX W : Week : A~Z : 1~26 week;
. a~z : 27~52 week; z represents
52 and 53 week

X :A~Z : Green
Device Package Type Identification Code
AP2141FM U-DFN2018-6 HR
AP2151FM U-DFN2018-6 HS
AP2141/ AP2151 130f 18 January 2017
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AP2141/ AP2151
I M C O R P O R ATSR nw
Package Outline Dimensions
Please see http://www.diodes.com/package-outlines.html for the latest version.
(1) so-8
SO-8
Dim | Min Max | Typ
+ ; A | 140 | 150 | 1.45
A1 | 010 | 020 | 0.15
O b | 0.30 | 0.50 | 0.40
1 c | 015 | 025 | 0.20
D | 485 | 495 | 490
H Ij lj E | 590 | 6.10 | 6.00
E1 | 380 | 3.90 | 3.85
sl E1 EO | 3.85 | 3.95 | 3.90
— h e - - 1.27
o & ) Q h = - |o035
o L 7 5 { L | 062 | 0.82 | 0.72
' ’T [ 0 r° Q | 060 | 0.70 | 0.65
f = A 4 4 < All Di ions in mm
Il ' uge Plane
e “EET‘-‘T:‘—' =1 Seating Plane
o e At £l =
D
(2) MSOP-8EP
MSOP-8EP
= D Dim | Min | Max | Typ
| A - [110] -
mmm . A1 | 0.05 | 0.15 | 0.10
” ﬂlﬂ ﬂ N A2 | 0.75 | 0.95 [ 0.86
el = ; L.\ A3 | 0.29 [ 0.49 | 0.39
x T T w| (] b_|0.22 [ 0.38 | 0.30
= === E el bl L] SJ{‘ | ¢ _[0.08 | 023015
L@ GaugeP'anej_\\g: D [2.90 | 3.10 | 3.00
i | B Seating Plane ] p D1 [1.60 | 2.00 | 1.80
i S L7 E | 470510490
! u_l U U U U E1 [ 290 [ 3.10 [ 3.00
i e 8Xb E2 ]1.30]1.70 | 1.50
| ‘ o B o Detail C E3 [ 285 [ 3.05 [ 2.95
A1 A3 2 e - -_[065
r I \w c L [ 0.40 [ 0.80 | 0.60
A A2 ) J a 0° 8 g
= 1 A
i D ! N AR X - - 10.750
= 7 ! y | - 1 - [0.750
See Detail C All in mm
AP2141/ AP2151 14 of 18 January 2017
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AP2141/ AP2151

I mcomRPORATG ED

Package Outline Dimensions (cont)

Please see http://www.diodes.com/package-outlines.html for the latest version.

(3) SOT25
s
H H H | SOT25
1 Dim | Min | Max | Typ
B C A [035 [050]0.38
| B | 1.50 [1.70] 1.60
H H C | 270 [3.00]2.80
D | — | — [095
H [ 2.90 [3.10]3.00
—— J_[0.013]0.10]0.05
T ki K | 1.00 [1.30]1.10
N M L | 0.35 [0.55]0.40
4. ——[ 2 M | 0.10 [0.20]0.15
L fof <3 N _[0.70 [0.80]0.75
D g a 0° 8 —
All D in mm
(4) U-DFN2018-6
[} A3
A
vy b SEATING PLANE
U-DFN2018-6
A1l Dim | Min | Max | Typ
. A_[0.545]0.605]0.575
Rl D= D AT | 0 _[005]002
A3 | — | — [013
G v b _[0.15]0.25 [ 0.20
|+| |_r| |HIR® D [1.750[1.875] 1.80
nn D2 [ 1.30 | 1.50 | 1.40
J e — | — 1050
r E_|1.95[2.075| 2.00
E +=-—1TE2 E2 [0.90 [ 1.10 [ 1.00
* L 020030025
z — | — [0.30
rLl All Di in mm
HIH! z |

AP2141/ AP2151 150f 18 January 2017
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AP2141/ AP2151

Suggested Pad Layout

Please see http://www.diodes.com/package-outlines.html for the latest version.

(1) so-8

[ 1
I D
r | 1
fo—=t-C = X f=—
(2) MSOP-8EP
X C
S m !
Y
1
}
2 Y1
X1 *
(3) soT2s
oo
alalok
7 G c1
ko
=
AP2141/ AP2151 16 of 18

Document number: DS31562 Rev. 10 -2 www.diodes.com

Dii i Value (in mm)
C 1.27
X 0.80:
X1 4.61
Y: 1.50:
Y1 6.50
Dimensions (I\rl‘a:;)
[ 0.650
G 0.450
X 0.450
X1 2.000
Y 1.350
Y1 1.700
Y2 5.300
Dimensions Value
3.20
G 1.60
X 0.55
Y. 0.80
C1 2.40
C2 0.95

January 2017
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AP2141/ AP2151

Suggested Pad Layout (cont)

Please see http://www.diodes.com/package-outlines.html for the latest version.

(4) U-DFN2018-6

]
2 5 Value
VI I: Dimensions (in mm)
[ 0.50
G 0.20
X 0.25
W | e et R g r X1 1.60
Y 0.35
R3 Y1 1.20
G
O Of
x1
AP2141/ AP2151 17 of 18 January 2017
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and inative format by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2017, Diodes Incorporated

www.diodes.com
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Lead-ree Green AP2161A/ AP2171A
1A SINGLE CHANNEL CURRENT-LIMITED POWER SWITCH

I NcCORPORATERD

Description Pin Assignments
The AP2161A and AP2171A are integrated high-side power switches
optimized for Universal Serial Bus (USB) and other hot-swap {Top View)
applications. The family of devices complies with USB 2.0 and is GND [I e z] NC
available with both polarities of Enable input. They offer current and
thermal limiting and short circuit protection as well as controlled rise IN E E out
gr::eh:v;d underyoltage lockout functionality. A 7ms deglitch ca_pabnlny - E E] —_—

pen-drain Flag output prevents false over-current reporting and
does not require any external components. EN E El FLG
All devices are available in SO-8, MSOP-8EP, SOT25, and $0-8
U-DFN2018-6 packages. (Top View)

GND (] 51 NC
Features IN 1 out
*  Single USB Port Power Switches IN ] &1 ouT
e Over-Current and Thermal Protection EN ] 51 FLG
e  1.5A Accurate Current Limiting MSOP-8EP
*  Reverse Current Blocking
*  95mQ On-Resistance (Top View)
* Input Voltage Range: 2.7V - 5.5V
*  0.6ms Typical Rise Time
*  Very Low Shutdown Current: 1pA (max) OUTDI S M
*  Fault Report (FLG) with Blanking Time (7ms typ) GNDDZ
. ESD Protection: 4kV HBM, 300V MM
«  Active Low (AP2161A) or Active High (AP2171A) Enable FLe T3] I en
e  Ambient Temperature Range: -40°C to +85°C
e  SOT25, SO-8, MSOP-8EP (Exposed Pad), and U-DFN2018-6: SOT25
Available in “Green” Molding Compound (No Br, Sb)

*  Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2) ( Top View )

* Halogen and Antimony Free. “Green” Device (Note 3)

« UL Recognized, File Number E322375 out

* |EC60950-1 CB Scheme Certified ouT
FLG

Applications

e Consumer Electronics — LCD TVs & Monitors, Game Machines

e  Communications — Set-Top-Boxes, GPS, Smartphones

e  Computing — Laptops, Desktops, Servers, Printers, Docking
Stations, HUBs

U-DFN2018-6

Notes: 1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS) & 2011/65/EU (RoHS 2) compliant.
2. See http://www.diodes.com/quality/lead_free.html for more information about Diodes Incorporated's definitions of Halogen- and Antimony-free, "Green"
and Lead-free.
3. Halogen- and Antimony-free "Green"” products are defined as those which contain <3900ppm bromine, <900ppm chlorine (<1500ppm total Br + Cl) and
<1000ppm antimony compounds.

AP2161A/AP2171A 10f 18 March 2015
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AP2161A/ AP2171A
lncnn!clnvlnm
Typical Applications Circuit
AP2171A Enable Active High
Power Supply IN ouT Load
vesw T L 1 I 1
>
E:1ok TOUFIMUF IOJuF ?ZOUF
FLG
EN  GND
ON
owf L
Available Options
i Current Limit Rec ded Maxi C
Part Number Channel Enable Pin (EN) (typ) Current
AP2161A 1 Active Low 1.5A 1.0A
AP2171A 1 Active High 1.5A 1.0A
Pin Descriptions
P Pin Numbee Function
Name SO-8 | MSOP-8EP | SOT25 | U-DFN2018-6
GND 1 1 2 1 Ground
IN 2,3 2,3 5 2 Voltage input pin (all IN pins must be tied together externally)
EN 4 4 4 3 Enable input, active low (AP2161A) or active high (AP2171A)
Over-current and over-temperature fault report; open-drain flag is active low when
FLG L 5 3 4 A
triggered
ouT 6,7 6,7 1 5,6 Voltage output pin (all OUT pins must be tied together externally)
NC 8 8 N/A NA No internal connection; recommend tie to OUT pins
Exposed pad.
Exposed tab - Exposed tab . Exposed tab |It should be connected to GND and thermal mass for enhanced thermal
impedance. It should not be used as electrical ground conduction path.
AP2161A/AP2171A 20f18 March 2015
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AP2161A/ AP2171A
ln:olbonAvln%
Functional Block Diagram
AP2161A, AP2171A
Absolute Maximum Ratings (@Ta = +25°C, unless otherwise specified.)
Symbol Parameter Ratings Units

ESD HBM Human Body Model ESD Protection 4 kV
Machine Model ESD Protection 400 v

ESD MM for MSOP-8EP, SOT25 packages
Machine Model ESD Protection 300 v

for U-DFN2018-6, SO-8 packages
Vin Input Voltage 6.5 '
Vourt Output Voltage Vin +0.3 \
Ven, Vag Enable Voltage 6.5 Vv
ILoap Maximum Continuous Load Current Internal Limited A
Tumax) Maximum Junction Temperature 150 C
Tsr Storage Temperature Range (Note 4) -65 to +150 C

Caution:  Stresses greater than the ' M Ratings’ above, may cause permanent damage to the device. These are stress ratings only;
functional operation of the device at these or any other it ing those indi in this ification is not implied. Device reliability may be
affected by to absolute i rating it for periods of time.

Semiconductor devices are ESD sensitive and may be damaged by exposure to ESD events. Suitable ESD precautions should be taken when handling
and transporting these devices

Note:

4. UL Recognized Rating from -30°C to +70°C (Diodes qualified TsT from -65°C to +150°C).

Recommended Operating Conditions (@74 = +25°C, unless otherwise specified.)

Symbol Parameter Min Max Units
Vin Input Voltage 27 5.5 Vv
lout Output Current 0 1.0 A
Ta Operating Ambient Temperature -40 +85 °C
ViH High-Level Input Voltage on EN or EN 2.0 Vin \%
Vi Low-Level Input Voltage on EN or EN 0 0.8 \
AP2161A/AP2171A 3of 18 March 2015
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AP2161A/ AP2171A
imcomPoOoRATED
Electrical Characteristics @7a = +25C, Vin = +5V, unless otherwise specified.)

Symbol Parameter Test Conditions Min Typ | Max | Unit
Vuvio  |Input UVLO Rioap = 1kQ 1.6 1.9 25 \"
Isipn  |Input Shutdown Current Disabled, lout=0 — 0.5 1 uA

la Input Quiescent Current Enabled, loytr =0 — 45 70 HA
ILeak  |Input Leakage Current Disabled, OUT grounded — — 1 HA
Irev Reverse Leakage Current Disabled, Vin= 0V, Vour = 5V, Igev at Vin —_ 1 —_ HA
[sOT25, MSOP-8EP, SO-8 — | 95 | 115
Vin=5V,  [TA=+25C TG oeNa0186 — | 90 | 110
Ros(on)  |Switch On-Resistance for=1A -40°C s Tas +85°C = o 140 mQ
Vin = 3.3V, Ta=+25°C —_ 120 140
lour = 1A -40°C < Tas +85°C = — 170
Isvort  |Short-Circuit Current Limit Enabled into short circuit, C = 68uF — 1.2 — A
lumr  |Over-Load Current Limit Vin= 5V, Vour = 4.6V, CL = 68)F, -40°C < Ta< +85°C 1.1 1.5 1.9 A
I1rig Current Limiting Trigger Threshold  |Output Current Slew rate (<100A/s) , C =68uF — 2.0 — A
Isink EN Input Leakage Ven = 5V — — 1 WA
toon)  [Output Turn-On Delay Time CL = 1uF, Rioan = 10Q — 0.05 — ms
tR Output Turn-On Rise Time CL = 1uF, Rioap=10Q — 0.6 15 ms
toorr)  |Output Turn-Off Delay Time CL = 1pF, RLoap = 10Q — 0.01 — ms
te Output Turn-Off Fall Time CL=1uF, Rioap= 10Q — 0.05 0.1 ms
Fault Flag
Rria FLG Output FET On-Resistance IFLg = 10mA —_ 20 40 Q
tBlank FLG Blanking Time Cin = 10pF, CL = 68puF 4 7 15 ms
[Over-Temperature Protection
Tsuon  |Thermal Shutdown Threshold Enabled, Rioap = 1kQ - 140 - °C
Tuys |Thermal Shutdown Hysteresis - = 25 — °C
SO-8 (Note 5) — 110 — CTW
On Thermal Resistance Junction-to- [MSOP-8EP (Note 6) = 60 — | oW
Ambient [soT25 (Note 7) — 157 — JTomw
[U-DFN2018-6 (Note 8) — 70 = CW
Notes: 5. Test condition for SO-8: Device mounted on FR-4, 20z copper, with minimum recommended pad layout.
6. Test condition for MSOP-8EP: Device mounted on 2" x 2" FR-4 substrate PC board, 20z copper, with minimum recommended pad on top layer and
thermal vias to bottom layer ground plane.
7. Test condition for SOT25: Device mounted on FR-4, 20z copper, with minimum recommended pad layout.
8. Test condition for U-DFN2018-6: Device mounted on FR-4 2-layer board, 20z copper, with minimum recommended pad on top layer and 3 vias to bottom
layer 1.0"x1.4" ground plane.
AP2161A/AP2171A 40f 18 March 2015
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Typical Performance Characteristics

| | I
| T ! 1 Toor) | T ! 1 TooFR)
I 5 T I 5 T
b, | | I, | | |
D(ON)| 90% 90% | 1 D(ON)y 90% 90% |
Vour ' | | Vour ' | |
10% 10% 10% 10%

Figure 1 Voltage Waveforms: AP2161A (left), AP2171A (right)

All Enable Plots are for AP2171A Active High

E322375-A6029-CB-1

Turn-On Delay and Rise Time

Turn-Off Delay and Fall Time

—
Ven Ven
5Vidiv 5V/div
CL=14F
Vout Vout | TA=E25G7 ¥
2Vidiv 2Vidiv { RL =100
\
CL = 1yF
TA=4+25C
AL =100
500ps/div 500us/div
Turn-On Delay and Rise Time Turn-Off Delay and Fall Time
Ven Ven
5Vidiv 5V/div
CL = 1004F
Vout Vout TA=425C *
2Vidiv 2Vidiv RL = 100
cL=1004F 7 %
TA=425C
RL=10Q
500ps/div 500ps/div
AP2161A/AP2171A 50f 18 March 2015
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AP2161A/ AP2171A
InconbonArln«.
Typical Performance Characteristics (continued)
Short Circuit Current,
Device Enabled Into Short Inrush Current
Ven Ven
5V/div 5V/div C.=100uF
— — X
VIN=5V
[T TA=+25C
RL=50
VIN=5V
fout TA=425C SATOuE
500mA/div CL = 684F
500us/div " P
1 Q Load Connected to Enabled Device 2Q Load Connected to Enabled Device
VIN=5V VIN =5V
e TA=925C || o TA=+25C
2Vidiv CL = 68uF 2Vidiv Ct=68uF
)
|| Po— \
fout | ' lout |
1A/div 1A/div
2ms/div 2ms/div
Short Circuit with Blanking Time and Recovery Power On
VIN =5V
TA=+25C Viiag
Vout SV/div
—
“
Viiag fout TA=425C
5V/div L CL=684F .,
RL=50
Ven
o —————— Vo / .
1A/div Vin v
 5vidv
20ms/div 1ms/div
AP2161A/AP2171A 60f 18 March 2015
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AP2161

A/ AP2171A

Typical Performance Characteristics (cont)

UVLO Increasing

UVLO Decreasing

TA=+25C
in Vin CL = GByF
2Vidiv 2Vidiv RL=50
TA=+25C
CL = 68uF
RL =50 i
lout lout
500mA/div 500mA/div |
w A
o 7
1ms/div 10ms/div
Turn-On Time vs Input Voltage Turn-Off Time vs Input Voltage
750 30
700 2 N —
650 = \\ CL=1yF
i A = RL=10Q
g 3= Ta=+25C
550 2 a=+2!
> f
e / = o7 g
g - / g 27
5 ~
L CL=1yF E
il RL=100Q =il
30 Ta=s25C — =
250 - - 25
15 2 25 3 as 4 45 5 55 6 15 2 25 3 3s 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
Rise Time vs Input Voltage Fall Time vs Input Voltage
650 2
600
2
550
* - 21
8 %0 3
3
e o E 21
8 w0 3
= CL=14F 20 CL=1yF
i AL =100 RL=10Q
300 TA=425C | b Ta=25C |
250 19
2 25 3 35 4 45 5 55 6 2 25 3 35 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
AP2161A/AP2171A 70f18 March 2015
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Typical Performance Characteristics (cont)
Supply Current, Output Enabled vs Ambient Temperature Supply Current, Output Disabled vs Ambient Temperature
68
< < Vin=5.5V
2 83 308
3 Vin=5.0V B, Vin=3.3V vin=5.0v |
$, . 20
3 Vin=55V / 3 e \ | .
Is E \ +
3 3 Y
g 2o0s
48 3
o S o4 ¥
§ £
(s3] 0 g2
> / > T
§ = e Vi g os
H n=33V  Vin=2.7V 3 T
28 00
50 40 20 0 20 40 60 80 100 50 -40 20 [ 20 40 ) () 100
Ambient Temperature (‘C) Ambient Temperature (C)
Static Drain-Source On-State Resistance vs Ambient Short-Circuit Output Current vs Ambient Temperature
Temperature
ST cL=1004F
170 1
Vin=2.7V 3 Vin=3.3V
g ' Vin-2.7V Vin=5.0V
5 150 218
e N H |
58w e O 1% + =
83 0 % 151 =
3 g Vin=33V S 150
120 =
r £ g
£ E 110
S O 148
O uy S '3
E Vin=5V 8147
% D 146 \
80 148 Vin=5.5V
50 -0 20 0 20 40 80 80 100 60 -0 20 0 20 40 60 80 100
Ambient Temperature (°C) Ambient Temperature (°C)
Undervoltage Lockout vs Ambient Temperature Threshold Trip Current vs Input Voltage
220 1.99
198
210 — = 197
) UVLO Rising S
§ O 194
} 1.90 &
= 193
£ - - TA=+25C
g 180 - 5
§ UVLO Falling 10 CL = 68uF
2% E 1.90
1.89
1.60 188
-0 -0 20 0 20 0 60 80 100 28 33 a8 43 48 53
Ambient Temperature (°C) Input Volitage (V)
AP2161A/AP2171A 8of 18 March 2015
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AP2161A/ AP2171A
Typical Performance Characteristics (cont)
Current Limit Response vs Peak Current
120
« 100
P\
| \
& VIN = 5V |
H \ TA= 425
% w©
3 20 \\
0
0 2 4 6 8 10 12
Peak Current (A)
AP2161A/AP2171A 90f 18 March 2015
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Application Information

Power Supply Considerations

A 0.01-pF to 0.1-pF X7R or X5R ceramic bypass capacitor between IN and GND, close to the device, is recommended. Placing a high-value
electrolytic capacitor on the input (10-pF minimum) and output pin(s) is recommended when the output load is heavy. This precaution reduces
power-supply transients that may cause ringing on the input. Additionally, bypassing the output with a 0.01-pF to 0.1-pF ceramic capacitor improves
the immunity of the device to short-circuit transients.

Over-current and Short Circuit Protection

An internal sensing FET is employed to check for over-current conditions. Unlike current-sense resistors, sense FETs do not increase the series
resistance of the current path. When an over-current condition is detected, the device maintains a constant output current and reduces the output
voltage accordingly. Complete shutdown occurs only if the fault stays long enough to activate thermal limiting.

Three possible overload conditions can occur. In the first condition, the output has been shorted to GND before the device is enabled or before VIN
has been applied. The AP2161A/AP2171A senses the short circuit and immediately clamps output current to a certain safe level namely Iuir.

In the second condition, an output short or an overload occurs while the device is enabled. At the instance the overload occurs, higher current may
flow for a very short period of time before the current limit function can react. After the current limit function has tripped (reached the over-current
trip threshold), the device switches into current limiting mode and the current is clamped at lumiT.

In the third condition, the load has been gradually increased beyond the recommended operating current. The current is permitted to rise until the
current-limit threshold (lyrig) is reached or until the thermal limit of the device is exceeded. The AP2161A/AP2171A is capable of delivering current
up to the current-limit threshold without damaging the device. Once the threshold has been reached, the device switches into its current limiting
mode and is set at lLmiT.

Note that when the output has been shorted to GND at an extremely low temperature (< -30°C), a minimum 120-pF electrolytic capacitor on the
output pin is recommended. A correct capacitor type with capacitor voltage rating and temperature characteristics must be properly chosen so that
capacitance value does not drop too low at the extremely low temperature operation. A recommended capacitor should have temperature
characteristics of less than a 10% variation of capacitance change when operated at extremely low temperatures. Our recommended aluminum
electrolytic capacitor type is Panasonic FC series.

FLG Response

When an over-current or over-temperature shutdown condition is encountered, the FLG open-drain output goes active low after a nominal 7-ms
deglitch timeout. The FLG output remains low until both over-current and over-temperature conditions are removed. Connecting a heavy capacitive
load to the output of the device can cause a momentary over-current condition, which does not trigger the FLG due to the 7-ms deglitch timeout.
The AP2161A/AP2171A is designed to eliminate false over-current reporting without the need of external components to remove unwanted pulses.

Power Dissipation and Junction Temperature
The low on-resistance of the internal MOSFET allows the small surface-mount packages to pass large current. Using the maximum operating
ambient temperature (Ta) and Rps(on), the power dissipation can be calculated by:

Pp = Rps(on)* ?
Finally, calculate the junction temperature:
Ty=PpxResa+Ta

Where:
Ta = Ambient Temperature °C
Reua = Thermal Resistance

Pp = Total Power Dissipation

Thermal Protection

Thermal protection prevents the IC from damage when heavy-overload or short-circuit faults are present for extended periods of time. The
AP2161A/AP2171A implements a thermal sensing to monitor the operating junction temperature of the power distribution switch. Once the die
temperature rises to approximately 145°C due to excessive power dissipation in an over-current or short-circuit condition, the internal thermal
sense circuitry turns the power switch off, thus preventing the power switch from damage. Hysteresis is built into the thermal sense circuit allowing
the device to cool down approximately 25°C before the switch turns back on. The switch continues to cycle in this manner until the load fault or
input power is removed. The FLG open-drain output is asserted when an over-temperature shutdown or over-current occurs with 7-ms deglitch.
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Application Information (continued)

Undervoltage Lockout (UVLO)

The undervoltage lockout function (UVLO) keeps the internal power switch from being turned on until the power supply has reached at least 1.9V,
even if the switch is enabled. Whenever the input voltage falls below approximately 1.9V, the power switch is quickly turned off. This facilitates the
design of hot-insertion systems where it is not possible to turn off the power switch before input power is removed.

Host/Self-Powered And Bus-Powered HUBs

Hosts and self-powered hubs have a local power supply that powers the embedded functions and the downstream ports (see Figure 2). This power
supply must provide from 5.25V to 4.75V to the board side of the downstream connection under full-load and no-load conditions. Hosts and SPHs
are required to have current-limit protection and must report over-current conditions to the USB controller. Typical SPHs are desktop PCs, monitors,
printers, and stand-alone hubs.

Downstream
Power Supply USB Ports
3.3v 5V
—D+
AP2161A —D-
23 6,7
IN ouT 2 3 L 2 Veus
GND
4 ,,J—
;0 uF . %{).w I120uF
USB Control = 4 Et‘G o
GND
1

Figure 2 Typical One-Port USB Host / Self-Powered Hub

Generic Hot-Plug Applications

In many applications it may be necessary to remove modules or pc boards while the main unit is still operating. These are considered hot-plug
applications. Such implementations require the control of current surges seen by the main power supply and the card being inserted. The most
effective way to control these surges is to limit and slowly ramp the current and voltage being applied to the card, similar to the way in which a
power supply normally turns on. Due to the controlled rise times and fall times of the AP2161A/AP2171A, these devices can be used to provide a
softer start-up to devices being hot-plugged into a powered system. The UVLO feature of the AP2161A/AP2171A also ensures that the switch is off
after the card has been removed, and that the switch is off during the next insertion.

By placing the AP2161A/AP2171A between the VCC input and the rest of the circuitry, the input power reaches these devices first after insertion.
The typical rise time of the switch is approximately 1ms, providing a slow voltage ramp at the output of the device. This implementation controls
system surge current and provides a hot-plugging mechanism for any device.

Dual-Purpose Port Applications

AP2161A/AP2171A is suitable for use in dual-purpose port applications in which a single port is used for data communication between the host and
peripheral devices while simultaneously maintaining a charge to the battery of the peripheral device. An example of this is a shared HDMI/MHL
(Mobile High-definition Link) port that allows streaming video between an HDTV or set-top box and a smartphone or tablet while maintaining a
charge to the smartphone or tablet battery. In such dual-purpose port applications, it is important to insure Vin of the AP2161A/AP2171A is ramped
to its operating voltage prior to enabling the output.
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Ordering Information

AP21X1A XX -X
d| I
| ]

Enable Channel Package Packing
6 : Active Low 1:1 Channel W:S0T25 7 :7" Tape & Reel
7 : Active High $:808 13: 13" Tape & Reel
MP : MSOP8-EP
FM : U-DFN2018-6
S 7"/113” Tape and Reel
PartNamber Fackage Code v e Quantity Part Number Suffix
& AP21X1AW-7 w SOT25 3,000/Tape & Reel -7
& AP21X1AS-13 S SO-8 2,500/Tape & Reel -13
& | AP21X1AMP-13 MP MSOP-8EP 2,500/Tape & Reel -13
(1 AP21X1AFM-7 FM U-DFN2018-6 3,000/Tape & Reel -7
Marking Information
(1) so-8
(Top view)
[ [7 [e] 5]
Logo «—— 1|
Part Number «—— AP21X 1 A YY: Year: 08, 09,10~
6 : Active Low ¢———— -7 WW : Week : 01~52; 52
7 Active High YY WW XX represents 52 and 53 week
° X : Internal Code
1 2 B
(2) MSOP-8EP
(Top view)
[¢] [7] 6] [s]
Logo «—— )| | YWXE}— Msop-8EP
Y :Year: 0~9
Part Number «——— W : Week : A~Z : 1~26 week;
. . AP21:|'X1A a~z : 27~52 week; z represents
6 : Active Low +— 52 and 53 week
7 : Active High d X : Internal Code
[ 2] T3] [df
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Marking Information (continued)
(3) SOT25
(Top View)
[5] [4]
XX : ldentification code
Y :Year0~9
XXY WX W : Week : A~Z : 1~26 week;
a~z : 27~52 week; z represents
52 and 53 week
O] 2] [8] X:A~Z:Green
Device Package type Identification Code
AP2161AW SOT25 vV
AP2171AW SOT25 VW
(4) U-DFN2018-6
(Top View)
XX : Identification Code
XX Y : Year: 0~9
YWX W : Week : A~Z : 1~26 week;
. a~z : 27~52 week; z represents
52 and 53 week
X :A~Z: Green
Device Pack type Identification Code
AP2161AFM U-DFN2018-6 Vv
AP2171AFM U-DFN2018-6 W
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Package Outline Dimensions (Al dimensions in mm.)
Please see AP02002 at http:/www.diodes.com/datasheets/ap02002.pdf for latest version.
(1) Package Type: SO-8
< SO-8
E1 E 8 Dim | Min | Max
A ——=1 Gauge Plane A - 1.75
o L Seating Plane Al 0.10 0.20
- A2 1.30 1.50
Detail ‘A" A3 0.15 0.25
H H H H 4 b 0.3 0.5
" — D | 48 | 495
TENAS T E 590 | 6.10
M Asz U ¢ - E1 | 385 | 3.95
:I 1 L | e 1.27 Typ
T 3 | ::U —0 h - 0.35
e D*l—* L | 062 | 082
(] 0° 8°

All Dimensions in mm

(2) Package Type: MSOP-8EP

. D
MSOP-8EP

ﬂ m m m" — Dim [ Min [ Max [ Typ

‘ H H“_I H o A - [110] -
L - [T, \ A1 | 0.05 | 0.15 | 0.10
% T \ A2 |0.75 | 0.95 [ 0.86
H—F+ —+F|E E2 | A3 [ 0.29 [ 0.49 [ 0.39
{ % b | 022038 0.30
7l B c [008][0.23]0.15
= D [ 290 3.10 | 3.00
M |_J u_l f U l_l U U D1 _| 1.60 | 2.00 [ 1.80
1 g 8Xb E [4.70 | 5.10 | 4.90
- E3 _ 2.90 [ 3.10 | 3.00
—A1 s 7\ " 2 [1.30 [ 1.70 | 1.50

I — ) 2.85 | 3.05 [ 2.

A A2 J‘r—j—*—r‘lL_‘/; e = —_|o.
) L Y b
See Detail C X - - 10.750
y —_0.750

All Dif in mm
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Package Outline Dimensions (continued) (All dimensions in mm.)
Please see AP02002 at http://www.diodes.com/datasheets/ap02002.pdf for latest version.
(3) Package Type: SOT25
SOT25
Dim | Min | Max | Typ |
A | 0.35/0.50[0.38
B 1.50 | 1.70 | 1.60
C [2.70 [3.00]2.80
D — — 10.95
H | 2.90 [3.10[3.00
J 10.013/0.10[0.05
K 1.00 | 1.30]1.10
L | 0.35 |0.550.40
M | 0.10 |0.20 [0.15
N | 0.70 |0.80]0.75
o 0° | 8° | —
All inmm
(4) Package Type: U-DFN2018-6
T A3
A
U-DFN2018-6
SEATING PLANE Dim | Min | Max [ Typ
Al A ]0.545]|0.605|0.575
1 _ Al 0 ]0.05]0.02
Pin#1 1D D A3 — — 1013
je——D2 —>| v b [0.15]0.25]0.20
P l:I D _|[1.750|1.875] 1.80
"T'l l"" T D2 |1.30)1.50 | 1.40
\/ e | — ] —Jos0
P E_[1.95]2.075] 2.00
E E2 E2 [0.90[1.10[1.00
l’ L ]0.20[0.30 | 0.25
| z — | — [0.30
|+| | ‘r:ﬂl o All Dimensions in mm
LI -
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Suggested Pad Layout
Please see AP02001 at http:/www.diodes.com/datasheets/ap02001.pdf for the latest version.
(1) Package Type: SO-8
X
> e
B
Dit i Value (in mm)
X
+ c1 Y 1.55
C1 5.4
c2 C2 1.27
vl
(2) Package Type: MSOP-8EP
X . C
Y
‘G | m Dimensions (i‘:la:;)
| C 0.650
| G 0.450
Y2 Y1 X 0.450
X1 X1 2.000
] Y 1.350
Y1 1.700
U m m U V2 5.300
(3) Package Type: SOT25
fecefe ca-
—
+ + +
Dil i Value (in mm)
T z 3.20
G C1 G 1.60
_i_ X 0.55
Y 0.80
v G 240
A4 C2 0.95
[
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Suggested Pad Layout (continued)
Please see AP02001 at http://www.diodes.com/datasheets/ap02001.pdf for the latest version.

(4) Package Type: U-DFN2018-6
X Cc

10 0 0 i

i B (] T LR

[J 00 O]

X1

Value (in mm)
0.50
0.20
0.25
1.60
0.35
1.20

=[=<|%|x|o|o

-

Taping Orientation (Note 9)

For U-DFN2018-6

Top cover
tape thickness

Notes: 9. The taping orientation of the other package type can be found on our website at http//www.diodes. ap02007.pdf.
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and d inative format rel d by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or sy are which:

or

1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devi or sy notwithstanding any devices- or systems-related
information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2015, Diodes Incorporated

www.diodes.com
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teeemroemaT e 1A SINGLE CHANNEL CURRENT-LIMITED POWER SWITCH

Description Pin Assignments
The AP2161 and AP2171 are integrated high-side power switches
optimized for Universal Serial Bus (USB) and other hot-swap {{Top View)
applications. The family of devices complies with USB 2.0 and is GND E L El NC
available with both polarities of Enable input. They offer current and
thermal limiting and short-circuit protection as well as controlled rise IN E Zl out
time and undervoltage lockout functionality. A 7ms deglitch capabili
on the open-drain glag output preventsmflalse uver:t?rrent rezonir:; I [Z EI our
and does not require any external components. EN E El FLG
All devices are available in SO-8, MSOP-8EP, SOT25, and 80:8
U-DFN2018-6 packages (Top View)

eND C®, . [FENC
Features IN 2] 71 out
«  Single USB Port Power Switches IN 5] 53 out
e Overcurrent and Thermal Protection EN =3 FLG
e 1.5A Accurate Current Limiting MSOP-8EP
*  Reverse Current Blocking
e 95mQ On-Resistance ( Top View)
* Input Voltage Range: 2.7V - 5.5V
e  0.6ms Typical Rise Time ouT DI s W
e Very Low Shutdown Current: 1pA (max)
e Fault Report (FLG) with Blanking Time (7ms typ) ano[2]
. ESD Protection: 4kV HBM, 300V MM
o Active Low (AP2161) or Active High (AP2171) Enable As[T5] Al | &
*  Ambient Temperature Range: -40°C to +85°C
«  SOT25, SO-8, MSOP-8EP (Exposed Pad), and U-DFN2018-6: SOT25

Available in “Green” Molding Compound (No Br, Sb)
«  Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2) ( Top View)
«  Halogen and Antimony Free. “Green Device (Note 3) ouT
e UL Recognized, File Number E322375
. IEC60950-1 CB Scheme Certified ouT
FLG

Applications

e Consumer Electronics — LCD TVs & Monitors, Game Machines

e  Communications — Set-Top-Boxes, GPS, Smartphones

e  Computing — Laptops, Desktops, Servers, Printers, Docking
Station, HUB

U-DFN2018-6

Notes: 1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS) & 2011/65/EU (RoHS 2) compliant.
2. See http://www.diodes.com/quality/lead_free.html for more information about Diodes Incorporated’s definitions of Halogen- and Antimony-free, "Green"
and Lead-free.
3. Halogen- and Antimony-free "Green"” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + CI) and
<1000ppm antimony compounds.
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Typical Applications Circuit

AP2171 Enable Active High

Power Supply IN OUT] n
oS g W __I___I__-
>
310k ?mF THUF I°'1”F T120uF
FLG
EN  GND
ON
o 1
Available Options
Current Limit R M Ci
Part Number Channel Enable Pin (EN) (typ) Load Current
AP2161 1 Active Low 1.5A 1.0A
AP2171 1 Active High 1.5A 1.0A
Pin Descriptions
Pin Pin Number Functio
ul n
Name SO-8 MSOP-8EP | SOT25 | U-DFN2018-6
GND 1 1 2 1 Ground
IN 2,3 2,3 5 2 Voltage input pin (all IN pins must be tied together externally)
EN 4 4 4 3 Enable input, active low (AP2161) or active high (AP2171)
Overcurrent and over-temperature fault report; open-drain flag is active low when
FLG 5 5 3 4 A
triggered
ouT 6,7 6,7 1 56 \Voltage output pin (all OUT pins must be tied together externally)
NC 8 8 N/A N/A No internal connection; recommend tie to OUT pins
Exposed pad.
Exposed tab - Exposed tab - Exposed tab |It should be connected to GND and thermal mass for enhanced thermal
impedance. It should not be used as electrical ground conduction path.
AP2161/ AP2171 20f18 August 2015
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Functional Block Diagram

AP2161, AP2171

out

FLG

3

GND
Absolute Maximum Ratings (@7 = +25°C, unless otherwise specified.)
Symbol Parameter Ratings Units
ESD HBM Human Body Model ESD Protection 4 kV
Machine Model ESD Protection 400 v
ESD M for MSOP-8EP, SOT25 packages
Machine Model ESD Protection 300 v
for U-DFN2018-6, SO-8 packages
Vin Input Voltage 6.5 A\
Vout Output Voltage Vin +0.3 v
VEN ., VFLG Enable Voltage 6.5 \%
ILoaD Maximum Continuous Load Current Internal Limited A
Timax) Maximum Junction Temperature +150 °C
Tst Storage Temperature Range (Note 4) -65 to +150 °C
Caution:  Stresses greater than the * Ratings' above may cause permanent damage to the device. These are stress ratings only;

functional operation of the device at these or any other

affected by

those i

in this

to absolute

rating for periods of time.

is not implied. Device reliability may be

Semiconductor devices are ESD sensitive and may be damaged by exposure to ESD events. Suitable ESD precautions should be taken when handling
and transporting these devices

Note:

4. UL Recognized Rating from -30°C to +70°C (Diodes qualified TsT from -65°C to +150°C).

Recommended Operating Conditions (@7, = +25°C, unless otherwise specified.)

Symbol P Min Max Units
Vin Input Voltage 27 5.5 \
lout Output Current 0 1.0 A
Ta Operating Ambient Temperature -40 +85 °C
ViH High-Level Input Voltage on EN or EN 20 ViN \Y
ViL Low-Level Input Voltage on EN or EN 0 0.8 \
AP2161/ AP2171 30f18 August 2015
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Electrical Characteristics @ta= +25°C, vin = +5V, unless otherwise specified.)

Symbol Parameter Test Conditions Min Typ Max Unit
Vyvio [Input UVLO Rioap = 1kQ 16 1.9 25 \"
Isupn  |Input Shutdown Current Disabled, lour=0 - 0.5 1 uA

la Input Quiescent Current Enabled, lout =0 - 45 70 pA
ILeak  |Input Leakage Current Disabled, OUT grounded - - 1 PA
IREV Reverse Leakage Current Disabled, Vin= 0V, Vourt = 5V, Irev at Vin - 1 & BA
Vi = 5V, T a = +25°C [SOT25, MSOP-8EP, SO-8 - 95 115
e 1A lU-DFN201 8-6 - 90 110
Ros(on) |Switch on-resistance -40°C < Ta< +85°C - - 140 mQ
Vin = 3.3V, Ta=+25°C - 120 140
lout=1A -40°C < Ta< +85°C - - 170
Istiort | Short-Circuit Current Limit Enabled into short circuit, CL = 68uF - 12 - A
lumr  |Over-Load Current Limit Vin= 5V, Vour = 4.6V, C_ = 68pF, -40°C < Tas +85°C 1.1 1.5 1.9 A
ITrig Current limiting trigger threshold Output Current Slew rate (<100A/s) , C =68uF - 20 - A
Isink EN Input leakage VeEn= 5V - - 1 PA
toon)  [Output tumn-on delay time CL= 1pF, Rioap= 10Q - 0.05 - ms
trR Output turn-on rise time CL= 1pF, Rioap = 10Q - 06 15 ms
toorr)  |Output tum-off delay time CL= 1pF, Rioap = 10Q - 0.01 - ms
te Output tum-off fall time CL= 1yF, Rioap = 10Q - 0.05 0.1 ms
RFLe FLG output FET on-resistance IrLe = 10mA - 20 40 Q
tBlank FLG blanking time Cin= 10pF, C = 68pF 4 7 15 ms
Tswon | Thermal Shutdown Threshold Enabled, RLoap = 1kQ - 140 - (3
THys Thermal Shutdown Hysteresis - - 25 - °C
SO-8 (Note 5) - 110 - °‘CW
g,s |Thermal Resistance Junction-to- MSOP-8EP (Note 6) - 60 2 ‘cw
Ambient SOT25 (Note 7) - 157 - °CW
U-DFN2018-6 (Note 8) - 70 - °‘CW
Notes: 5. Test condition for SO-8: Device mounted on FR-4, 20z copper, with minimum recommended pad layout.
6. Test condition for MSOP-8EP: Device mounted on 2" x 2" FR-4 substrate PC board, 20z copper, with minimum recommended pad on top layer and
thermal vias to bottom layer ground plane.
7. Test condition for SOT25: Device mounted on FR-4, 20z copper, with minimum recommended pad layout.
8. Test condition for U-DFN2018-6: Device mounted on FR-4 2-layer board, 20z copper, with minimum recommended pad on top layer and 3 vias to bottom
layer 1.0" x 1.4" ground plane.
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Typical Performance Characteristics

| T | T
I ITR! Do) I 1TR! 1! D(OFP)
| [ ™ T | [ ™ T
Hoon! il Hoon! |
o 90% 90% | <2 90% 90% |
Vour ' | | Vour l | |
10% 10% 10% 10%
Figure 1 Voltage Waveforms: AP2161 (left), AP2171 (right)
All Enable Plots are for AP2171 Active High
Turn-On Delay and Rise Time Turn-Off Delay and Fall Time
—_—
Ven Ven
SVidiv SVidiv
CL=1yF
Vout | TA=+25°C ¢
2Vidiv 2Vidiv { RL=10Q
S
CL=1pF
TA=426C
RL=100
500ps/div 500ps/div
Turn-On Delay and Rise Time Turn-Off Delay and Fall Time
Ven Ven
5Vidiv SVidiv
CL = 100pF
Vout * | vout Ta=+25C
2Vidiv 2Vidiv RL=100
cL=100pF 7 v
TA=+25C
RL=100
500ps/div 500ps/div
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Typical Performance Characteristics (continued)

Short Circuit Current,
Device Enabled Into Short Inrush Current
Ven Ven
5Vidiv SVidiv C,=100pF
— — .

/ VIN =5V
/ Ta=+25C
RL =50
/ Tout
ViN =5V 200mAVdiv
fout Ta=+25°C ka il
500mA/di
w CLosE Ci=220pF '~’
500ps/div ) 1ms/div
1 Q Load Connected to Enabled Device 2Q Load Connected to Enabled Device
VIN=5V VIN=5V
Vhag TA=+25°C i Vag TA=+25°C
2Vidiv CL = 68pF 2Vidiv Ci=68uF
)
| A -
out | ' lout |
1A/div 1A/div
2ms/div 2ms/div
Short Circuit with Blanking Time and Recovery Power On
VIN =5V
TA=425°C Viag
Vout SVidiv
e e
o
Vhag fout TA=+25C
5Vidiv 500mA/di N
RL=5Q
Sy /
i SR [ S me— [y 5Vidiv %
1A/div Vin »
" SVidiv
20ms/div 1ms/div
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Typical Performance Characteristics (cont)
UVLO Increasing UVLO Decreasing
TA=+25°C
Vi CL = 68pF
2Vidiv RL=50
TA=+257C
CL=68yF
RL=50 "
lout lout |
500mA/div 500mA/div
o L 8
1ms/div 10ms/div
Turn-On Time vs Input Voltage Tum-Off Time vs Input Voltage
750 30 ‘ |
700 20 —
650 - S~ CL = 1pF
7 600 1 N RL =100
% 550 ] £ Ta=4+25"C
= £
I 27 ~<
g i, N
P 40 CL=1yF # ]
960 RL=100 | Sl
300 Ta=+25C — =
250 b b 2
15 2 25 3 35 4 45 5 55 6 15 2 25 3 35 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
Rise Time vs Input Voltage Fall Time vs Input Voltage
650 2
600
2
550 /
B / H ) /
g 450 / g 2
F / E
£ w0 - F
[ / CL=1pF 20 CL=1pF —
350 RL =100 — RL =100
S TA = +25°C _ 2 Ta=+25°C
250 19
2 25 3 35 4 45 5 55 6 2 25 3 s 4 45 5 55 8
Input Voltage (V) Input Voltage (V)
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Typical Performance Characteristics (cont)

Supply Current, Output Enabled vs Ambient Temperature Supply Current, Output Disabled vs Ambient Temperature
]
g 3‘ - Vin=5.5V
EX) = e =
3 Vin=50V 3 Vin=33V_ yvin=5.0v |
D s g 07 l
4 Vin=5.5V 2 \ |
I} a 06 \ 1
i = : :
05
- N\ 3
2 \// / g L] N
io — ||}
£ 03
g —~F g
O Q 02 4
2 / / > I
3 Vin=33V  Vin=2.7V Ea
L i ) CJ Vin=2.7V
28 00
60 40 20 0 20 40 60 80 100 60 40 20 0 20 40 60 80 100
Ambient Temperature (°C) Ambient Temperature (°C)
Static Drain-Source On-State Resistance vs Ambient Short-Circuit Output Current vs Ambient Temperature
Temperature
1% 7 cL=100pF
170 155
Vin=2.7V z Vin=33V
g @ N — g Vin=27V Vin=5 0V
3 . § 1.53 I
g g 140 — O 182 +
8 E 130 // é 151 /
2 H Vin=33V S 150
£8 ™ R
€8 10 £
Sa Q 148
g ™ Vin=5V § 147 74/4.
[ 2 @ 14
Vin=5.5V
20 145
60 40 20 0 20 40 60 80 100 60 40 20 0 20 40 60 80 100
Ambient Temperature (°C) Ambient Temperature (°C)
Undervoltage Lockout vs Ambient Temperature Threshold Trip Current vs Input Voltage
220 199
198
210 - 197
s UVLO Rising <
5 e 196
g
.§ 2% g1
S O 4o /
g g 193 — |
§ i TA=+25°C
; 1.80 £ _
E] UVLO Falling 8 101 CL = 68yF 1
2
2 E 120 /
189
160 188
60 40 20 0 2 40 60 80 100 28 33 38 43 48 53
Ambient Temperature (°C) Input Voltage (V)
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Typical Performance Characteristics (cont)

Current Limit Response vs Peak Current

Current Limit Response (us)
28
2
z
u
)
<

Peak Current (A)
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Application Information

Power Supply Considerations

A 0.01-pF to 0.1-pF X7R or X5R ceramic bypass capacitor between IN and GND, close to the device, is recommended. Placing a high-value
electrolytic capacitor on the input (10-pF minimum) and output pin(s) is recommended when the output load is heavy. This precaution reduces
power-supply transients that may cause ringing on the input. Additionally, bypassing the output with a 0.01-pF to 0.1-pF ceramic capacitor improves
the immunity of the device to short-circuit transients.

Overcurrent and Short Circuit Protection

An internal sensing FET is employed to check for overcurrent conditions. Unlike current-sense resistors, sense FETs do not increase the series
resistance of the current path. When an overcurrent condition is detected, the device maintains a constant output current and reduces the output
voltage accordingly. Complete shutdown occurs only if the fault stays long enough to activate thermal limiting.

Three possible overload conditions can occur. In the first condition, the output has been shorted to GND before the device is enabled or before Vin
has been applied. The AP2161/AP2171 senses the short circuit and immediately clamps output current to a certain safe level namely IwiT.

In the second condition, an output short or an overload occurs while the device is enabled. At the instance the overload occurs, higher current may
flow for a very short period of time before the current limit function can react. After the current limit function has tripped (reached the overcurrent trip
threshold), the device switches into current limiting mode and the current is clamped at Iumir.

In the third condition, the load has been gradually increased beyond the recommended operating current. The current is permitted to rise until the
current-limit threshold (Itrig) is reached or until the thermal limit of the device is exceeded. The AP2161/AP2171 is capable of delivering current up
to the current-limit threshold without damaging the device. Once the threshold has been reached, the device switches into its current limiting mode
and is set at lumit.

Note that when the output has been shorted to GND at an extremely low temperature (< -30°C), a minimum 120-pF electrolytic capacitor on the
output pin is recommended. A correct capacitor type with capacitor voltage rating and temperature ct istics must be properly chosen so that
capacitance value does not drop too low at the extremely low temperature operation. A recc ded ¢ should have temperature

characteristics of less than 10% variation of capacitance change when operated at extremely low temp. Our recommended aluminum electrolytic
capacitor type is Panasonic FC series.

FLG Response

When an overcurrent or over-temperature shutdown condition is encountered, the FLG open-drain output goes active low after a nominal 7-ms
deglitch timeout. The FLG output remains low until both overcurrent and over-temperature conditions are removed. Connecting a heavy capacitive
load to the output of the device can cause a momentary overcurrent condition, which does not trigger the FLG due to the 7-ms deglitch timeout.
The AP2161/AP2171 is designed to eliminate false overcurrent reporting without the need of external components to remove unwanted pulses.

Power Dissipation and J ion Temperature
The low on-resistance of the internal MOSFET allows the small surface-mount packages to pass large current. Using the maximum operating
ambient temperature (Ta) and Ros(on), the power dissipation can be calculated by:

Po = Roson* I

Finally, calculate the junction temperature:
Ty=PpxRgia+Ta

Where:
Ta = Ambient temperature °C
Rgua = Thermal resistance

Pp = Total power dissipation

Thermal Protection

Thermal protection prevents the IC from damage when heavy-overload or short-circuit faults are present for extended periods of time. The

AP2161/AP2171 implements a thermal sensing to monitor the operating junction temperature of the power distribution switch. Once the die
re rises to approxi +145°C due to excessive power dissipation in an overcurrent or short-circuit condition, the internal thermal

sense circuitry turns the power switch off, thus preventing the power switch from damage. Hysteresis is built into the thermal sense circuit allowing

the device to cool down approximately +25°C before the switch tums back on. The switch continues to cycle in this manner until the load fault or

input power is removed. The FLG open-drain output is asserted when an over-temperature shutdown or overcurrent occurs with 7-ms deglitch.
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Application Information (continued)

Undervoltage Lockout (UVLO)

Undervoltage lockout function (UVLO) keeps the internal power switch from being turned on until the power supply has reached at least 1.9V, even
if the switch is enabled. Whenever the input voltage falls below approximately 1.9V, the power switch is quickly turned off. This facilitates the design
of hot-insertion systems where it is not possible to turn off the power switch before input power is removed.

Host/Self-Powered And Bus-Powered HUBs

Hosts and self-powered hubs have a local power supply that powers the embedded functions and the downstream ports (see Figure 2). This power
supply must provide from 5.25V to 4.75V to the board side of the downstream connection under full-load and no-load conditions. Hosts and SPHs
are required to have current-limit protection and must report over-current conditions to the USB controller. Typical SPHs are desktop PCs, monitors,
printers, and stand-alone hubs.

Downstream
Power Supply USB Ports
3.3v 5V
—1{ D
AP2161 —1D
23 6,7
IN out Vaus
GND
AuF |
¥0 ul . %.1U%ZOUF
USB Control - 4 S;‘G -
GND
1

Figure 2 Typical One-Port USB Host / Self-Powered Hub

Generic Hot-Plug Applications

In many applications it may be necessary to remove modules or pc boards while the main unit is still operating. These are considered hot-plug
ions. Such imp ions require the control of current surges seen by the main power supply and the card being inserted. The most

effective way to control these surges is to limit and slowly ramp the current and voltage being applied to the card, similar to the way in which a

power supply normally turns on. Due to the controlled rise and fall times of the AP2161/AP2171, these devices can be used to provide a softer

start-up to devices being hot-plugged into a powered system. The UVLO feature of the AP2161/AP2171 also ensures that the switch is off after the

card has been removed, and that the switch is off during the next insertion.

By placing the AP2161/AP2171 between the Vcc input and the rest of the circuitry, the input power reaches these devices first after insertion. The
typical rise time of the switch is approximately 1ms, providing a slow voltage ramp at the output of the device. This implementation controls system
surge current and provides a hot-plugging mechanism for any device.

Dual-Purpose Port Applications

AP2161/AP2171 is not recommended for use in dual-purpose port applications in which a single port is used for data communication between the
host and peripheral devices while simultaneously maintaining a charge to the battery of the peripheral device. An example of such a non-
recommended application is a shared HDMI/MHL (Mobile High-definition Link) port that allows streaming video between an HDTV or set-top box
and a smartphone or tablet while maintaining a charge to the smartphone or tablet battery. If a voltage is maintained across the output of the
AP2161/AP2171 when the output is disabled and the Vi of the device is subsequently ramped up, an overstress condition to the AP2161/AP2171
may result.
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Ordering Information

AP21X1 XX G -X
7T T

I Em!ble ] I Chalnnel ] I Package l I Gr;en I [ Packing l
6:ActiveLow 1:1Channel W: SOT25 G:Green 7:7" Tape & Reel
7 : Active High $:80-8 13:13" Tape & Reel
MP : MSOP-8EP
FM : U-DFN2018-6
7"/13"” Tape and Reel
Part Number Package Code P; Quantity pe Pt NuAbor S
& | AP21X1WG-7 w SOT25 3,000/Tape & Reel -7
& | AP21X1SG-13 S SO-8 2,500/Tape & Reel -13
& | AP21X1MPG-13 MP MSOP-8EP 2,500/Tape & Reel -13
| AP21X1FMG-7 FM U-DFN2018-6 3,000/Tape & Reel -7

Marking Information

(1) so-8
( Top view)

[l [ [6 [3]

. nm:{’f“ 21— 1 »4:1Chamel
al er «—— AP21 Xr———PG:Green
Ggmmmwﬁfmxx YY : Year: 08, 09,10~
7: Active High VWW : Week : 01~52; 52
° represents 52 and 53 week
X : Intemal Code
IREEN
(2) MSOP-8EP
( Top view )
6] [7] [e] [5]
" —T1—> A~Z: Green
Logo «—— )| | YW X Ef— MSOP-8EP
Y :Year:0~9
Part Number «——— AP21X X W: W§7ek5:2A-Z :k1-26 week; -
. TT a~z : 27~52 week; z represen
6 : Active Low +— 52 and 53 week
7: Active High o — 1:1 Channel
IRENERY
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Marking Information (cont)

(3) SOT25
( Top View)
[5] [4]
XX : Identification code
Y : Year 0~9
XXY WX W : Week : A~Z : 1~26 week;
a~z : 27~52 week; z represents
52 and 53 week
[2] [3] X:A~Z:Green
Device Package type Identification Code
AP2161W SOT25 HT
AP2171W SOT25 HU
(4) U-DFN2018-6
(Top View)
XX : Identification Code
XX Y : Year: 0~9
YWX W : Week : A~Z : 1~26 week;
. a~z : 27~52 week; z represents
52 and 53 week
X :A~Z : Green
Device P ge type Identification Code
AP2161FM U-DFN2018-6 HT
AP2171FM U-DFN2018-6 HU
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Package Outline Dimensions (Al dimensions in mm.)
Please see AP02002 at http://www.diodes.com/datasheets/ap02002.pdf for the latest version.

(1) Package Type: SO-8

l g 3 S08
1 Gauge Plane Dim Min Max
o Seating Plane A ™ 1.75
A1 0.10 0.20
A2 1.30 1.50
HHHE A3 | 015 | 025
h 79 b 0.3 0.5
i — 45 T D | 485 | 495
' ' A5 ;‘\ T Detail ‘A E 5.90 6.10
' : ;A T . ] E1 3.85 3.95
o= h - 0.35
l D L | 062 | 082
0 0° 8°
All Dimensions in mm

(2) Package Type: MSOP-8EP

MSOP-8EP

Dim | Min | Max | Typ

A - 1.10 -
A1 | 0.05[0.15 | 0.10
@l A2 [0.750.95 | 0.86
i ,__,.J ( A3 [0.29 | 049 [0.39
Gauge Plane 1 \ \ b [022]038]0.30
Seating Plane c 0.08 | 0.23 | 0.15
D [2.90]3.10 |3.00
D1 | 1.60 | 2.00 | 1.80
E [ 4.70 .10 | 4.90
2.90 | 3.10 | 3.00
/r \\\ 1.30 .70 | 1.50
\] J——c 2.85)3.05 | 2.95
e - - 1065
7/ i L [0.40] 0.80 | 0.60

T | a 0° 8° 4°
See Detail C x - - 10.750
y - - 10.750

All Di in mm
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Package Outline Dimensions (Al dimensions in mm.)
Please see AP02002 at http://www.diodes.com/datasheets/ap02002.pdf for latest version.

(3) Package Type: SOT25

SOT25
Dim | Min | Max | Typ
A [0.35 [0.500.38
B 1.50 {1.70 [ 1.60
C | 2.70 |3.00]2.80
D S — [0.95
H | 290 |3.10(3.00
J [0.013/0.10)0.05
K | 1.00 [1.30[1.10
L |0.35 |0.55]0.40
M | 010 |0.200.15
N | 0.70 [0.80[0.75
3 0° 8 | —
All D in mm

(4) Package Type: U-DFN2018-6

I A3
A
U-DFN2018-6
SEATING PLANE SR
A1 A_[0.545]0.605[0.575
. A1 | 0 [005]0.02
ol = A3 — |- [013
o2 — |, b_0.15]025]020
T T D _[1.750[1.875] 1.80
[H g D2 [ 1.30 [ 1.50 | 1.40
S e — | — 10.50
N E_[1.95 [2.075] 2.00
£ : E2 E2 [0.90] 1.0 1.00
! L [0.20]030]025
z | — | — [030
[ fﬂz - AllD in mm
i
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Suggested Pad Layout

Please see AP02001 at http://www.diodes.com/datasheets/ap02001.pdf for the latest version.

E B 0 E)T e e

(1) Package Type: SO-8

X
Y 1.55
Cc1 54
C2 1.27
(2) Package Type: MSOP-8EP
ke _.’,Q_,
1Y
|G Value
Y | Dimensions (in mm)
C 0.650
‘ | G 0.450
Y2 : vt X 0.450
X1 X1 2.000
— 1 Y 1.350
Y1 1.700
[H I:| ﬂ |:| Y2 5300
(3) Package Type: SOT25
kcz+cz+|
T Di i Value (in mm)
z 3.20
G 1.60
X 0.55
l B —
c1 2.40
C2 0.95
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Suggested Pad Layout (continued)
Please see AP02001 at http://www.diodes.com/datasheets/ap02001.pdf for the latest version.

(4) Package Type: U-DFN2018-6
X C

4t 07 0 _

VA1 hsssssesssmpammriinammyasaimand L

Value (in mm)
0.50
0.20
0.25
1.60
0.35
1.20

=[=<|X%|x|o|o

-
=
& e

Hy

X1

Taping Orientation (Note 9)

For U-DFN2018-6

Top cover
tape thickness
& 0.10mm Max.

Note: 9. The taping orientation of the other package type can be found on our website at http:/www.diodes.com/datasheets/ap02007.pdf.
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and inative format by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2015, Diodes Incorporated

www.diodes.com
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1.5A SINGLE CHANNEL CURRENT-LIMITED POWER SWITCH

Description Pin Assignments
The AP2181 and AP2191 are integrated high-side power switches )
optimized for Universal Serial Bus (USB) and other hot-swap {Ton View)
applications. The family of devices complies with USB 2.0 and is GND [I = z] NC
available with both polarities of Enable input. They offer current and
thermal limiting and short circuit protection as well as controlled rise IN E ZI out
time and under-voltage lockout functionality. A 7ms deglitch capability
on the open-drain Flag output prevents false over-current reporting N E El our
and does not require any external components. EN E El FLG
All devices are available in SO-8, MSOP-8EP, SOT25 and so-8
U-DFN2018-6 packages. (Top View)
op View

GND ] (B NC
Features IN O 73 out
*  Single USB Port Power Switches IN =T 61 ouT
e Over-Current and Thermal Protection EN [T 5] FLG
e 2.1A Accurate Current Limiting MSOP-8EP
*  Reverse Current Blocking
*  95mQ On-Resistance ( Top View)
* Input Voltage Range: 2.7V - 5.5V
*  0.6ms Typical Rise Time
. Very Low Shutdown Current: 1pA (max) OUTEE g L
e Fault Report (FLG) with Blanking Time (7ms typ) GNDDZ
e  ESD Protection: 4kV HBM, 300V MM
«  Active Low (AP2181) or Active High (AP2191) Enable re[T3] I en
e  Ambient Temperature Range: -40°C to +85°C
e  SOT25, SO-8, MSOP-8EP (Exposed Pad), and U-DFN2018-6: SOT25

Available in “Green” Molding Compound (No Br, Sb)

*  Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2) (Top View )
* Halogen and Antimony Free. “Green” Device (Note 3)
¢ UL Recognized, File Number E322375 GND [ & out
* |EC60950-1 CB Scheme Certified N[ ] out

EN B:......... O FLG
U-DFN2018-6

Applications

e  Consumer Electronics — LCD TVs & Monitors, Game Machines

. Communications — Set-Top-Boxes, GPS Systems,
Smartphones

*  Computing — Laptops, Desktops, Servers, Printers, Docking
Stations, HUBs

Notes: 1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS) & 2011/65/EU (RoHS 2) compliant.
2. See http://www.diodes.com/quality/lead_free.html for more information about Diodes Incorporated’s definitions of Halogen- and Antimony-free, "Green"
and Lead-free.
3. Halogen- and Antimony-free "Green" products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + Cl) and
<1000ppm antimony compounds.

AP2181/ AP2191 10f 17 March 2015
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Typical Applications Circuit
AP2191 Enable Active High
Power Supply IN OuT} 9 Load
Tveem T L 1L I 1L
>
S0k ﬁMIO-NF T’"“F Tmus
FLG
EN  GND
ON
of L
Available Options
. Current Limit Ri ded M Conti
Part Number Channel Enable Pin (EN) typ) Load Current
AP2181 1 Active Low 21A 1.5A
AP2191 1 Active High 2.1A 1.5A
Pin Descriptions
Pin £ Nmber Function
Name SO-8 | MSOP-8EP | SOT25 | U-DFN2018-6
GND 1 1 2 1 Ground
IN 2,3 2,3 5 2 Voltage input pin (all IN pins must be tied together externally)
EN 4 4 4 3 Enable input, active low (AP2181) or active high (AP2191)
FLG 5 5 3 & Over-current and over-temperature fault report.
Open-drain flag is active low when triggered
ouTt 6,7 6,7 1 56 Voltage output pin (all OUT pins must be tied together externally)
No internal connection.
NG 8 8 NA NA Recommend tie to OUT pins
Exposed pad.
Exposed tab Exposed tab Exposed tab |It should be connected to GND and thermal mass for enhanced thermal
impedance. It should not be used as electrical ground conduction path.
AP2181/ AP2191 20f17
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Functional Block Diagram

AP2181, AP2191
w[] El L &) o

uvLo

Current
Limit

GND
Absolute Maximum Ratings (@Ta = +25°C, unless otherwise specified.)
Symbol Parameter Ratings Units
ESD HBM Human Body Model ESD Protection 4 kV
Machine Model ESD Protection 400 v
E£SD MM for MSOP-8EP, SOT25 Packages
Machine Model ESD Protection 300 v
for U-DFN2018-6, SO-8 Packages
Vin Input Voltage 6.5 Vv
Vour Output Voltage Vin +0.3 Vv
VEN, VFLG Enable Voltage 6.5 Vv
lLoap Maximum Continuous Load Current Internal Limited A
Tamax) Maximum Junction Temperature +150 C
Tst Storage Temperature Range (Note 4) -65 to +150 C
Caution: ~ Stresses greater than the { Ratings' above, may cause permanent damage to the device. These are stress ratings only;
functional operation of the device at these or any other conditions ing those indi ification is not implied. Device reliability may be
affected by exposure to absolute maxi rating itions for periods of time.

Semiconductor devices are ESD sensitive and may be damaged by exposure to ESD events. Suitable ESD precautions should be taken when handling
and transporting these devices

Note: 4. UL Recognized Rating from -30°C to +70°C (Diodes qualified TsT from -65°C to +150°C).

Recommended Operating Conditions (@1 = +25C, unless otherwise specified.)

Symbol Parameter Min Max Units
Vin Input Voltage 2.7 5.5 \
lout Output Current 0 1.5 A
Ta Operating Ambient Temperature -40 +85 °C
Vi High-Level Input Voltage on EN or En 2.0 Vin \
Vi Low-Level Input Voltage on EN or EN 0 0.8 v
AP2181/ AP2191 30f17 March 2015
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IimcoRPORATERD
Electrical Characteristics @714 = +25<C, VIN = +5V, unless otherwise specified.)

Symbol Parameter Test Conditions Min | Typ | Max | Unit
Vuvio |Input UVLO RLoap = 1kQ 16 1.9 255 \
Isvon  [Input Shutdown Current Disabled, lout = 0 — 0.5 1 pA

la Input Quiescent Current Enabled, loyt=0 — 45 70 HA
ILeak  |Input Leakage Current Disabled, OUT grounded — —_ 1 HA
Irev  |Reverse Leakage Current Disabled, Vin =0V, Vour =5V, Irev at Vin = 1 — HA
SOT25, MSOP-8EP, SO-8 — 95 115
X)‘::: 51Y5'A Ta=a2550 }U-DFN201 8-6 — [ 90 [ 110
Ros(on) [Switch On-Resistance -40°C < Ta< +85°C — — 140 mQ
Vin=3.3V, Ta=+25°C — 120 140
lour=1.5A  |-40°C s Tas< +85°C — — 170
IsHort |Short-Circuit Current Limit Enabled into short circuit, CL = 100uF — 2.0 — A
lumir  |Over-Load Current Limit Vin= 5V, Vour = 4.5V, CL= 120pF, -40°C < Ta < +85°C 1.6 21 26 A
Itig  |Current Limiting Trigger Threshold Output Current Slew Rate (<100A/s) , CL = 100uF —_ 2.6 — A
Vi |EN Input Logic Low Voltage Vin = 2.7V t0 5.5V —_ — 0.8 \'
Vi |EN Input Logic High Voltage Vin = 2.7V t0 5.5V 2 —_ — v
Isink  |EN Input Leakage Ven =5V =— — 1 HA
Tpion) |Output Turn-On Delay Time Ci = 1uF, Rioap = 10Q = 0.05 — ms
Tr Output Turn-On Rise Time CL= 1yuF, Rioap = 10Q — 0.6 1.8 ms
ToorF) |Output Turn-Off Delay Time CL = 1yF, Rioan = 10Q — 0.01 — ms
Te Output Turn-Off Fall Time Cp = 1uF, Rioap=10Q = 0.05 0.1 ms
Rrig  |FLG Output FET On-Resistance IFLg = 10mA, Ci = 100pF = 20 40 Q
Teank |FLG Blanking Time Cin= 10puF, CL = 100uF B 7 15 ms
Tsuwon |Thermal Shutdown Threshold Enabled, RLoap = 1kQ —_ +140 - °C
THys |Thermal Shutdown Hysteresis — = +25 = C
SO-8 (Note 5) = 110 — | cw
Oon Thermal Resistance Junction-to- MSOP-8EP (Note 6) — 60 — | cw
Ambient SOT25 (Note 7) — 157 — CW
U-DFN2018-6 (Note 8) — 70 — CW

Notes: 5. Test condition for SO-8: Device mounted on FR-4, 20z copper, with minimum recommended pad layout.

6. Test condition for MSOP-8EP: Device mounted on 2" x 2" FR-4 substrate PC board, 20z copper, with minimum recommended pad on top layer and
thermal vias to bottom layer ground plane.

7. Test condition for SOT25: Device mounted on FR-4, 20z copper, with minimum recommended pad layout.

8. Test condition for U-DFN2018-6: Device mounted on FR-4 2-layer board, 20z copper, with minimum recommended pad on top layer and 3 vias to bottom
layer 1.0"x1.4" ground plane.

AP2181/ AP2191 40f 17 March 2015
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Typical Performance Characteristics
Ny e o)
| | | I
] I To ! 1 Toorn T 1 Toorn
| el T | ! ™ T
Horon! | it Hoon! | i
120N 90% 90% | D(ON) 90% 90% |
Vour ! | | Vour ! | |
10% 10% 10% 10%
Figure 1 Voltage Waveforms: AP2181 (left), AP2191 (right)
All Enable Plots are for AP2191 Active High
Turn-On Delay and Rise Time Turn-Off Delay and Fall Time
Ven Ven
5Vidiv 5Vidiv
Vout Vout
2Vidiv 2V/div CL=1pF
CL=14F + TA=425C «
TA=4+25C RL=50
RL=sa 7 - J
400ps/div g 400ps/div
Turn-On Delay and Rise Time Turn-Off Delay and Fall Time
Ven Ven
5Vidiv S5V/div
2Vid 2Vid L= 1004
. TA=425C .«
CL = 100uF AL Jsn
TA=1+25C
AL=50 7 v
400ps/div ’ 400ps/div
AP2181/ AP2191 50f 17 March 2015
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AP2181/ AP2191

Typical Performance Characteristics (continued)

Short Circuit Current,
Device Enabled Into Short

Inrush Current

Ven Ven
5Vidiv 5Vidiv
 — R Cy=470uF Va=5V
'S Ta=+25C
E Scr 0005 Ri-330
/ lout
lout VIN=5V 500mA/div
500mA/div
TA=1+25C
L = 10047 - Cu=220uF %
a
500ps/div 1ms/div
0.6 Q Load Connected to Enabled Device Short Circuit with Blanking Time and Recovery
VIN=5V VIN =5V
TA=+25C v TA=4+25C
Viiag 1 CL = 100uF 5V/div CL = 100uF
2V/div y e e
e
w
Vflag
| 5V/div
lout lout ——
1A/div 2A/div
2ms/div 20ms/div
Power On UVLO Increasing
Vilag
S5V/div
Vin
2Vidiv .
TA=+25°C
lout CL = 68yF
500mA/div RL =330 L
Ven i TA=4+25C
5Vidiv CL = 68yF
o lout
Vin 500mA/div RL=3.30
5V/diy — — i
i 1ms/div 1ms/div
AP2181/ AP2191 60f17 March 2015
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AP2181/ AP2191

Typical Performance Characteristics (cont)

UVLO Decreasing

Vin
2Vidiv

Current Limit Response vs Peak Current

TA=+25C

CL = 68uF

RL=330

VIN =5V
TA=+25C

Current Limit Response (us)
»
b

lout 10
500mA/div . TN
0
\ 0 2 4 6 8 10 12
Peak Current (A)
10ms/div
Turn-On Time vs Input Voltage Turn-Off Time vs Input Voltage
. ¢ T 1
750 s0d \\ CL=1yF —
% L1 * RL=10Q
;_eso / _;,‘5*—‘ " Ta=+25C
550 — E 4 I~
c I~
S 5 I~
13 £
5 40 — 5 35
LA CL=1uF L
350 RL =100 30
Ta=425C
250 ; 4 2
15 2 25 3 a5 4 45 5 55 6 15 2 25 3 as 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
Rise Time vs Input Voltage Fall Time vs Input Voltage
650 2
. / 2 -
550
5. 3” /
g g2
; 450 E /
LI CL=1yF € 5 CL=1wF
RL=10Q RL =100
20 o TA=+25C — | 20 Th=428C ——
300 19
2 25 3 35 4 45 5 55 6 2 25 3 a5 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
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Typical Performance Characteristics (cont)

Supply Current, Output Enabled vs Ambient Temperature Supply Current, Output Disabled vs Ambient Temperature

B
°
@

Vin = 5.5\/’7

H Vin = 5.0V 3os -
; G ¢ E 5 Vin = 5.0V \/
[ [}
&9 Vin =55V 5 08
e ¥ o5 Vin = 3.3V T~
3 5
bk \ O o4
g s Vin =27V 5 08
3 8 .02
s R
£ Vin=3.3V 2 Vin=2.7V
3 s 01
@ @
27 00
60 -40 20 0 20 40 60 80 100 0 -0 20 0 20 40 60 80 100
Ambient Temperature (C) Ambient Temperature (°C)
Static Drain-Source On-State Resistance vs Ambient Short-Circuit Output Current vs Ambient Temperature
Temperature
260
180 = CL = 100uF
g ™ Vin=27V / Sew Vin=3.3V
2w bl — H e, b Vin = 5.0V
sg ™ 320
8 E o 2 \ /\
5 E 190 3 230
.z § Vin=3.3V 2
120 FH
220
& i 110 i ]
o T
= 100 ==
3 Vin =5V e
[ ]
%o \Vm =55V
80 200
60 -0 20 0 20 40 60 80 100 60 -0 20 0 20 40 60 80 100
Ambient Temperature (°C) Ambient Temperature (°C)
Undervoltage Lockout vs Ambient Temperature Threshold Trip Current vs Input Voltage
215 324
a2
210 2
§ uvLo RiV e -
‘g 205 _— § 3.18
o
; / £, —
=
<2 _— o5 TA=4+25C
§ UVLO Faliing f.. CL = 68yF
S 195 g7
310
1.90 308
60 40 20 0 20 40 ) 8 100 28 33 a8 43 48 53
Ambient Temperature (°C) Input Voltage (V)
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Application Information

Power Supply Considerations

A 0.01-pF to 0.1-pF X7R or X5R ceramic bypass capacitor between IN and GND, close to the device, is recommended. Placing a high-value
electrolytic capacitor on the input (10-pF minimum) and output pin(s) is recommended when the output load is heavy. This precaution reduces
power-supply transients that may cause ringing on the input. Additionally, bypassing the output with a 0.01-pF to 0.1-pF ceramic capacitor improves
the immunity of the device to short-circuit transients.

Over-Current and Short Circuit Protection

An internal sensing FET is employed to check for over-current conditions. Unlike current-sense resistors, sense FETs do not increase the series
resistance of the current path. When an overcurrent condition is detected, the device maintains a constant output current and reduces the output
voltage accordingly. Complete shutdown occurs only if the fault stays long enough to activate thermal limiting.

Three possible overload conditions can occur. In the first condition, the output has been shorted to GND before the device is enabled or before VIN
has been applied. The AP2181/AP2191 senses the short circuit and immediately clamps output current to a certain safe level namely Iumir.

In the second condition, an output short or an overload occurs while the device is enabled. At the instance the overload occurs, higher current may
flow for a very short period of time before the current limit function can react. After the current limit function has tripped (reached the over-current
trip threshold), the device switches into current limiting mode and the current is clamped at lumiT.

In the third condition, the load has been gradually increased beyond the recommended operating current. The current is permitted to rise until the
current-limit threshold (lrrig) is reached or until the thermal limit of the device is exceeded. The AP2181/AP2191 is capable of delivering current up
to the current-limit threshold without damaging the device. Once the threshold has been reached, the device switches into its current limiting mode
and is set at lumiT.

Note that when the output has been shorted to GND at extremely low temperature (< -30°C), a minimum 120-pF electrolytic capacitor on the output
pin is recommended. A correct capacitor type with capacitor voltage rating and temperature characteristics must be properly chosen so that
capacitance value does not drop too low at the extremely low temperature operation. A recommended capacitor should have temperature
characteristics of less than 10% variation of capacitance change when operated at extremely low temp. Our recommended aluminum electrolytic
capacitor type is Panasonic FC series.

FLG Response

When an over-current or over-temperature shutdown condition is encountered, the FLG open-drain output goes active low after a nominal 7-ms
deglitch timeout. The FLG output remains low until both over-current and over-temperature conditions are removed. Connecting a heavy capacitive
load to the output of the device can cause a momentary over-current condition, which does not trigger the FLG due to the 7-ms deglitch timeout.
The AP2181/AP2191 is designed to eliminate false over-current reporting without the need of external components to remove unwanted pulses.

Power Dissipation and J ion Temperature
The low on-resistance of the internal MOSFET allows the small surface-mount packages to pass large current. Using the maximum operating
ambient temperature (Ta) and Ros(on), the power dissipation can be calculated by:

Pp = Ros(onyx I*
Finally, calculate the junction temperature:

Ts=PpxRea+Ta
Where:

Ta = Ambient temperature °C

Reua = Thermal resistance

Pp = Total power dissipation
Thermal Protection
Thermal protection prevents the IC from damage when heavy-overload or short-circuit faults are present for extended periods of time. The
AP2181/AP2191 implements a thermal sensing to monitor the operating junction temperature of the power distribution switch. Once the die
temperature rises to approximately 140°C due to excessive power dissipation in an over-current or short-circuit condition the internal thermal sense
circuitry turns the power switch off, thus preventing the power switch from damage. Hysteresis is built into the thermal sense circuit allowing the
device to cool down approximately 25°C before the switch turns back on. The switch continues to cycle in this manner until the load fault or input
power is removed. The FLG open-drain output is asserted when an over-temperature shutdown or over-current occurs with 7-ms deglitch.

AP2181/ AP2191 9of 17 March 2015
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Application Information (continued)

Under-Voltage Lockout (UVLO)

The under-voltage lockout function (UVLO) keeps the internal power switch from being turned on until the power supply has reached at least 1.9V,
even if the switch is enabled. Whenever the input voltage falls below approximately 1.9V, the power switch is quickly turned off. This facilitates the
design of hot-insertion systems where it is not possible to turn off the power switch before input power is removed.

Host/Self-Powered HUBs

Hosts and self-powered hubs (SPH) have a local power supply that powers the embedded functions and the downstream ports (see Figure 2). This
power supply must provide from 5.25V to 4.75V to the board side of the downstream connection under both full-load and no-load conditions. Hosts
and SPHs are required to have current-limit protection and must report over-current conditions to the USB controller. Typical SPHs are desktop
PCs, monitors, printers, and stand-alone hubs.

Downstream
Power Supply USB Ports
33V 5V
—JD+
AP2181 e Ips
23 6,7
IN ouT . 2 L 4 Vaus
GND
. 1uF ; FJ_I
1:0 ul . %D 1ul I 20uF
USB Control - 4 :\‘G -
GND

il
Figure 2 Typical One-Port U-SB Host / Self-Powered Hub

Generic Hot-Plug Applications

In many applications it may be necessary to remove modules or pc boards while the main unit is still operating. These are considered hot-plug
applications. Such implementations require the control of current surges seen by the main power supply and the card being inserted. The most
effective way to control these surges is to limit and slowly ramp the current and voltage being applied to the card, similar to the way in which a
power supply normally turns on. Due to the controlled rise times and fall times of the AP2181/AP2191, these devices can be used to provide a
softer start-up to devices being hot-plugged into a powered system. The UVLO feature of the AP2181/AP2191 also ensures that the switch is off
after the card has been removed, and that the switch is off during the next insertion.

By placing the AP2181/AP2191 between the VCC input and the rest of the circuitry, the input power reaches these devices first after insertion. The
typical rise time of the switch is approximately 1ms, providing a slow voltage ramp at the output of the device. This implementation controls system
surge current and provides a hot-plugging mechanism for any device.

Dual-Purpose Port Applications

AP2181/AP2191 is not recommended for use in dual-purpose port applications in which a single port is used for data communication between the
host and peripheral devices while simultaneously maintaining a charge to the battery of the peripheral device. An example of a non-recommended
application is a shared HDMI/MHL (Mobile High-definition Link) port that allows streaming video between an HDTV or set-top box and a
smartphone or tablet while maintaining a charge to the smartphone or tablet battery. If a voltage is maintained across the output of the
AP2181/AP2191 when the output is disabled and the Vin of the device is subsequently ramped up, an overstress condition to the AP2181/AP2191
may result.

AP2181/ AP2191 10 of 17 March 2015
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Ordering Information
AP21X1 XX G -X
| 1 TT T 1
| Enable | I Channel | I Package | | Gresn I I Packing |
B8:ActiveLow 1:1Channel W: SOT25 G:Green 7:7" Tape & Resl
9: Active High $:80-8 13:13" Tape & Reel
MP : MSOP-BEP
FM : U-DFN2018-6
- 7"/13" Tape and Reel
Farthumber Fackage Code i Quantity Part Number Suffix
(1 AP21X1WG-7 w SOT25 3,000/Tape & Reel -7
& AP21X1SG-13 S SO-8 2,500/Tape & Reel -13
(<1 AP21X1MPG-13 MP MSOP-8EP 2,500/Tape & Reel -13
i1 AP21X1FMG-7 FM U-DFN2018-6 3,000/Tape & Reel -7
Marking Information
(1) so-8
(Top view)
[8] [7] [6] [s]
‘ Y
Logo i —— 1:1 Channel
Part Number ¢—— AP21X X 1——> G : Green
8 : Active Low ¢— YY : Year: 08, 09,10~
9 : Active High YY WW X X WW : Week : 01752; 52
° represents 52 and 53 week
X : Internal Code
1 12 8 |4
(2) MSOP-8EP
( Top view )
8] [7] [e] [s]
——> A~Z: Green
[
Logo «—— 1 1 YW X E+— MSOP-8L-EP
Y:Year:0~9
Part Number «——— AP21X X W : Week : A~Z : 1~26 week;
8 : Active Low T géza'nczj75~3534 \ég(ek, z represents
9 : Active High [ ] L+ 1:1 Channel
[ 2 3 14
AP2181/ AP2191 11 of 17 March 2015
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Marking Information (continued)

(3) SOT25
(Top View)
[5] [4]
XX : Identification code
Y :Year 0~9
XXY WX W : Week : A~Z : 1~26 week;

a~z : 27~52 week; z represents
52 and 53 week

O] 2] [8] X:A~Z:Green

Device Package type Identification Code

AP2181W SOT25 HX

AP2191W SOT25 HY

(4) U-DFN2018-6
(Top View)
XX : Identification Code
XX Y : Year: 0~9
YWX W : Week : A~Z : 1~26 week;
L) a~z : 27~52 week; z represents
52 and 53 week
X:A~Z: Green

Device Package type Identification Code

AP2181FM U-DFN2018-6 HX

AP2191FM U-DFN2018-6 HY
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Package Outline Dimensions (Al dimensions in mm.)
Please see AP02002 at http:/www.diodes.com/datasheets/ap02002.pdf for the latest version.

(1) Package Type: SO-8

HHHH

< SO-8
Bl E & Dim | Min Max
A 21 Gauge Pil)ane A - 1.75
o T Seating Plane Al 0.10 0.20
. A2 | 130 [ 1.50
Detail ‘A" A3 0.15 0.25
H H H H b 0.3 0.5
' h 7°-9° D 4.85 4.95
TS T E 590 | 6.10
—— AZ“A PO | oewin e o | T;ap.es
: — o
e DJ—« L | 062 | 082
] 0° 8°

All Dimensions in mm

(2) Package Type: MSOP-8EP

. D
MSOP-8EP

ﬂ m m m" — Dim [ Min [ Max [ Typ

‘ H H“_I H o A - [110] -
L - [T, \ A1 | 0.05 | 0.15 | 0.10
% T \ A2 |0.75 | 0.95 [ 0.86
H—F+ —+F|E E2 | A3 [ 0.29 [ 0.49 [ 0.39
{ % b | 022038 0.30
7l B c [008][0.23]0.15
= D [ 290 3.10 | 3.00
M |_J u_l f U l_l U U D1 _| 1.60 | 2.00 [ 1.80
1 g 8Xb E [4.70 | 5.10 | 4.90
- E3 _ 2.90 [ 3.10 | 3.00
—A1 s 7\ " 2 [1.30 [ 1.70 | 1.50

I — ) 2.85 | 3.05 [ 2.

A A2 J‘r—j—*—r‘lL_‘/; e = —_|o.
) L Y b
See Detail C X - - 10.750
y x —_0.750

All Dif in mm
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Package Outline Dimensions (Al dimensions in mm.)
Please see AP02002 at http:/www.diodes.com/datasheets/ap02002.pdf for the latest version.

(3) Package Type: SOT25

=]
3
=
)
=
)
*

o
w
5]
2o
o
o
NREE
OOQF

— | — 10.95
3.00
0.05
1.00 {1.30]1.10
0.35 | 0.55|0.40
0.10 |0.20 [0.15
0.70 | 0.80]0.75

R | Z|=|r|X|~|T|O|O|m|>|
°
2
w
o

2

inmm

(4) Package Type: U-DFN2018-6

o T A3
A U-DFN2016-6

SEATING PLANE Dim | Min | Max [ Typ

AT A_[0.545[0.605[0.575

AT | 0 005002

A3 | — | — [o.13

02— |, b _[0.15]0.25]0.20

T D _[1.750]1.875] 1.80

R D2 [1.30 | 1.50 [ 1.40

b e [ | — [050

E_[1.95[2.075] 2,00

E2 [0.90 1.0 1.00

L [020]030]025

| z — | — [0.30
|+| Hi -mz4— All Dimensions in mm

i

Pin#1 1D — D

le—m
N
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Suggested Pad Layout
Please see AP02001 at http:/www.diodes.com/datasheets/ap02001.pdf for the latest version.
(1) Package Type: SO-8
X
> e
B
Dit i Value (in mm)
X
+ c1 Y 1.55
C1 5.4
c2 C2 1.27
vl
(2) Package Type: MSOP-8EP
X . C
Y
‘G | m Dimensions (i‘:la:;)
| C 0.650
| G 0.450
Y2 Y1 X 0.450
X1 X1 2.000
] Y 1.350
Y1 1.700
U m m U V2 5.300
(3) Package Type: SOT25
fecefe ca-
—
+ + +
Dil i Value (in mm)
T z 3.20
G C1 G 1.60
_i_ X 0.55
Y 0.80
v G 240
A4 C2 0.95
[
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o AP2181/ AP2191
Suggested Pad Layout (continued)
Please see AP02001 at http:/www.diodes.com/datasheets/ap02001.pdf for the latest version.
(4) Package Type: U-DFN2018-6
X Cc
-
ik [
Di Value (in mm)
C 0.50
G 0.20
2 (P R S—— L X 0.25
X1 1.60
Y 0.35
B Y1 1.20
G
HEH)Y
X1
Taping Orientation
For U-DFN2018-6
AB AB AB
YWX YWX YWX
L] . ]
Top cover
tape thickness
& 0.10mm Max.
Notes: 9. The taping orientation of the other package type can be found on our website at http://www.diodes. p02007.pdf.
AP2181/ AP2191 16 0f 17 March 2015
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I NCORPORATED

IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and d inative format rel d by Diodes | d

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2015, Diodes Incorporated

www.diodes.com
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USRI B AR 1.5A SINGLE CHANNEL CURRENT-LIMITED POWER SWITCH
Description Pin Assignments
The AP2181A and AP2191A are integrated high-side power switches
optimized for Universal Serial Bus (USB) and other hot-swap (Top View)
applications. This family of devices complies with USB 2.0 and is e E o E e
available with both polarities of Enable input. The AP2181A and
AP2191A offer current and thermal limiting and short circuit protection N E Z] ouT
as well as controlled rise time and undervoltage lockout functionality.
A 7ms deglitch capability on the open-drain Flag output prevents false IN E E] out
over-current reporting and does not require any external components.

en [4] [5] Fie

All devices are available in SO-8, MSOP-8EP, SOT25 and S0-8
U-DFN2018-6 packages.

(Top View)
Features ono C]® . F NC
«  Single USB Port Power Switches IN ] \ 73 out
e Over-Current and Thermal Protection IN ] } 57 ouTt
e 2.1A Accurate Current Limiting EN CE] —eed BET FiG
* Reverse Current Blocking
e  95mQ On-Resistance MSOP-8EP
*  Input Voltage Range: 2.7V to 5.5V
*  0.6ms Typical Rise Time (Top View)
*  Very Low Shutdown Current: 1pA (Max) OUTDZ = 0
«  Fault Report (FLG) with Blanking Time (7ms Typ)
*  ESD Protection: 4kV HBM, 300V MM GNOEE
e Active Low (AP2181A) or Active High (AP2191A) Enable
«  Ambient Temperature Range: -40°C to +85°C re[3] al e
e SOT25, SO-8, MSOP-8EP (Exposed Pad), and U-DFN2018-6:

Available in “Green” Molding Compound (No Br, Sb) SoT25

* Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2)
«  Halogen and Antimony Free. “Green” Device (Note 3) (Top View)

. UL Recognized, File Number E322375
* |EC60950-1 CB Scheme Certified

i

z
]

Feesrsenensin

]
o
c
=

Approdrions EN [BJ:........... ] FLG
e Consumer Electronics — LCD TV & Monitor, Game Machines
*  Communications — Set-Top Box, GPS, Smartphone U-DFN2018-6
e Computing — Laptop, Desktop, Servers, Printers, Docking
Station, HUB
Notes: 1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS), 2011/65/EU (RoHS 2) & 20 J (RoHS 3)
2. See https://www.diodes. i free/ for more i ion about Diodes 's itions of Halogen- and Antimony-free, "Green" and
Lead-free.

3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chiorine (<1500ppm total Br + Cl) and
<1000ppm antimony compounds.

AP2181A/AP2191A 10f 17 May 2018
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Typical Applications Circuit
AP2191A Enable Active High
Power Supply IN ouT Load
vasw | L L I 1
3
S10k ?WF F.wF IOJHF Tno",,
FLG
EN  GND
ON
wf L
Available Options
Current Limit Maxi Ci
Part Number Channel Enable Pin (EN) (Typ) Load Current
AP2181A 1 Active Low 21A 1.5A
AP2191A 1 Active High 21A 1.5A
Pin Descriptions
Pin Pin Number Eination
Name S0-8 MSOP-8EP | SOT25 | U-DFN2018-6
GND 1 1 2 1 Ground
IN 2,3 2,3 5 2 Voltage Input Pin (all IN pins must be tied together extemally)
EN 4 4 4 3 Enable input, active low (AP2181A) or active high (AP2191A)
Over-current and over-temperature fault report; open-drain flag is active low when
FLG 5 5 3 4 wriggered
ouT 6,7 6,7 1 56 Voltage Output Pin (all OUT pins must be tied together externally)
NC 8 8 N/A N/A No internal connection; recommend tie to OUT pins
Exposed Pad
Exposed Tab — Exposed Tab — Exposed Tab (It should be connected to GND and thermal mass for enhanced thermal
impedance. It should not be used as electrical ground conduction path.
AP2181A/AP2191A 20f17
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Report Reference #

E322375-A6029-CB-1

AP2181A/AP2191A

Functional Block Diagram

AP2181A, AP2191A

Current
. Sense

uvLo

GND
Absolute Maximum Ratings (@Ta = +25°C, unless otherwise specified.)
Symbol Parameter Ratings Unit
ESD HBM Human Body Model ESD Protection 4 kV
Machine Model ESD Protection 400 v
£SD MM for MSOP-8EP, SOT25 Packages
Machine Model ESD Protection 300 v
for U-DFN2018-6, SO-8 Packages
Vin Input Voltage 6.5 \
Vout Output Voltage Vin +0.3 \
Ven , Vrie Enable Voltage 6.5 \
ILoAaD Maximum Continuous Load Current Internal Limited A
Tymax) Maximum Junction Temperature +150 °C
Tst Storage Temperature Range (Note 4) -65 to +150 °C

Caution:  Stresses greater than the 'Absolute Maximum Ratings' specified above, may cause permanent damage to the device. These are stress ratings only;

functional operation of the device at these or any other
affected by i

to absolute maxi rating i for

periods of time.

is not implied. Device reliability may be

Semiconductor devices are ESD sensitive and may be damaged by exposure to ESD events. Suitable ESD precautions should be taken when handling
and transporting these devices.

Note: 4. UL Recognized Rating from -30°C to +70°C (Diodes Incorporated qualified Tst from -65°C to +150°C).

Recommended Operating Conditions (@t = +25°C, unless otherwise specified.)

v F Min Max Unit
Vin Input Voltage 27 55 \
lout Output Current 0 15 A
Ta Operating Ambient Temperature -40 +85 °C
ViH High-Level Input Voltage on EN or EN 2.0 Vin \
ViL Low-Level Input Voltage on EN or EN 0 0.8 \
AP2181A/AP2191A 30f17 May 2018
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I N C O R PO RATESE II’
Electrical Characteristics (@ta=+25°C, Vin = 5V, unless otherwise specified.)

Symbol Parameter Test Conditions Min Typ Max | Unit
Vuwio |Input UVLO RLoap = 1kQ 16 19 25 A\
Isypn  [Input Shutdown Current Disabled, loyt= 0 — 0.5 1 A

la Input Quiescent Current Enabled, loyt=0 — 45 70 pA
Iteak  |Input Leakage Current Disabled, OUT grounded — — 1 A
Irev  |Reverse Leakage Current Disabled, Vin = 0V, Vout = 5V, Irev at Vin — 1 — HA
sy A= 425°C [SOT25. MSOP-8EP, SO-8 — 95 115
i |U-DFN2018-6 — [ 90 | 110
Rops(on) [Switch On-Resistance -40°C < Ta< +85°C —_ — 140 mQ
Vin=3.3V, [Ta=+25°C —_ 120 | 140
lout= 1.5A -40°C < To< +85°C — — 170
Istort _|Short-Circuit Current Limit Enabled into short circuit, CL = 100pF — 20 — A
lumir  |Over-Load Current Limit Vin= 5V, Vour = 4.5V, C= 120pF, -40°C < Ta < +85°C 1.6 21 26 A
Itig  |Current Limiting Trigger Threshold Output Current Slew Rate (<100A/s) , C, = 100pF — 26 A
Vi EN Input Logic Low Voltage Vin = 2.7V to 5.5V - — 0.8 \
ViH EN Input Logic High Voltage Vin=2.7Vt0 5.5V 2 —_ — \
Iswk  |EN Input Leakage Ven = 5V e - 1 Ty
toon)  |Output Turn-On Delay Time CrL = 1pF, Rioap = 10Q — 0.05 —_ ms
tr Output Turn-On Rise Time CL= 1yF, Rioap = 10Q — 0.6 1.5 ms
toorr) |Output Turn-Off Delay Time CL= 1pF, Rioap = 10Q —_ 0.01 ms
tF Output Turn-Off Fall Time CL= 1pF, Rioap = 10Q — 0.05 0.1 ms
Rrig |FLG Output FET On-Resistance IrLg = 10mA, CL= 100pF — 20 40 Q
taiank  |FLG Blanking Time Cin= 10pF, C_ = 100pF 4 7 15 ms
Tsuon | Thermal Shutdown Threshold Enabled, R oap = 1kQ — +140 — °C
Thys |Thermal Shutdown Hysteresis — — +25 — °C
SO-8 (Note 5) — 110 — °CW
g,a | Thermal Resistance Junction-to- MSOP-8EP (Note 6) — 60 — | cw
Ambient SOT25 (Note 7) — 157 — ‘CW
U-DFN2018-6 (Note 8) — 70 — ‘CW

Notes: 5. Test condition for SO-8: Device mounted on FR-4, 20z copper, with minimum recommended pad layout.

6. Test condition for MSOP-8EP: Device mounted on 2" x 2" FR-4 substrate PC board, 20z copper, with minimum recommended pad on top layer and
thermal vias to bottom layer ground plane.

7. Test condition for SOT25: Device mounted on FR-4, 20z copper, with minimum recommended pad layout.

8. Test condition for U-DFN2018-6: Device mounted on FR-4 2-layer board, 20z copper, with minimum recommended pad on top layer and 3 vias to bottom
layer 1.0"x1.4" ground plane.

AP2181A/AP2191A 40f 17 May 2018
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Typical Performance Characteristics
Ven g% so%) Ven Yoo soo
| | | |
| g ! | tojorr) | g ! | toorF)
| I iy M ™ | ! > ¢
| | | | [

| | |
toon) | 90% 90% | |'°(°“) | 90% 90% |
Vour l | | Vour ' I |
10% 10% 10% 10%

Figure 1. Voltage Waveforms: AP2181A (Left), AP2191A (Right)

All Enable Plots are for AP2191A Active High

Turn-On Delay and Rise Time Turn-Off Delay and Fall Time

Ven Ven

5Vidiv S5Vidiv

Ve Ve =

idiv idiv 128
C = 1pF * L4 R.=50Q
Ta=+25°C
R.=50Q - L

400ps/div ’ 400ps/div
Turn-On Delay and Rise Time Turn-Off Delay and Fall Time
—

——

Ve Vex

5Vidiv 5Vidiv

Vour Vour .= 100pF

2Vidiv 2Vidiv Ta=+25°C
C.=100pF * Re=5Q
Ta=+25°C
R.=50Q

400ps/div ’ 400ps/div
AP2181A/AP2191A 50f 17 May 2018
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AP2181A/AP2191A

Typical Performance Characteristics (cont)

Short Circuit Current,
Device Enabled Into Short

Inrush Current

Vi

Veu en
5Vidiv SVidiv
— — i “
C, = 470pF Ta= .52‘;.(:
/ C, = 100pF / R =330
/
lour
lour Vin= 5V 500mA/div
500mA/div Ta=+25°C
C,= 100pF
Cy = 220pF %
L =
500ps/div sl
0.6 Q Load Connected to Enabled Device Short Circuit with Blanking Time and Recovery
V=5V T V=5V
Ta=+26°C Ta=+25°C
C,= 100pF Vi C. = 100pF
1 our
Vruag 5Vidiv
2Vidiv
e
o
Ve
| 5Vidiv
lour lour _—
1A/div 2A/div
ad
2ms/div 20ms/div
Power On UVLO Increasing
Vaac
SVidiv
Vau
Ty=425°C 2Vidiv .
C, = 68yF
lour R =330
500mA/div v
Ta=+25C
::___/ C.=68yF
S5Vidiv R.=330
lour
Vi - 500mA/div
FAY/ T e ™
1ms/div 1ms/div
AP2181A/AP2191A 6 of 17 May 2018
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Typical Performance Characteristics (cont)

uvLO Decreaslng Current Limit Response vs Peak Current
45
Ta=+25°C -
s \
" - N
2 N Viu= 5V -l
4 \ Ta=+25°C
P i \
3 ~—
lour § 10
500mA/div 9 s
\ 0
N 0 2 4 6 8 10 12
Peak Current (A)
10ms/div
Turn-On Time vs Input Voltage Turn-Off Time vs Input Voltage
“ N T 1T 1
750 50 S~ \ gﬁ 13; N
=1
— - Ta=+25°C
g 890 /"/ ER I~ e
z - g
) Ew
5 o 5
§ w0 E 3 I~
- -
Cy = 1yF
350 R =100 — 20
Ta=+25°C
250 | | 2
15 2 25 3 35 4 45 5 55 5 15 2 25 3 s 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
Rise Time vs Input Voltage Fall Time vs Input Voltage
650 2
600 / 24
- /
g el 3” /
2 0 3
g g2
3 E
3 E /
2 E Cu=1puF
Co= 1pF 21 R.=100 -
e / R=100 Ta=+25°C
Ta=+25°C
3% - o
300 19
2 25 3 s 4 45 5 55 6 2 25 3 3s 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
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AP2181A/AP2191A

Typical Performance Characteristics (cont)

Supply Current, Output Enabled vs Ambient Temperature Supply Current, Output Disabled vs Ambient Temperature
52 09
g 3
S Vo =50V =88 Vn=55V
Ba 2.
3 2 =5
: L 1.
w Vi = 5.5V a
K S S
H g Vai=33V
o. O o4
a7
g / V=27V g s M
> 3 o2 // // \
5 y Vo3V § < /// V=21V
@ E]
27 00
€0 40 20 0 2 40 60 80 100 80 -0 20 0 2 40 60 80 100
Ambient Temperature (°C) Ambient Temperature (°C)
Static Drain-Source On-State Resistance vs Ambient Short-Circuit Output Current vs Ambient Temperature
Temperature
260
180 = CL = 100pF
s M Y] — % 250
- ™=
i = £ V=27V Vin=33V Vi 5.0V
=~ 180 o
[} =
5 230
3§ ™ V=33V S
£ 'g 120 g . § 220
E& o - Q
3 5 e
100
3 V=5V 520
% — Vi =55V
80 200
80 40 20 0 20 40 60 80 100 60 40 20 0 20 40 60 80 100
Ambient Temperature (°C) Ambient Temperature (*C)
Undervoltage Lockout vs Ambient Temperature Threshold Trip Current vs Input Voltage
215 32
32
210 z
% UVLO Rising g a0
S = 318
g 268 3
£ 318 —
L Ta=+25°C
20 B 3 Cy=68yF —
&
UVLO Fali /
3 o g 312
S 195 / 3
310 +—>
1.90 308
60 40 20 0 20 40 60 80 100 28 33 a8 43 48 53
Ambient Temperature (°C) Input Voltage (V)
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Application Information

Power Supply Considerations

A 0.01pF to 0.1pF X7R or X5R ceramic bypass capacitor between IN and GND, close to the device, is recommended. Placing a high-value
electrolytic capacitor on the input (10pF minimum) and output pin(s) is recommended when the output load is heavy. This precaution reduces
power-supply transients that may cause ringing on the input. Additionally, bypassing the output with a 0.01uF to 0.1pF ceramic capacitor improves
the immunity of the device to short-circuit transients.

Over-Current and Short Circuit Protection

An internal sensing FET is employed to check for over-current conditions. Unlike current-sense resistors, sense FETs do not increase the series
resistance of the current path. When an overcurrent condition is detected, the device maintains a constant output current and reduces the output
voltage accordingly. Complete shutdown occurs only if the fault stays long enough to activate thermal limiting.

Three possible overload conditions can occur. In the first condition, the output has been shorted to GND before the device is enabled or before Vin
has been applied. The AP2181A/AP2191A senses the short circuit and immediately clamps output current to a certain safe level namely Iuwir.

In the second condition, an output short or an overload occurs while the device is enabled. At the instance the overload occurs, higher current
may flow for a very short period of time before the current limit function can react. After the current limit function has tripped (reached the over-
current trip threshold), the device switches into current limiting mode and the current is clamped at lumit.

In the third condition, the load has been gradually increased beyond the recommended operating current. The current is permitted to rise until the
current-limit threshold (ltric) is reached or until the thermal limit of the device is exceeded. The AP2181A/AP2191A is capable of delivering
current up to the current-limit threshold without damaging the device. Once the threshold has been reached, the device switches into its current
limiting mode and is set at IiT.

Note that when the output has been shorted to GND at extremely low temperature (< -30°C), a minimum 120pF electrolytic capacitor on the output
pin is recommended. A correct capacitor type with capacitor voltage rating and temperature characteristics must be properly chosen so that
capacitance value does not drop too low at the extremely low temperature operation. A recommended capacitor should have temperature
characteristics of less than 10% variation of capacitance change when operated at extremely low temp. Our recommended aluminum electrolytic
capacitor type is Panasonic FC series.

FLG Response

When an over-current or over-temperature shutdown condition is encountered, the FLG open-drain output goes active low after a nominal 7ms
deglitch timeout. The FLG output remains low until both over-current and over-temperature conditions are removed. Connecting a heavy
capacitive load to the output of the device can cause a momentary over-current condition, which does not trigger the FLG due to the 7ms deglitch
timeout. The AP2181A/AP2191A is designed to eliminate false over-current reporting without the need of external components to remove
unwanted pulses.

Power Dissip and Temp
The low on-resistance of the internal MOSFET allows the small surface-mount packages to pass large current. Using the maximum operating
ambient temperature (Ta) and Rps(on), the power dissipation can be calculated by:

Po = Rosonx I?

Finally, calculate the junction temperature:
Ts=PoxRema+Ta

Where:

Ta = Ambient temperature °C
Reya = Thermal resistance
Pp = Total power dissipation

Thermal Protection

Thermal protection prevents the IC from when heavy-overload or short-circuit faults are present for extended periods of time. The
AP2181A/AP2191A implements a thermal sensing to monitor the operating junction temperature of the power distribution switch. Once the die
temperature rises to approximately +140°C due to excessive power dissipation in an over-current or short-circuit condition the internal thermal
sense circuitry turns the power switch off, thus preventing the power switch from damage. Hysteresis is built into the thermal sense circuit allowing
the device to cool down approximately +25°C before the switch turns back on. The switch continues to cycle in this manner until the load fault or
input power is removed. The FLG open-drain output is d when an over- p ire shutdown or over-current occurs with 7ms deglitch.
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Application Information (cont)

Undervoltage Lockout (UVLO)

Undervoltage Lockout (UVLO) function keeps the internal power switch from being turned on until the power supply has reached at least 1.9V,
even if the switch is enabled. Whenever the input voltage falls below approximately 1.9V, the power switch is quickly turned off. This facilitates the
design of hot-insertion systems where it is not possible to turn off the power switch before input power is removed.

Host/Self-Powered HUBs

Hosts and Self-Powered HUBs (SPH) have a local power supply that powers the embedded functions and the downstream ports (see Figure 2).
This power supply must provide from 5.25V to 4.75V to the board side of the downstream connection under both full-load and no-load conditions.
Hosts and SPHs are required to have current-limit protection and must report over-current conditions to the USB controller. Typical SPHs are
desktop PCs, monitors, printers, and stand-alone hubs.

Downstream
Power Supply USB Ports
33v 5V
— D+
AP2181A —1p-
23 6,7
IN out * Vaus
01pF S R GND
I S “Lo.pF L 120pF
> FLG .
USB Control 4 EN

GND
I
Figure 2. Typical One-Port USB Host / Self-Powered Hub

Generic Hot-Plug Applications

In many applications it may be necessary to remove modules or PC boards while the main unit is still operating. These are considered hot-plug
applications. Such implementations require the control of current surges seen by the main power supply and the card being inserted. The most
effective way to control these surges is to limit and slowly ramp the current and voltage being applied to the card, similar to the way in which a
power supply normally turns on. Due to the controlled rise and fall time of the AP2181A/AP2191A, these devices can be used to provide a softer
start-up to devices being hot-plugged into a powered system. The UVLO feature of the AP2181A/AP2191A also ensures that the switch is off after
the card has been removed, and that the switch is off during the next insertion.

By placing the AP2181A/AP2191A between the VCC input and the rest of the circuitry, the input power reaches these devices first after insertion.
The typical rise time of the switch is approximately 1ms, providing a slow voltage ramp at the output of the device. This implementation controls
system surge current and provides a hot-plugging mechanism for any device.

Dual-Purpose Port Applications

AP2181A/AP2191A is suitable for use in dual-purpose port applications in which a single port is used for data communication between the host
and peripheral devices while simultaneously maintaining a charge to the battery of the peripheral device. An example of this is a shared
HDMI/MHL (Mobile High-Definition Link) port that allows streaming video between an HDTV or set-top box and a smartphone or tablet while
maintaining a charge to the smartphone or tablet battery. In such dual-purpose port applications, it is important to insure Viy of the
AP2181A/AP2191A is ramped to its operating voltage prior to enabling the output.
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| AP2181A/AP2191A
Ordering Information
AP21X1A ﬁf - {
Enable Channel Package Packing
8 : Active Low 1:1 Channel W : SOT25 7 : 7" Tape & Reel
9 : Active High S:80-8 13: 13" Tape & Reel
MP : MSOP8-EP
FM : U-DFN2018-6
Packag = 7”/13” Tape and Reel Status
Fort Numbor (Note 10) Package Code Quantity Part Number Suffix | (Note 9)
AP2181AW-7 SOT25 w 3000 -7 In Production
AP2181AS-13 SO-8 S 2500 -13 In Production
\P2181AMP-13 MSOP-8EP MP 2500 -13 In Production
NP2181AFM-7 U-DFN2018-6 FM 3000 -7 In Production
AP2191AW-7 SOT25 w 3000 -7 In Production
AP2191AS-13 SO-8 S 2500 -13 In Production
AP2191AMP-13 MSOP-8EP MP 2500 -13 In Production
AP2191AFM-7 U-DFN2018-6 FM 3000 -7 End of Life
Notes: 9. AP2191AFM-7 is End of Life (EOL) and recommended alternative is AP2181AFM-7.
10. For packaging details, go to our website at: https://www.diodes. i i P ging/.
Marking Information
(1) SO-8
(Top View)
6] [ 6 s
Logo «—1— |
Part Number «<—— AP21X 1A YY : Year : 08, 09,10~
8 : Active Low +— WW : Week : 01~52; 52
9 : Active High YY WW XX represents 52 and 53 week
o XX : Internal Code
1| [ B
(2) MSOP-8EP
(Top View)
Bl [7] [e] [s]
Logo «—— )} | YW X E+— MSOP-8EP
Y :Year:0~9
Part Number <—— AP21X1A W: Week : A~Z : 1~26 week;
8: Active Low gaza h(2175353v$(ek, z represents
9 : Active High (@] X : Internal Code
i 2 T8 14
AP2181A/AP2191A 110f 17 May 2018
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Marking Information (cont)
(3) SOT25
( Top View)
[5] [4]
XX : Identification code
Y :Year 0~9
XXY WX W : Week : A~Z : 1~26 week;
a~z : 27~52 week; z represents
52 and 53 week
A7 [2] [38] X:A~Z:Green
Device Package Type Identification Code
AP2181AW SOT25 VX
AP2191AW SOT25 VY
(4) U-DFN2018-6
(Top View)
XX : Identification Code
XX Y : Year: 0~9
YWX W : Week : A~Z : 1~26 week;
. a~z : 27~52 week; z represents
52 and 53 week
X :A~Z: Green
Device Package Type Identification Code
AP2181AFM U-DFN2018-6 ZX
AP2191AFM U-DFN2018-6 Y
AP2181A/AP2191A 120f 17 May 2018
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Package Outline Dimensions
Please see http://www.diodes.com/package-outlines.html for the latest version.
(1) Package Type: SO-8
g1
Dim | Min Max | Typ
A | 140 | 150 [ 145
_+_ A1 | 0.10 | 0.20 | 0.15
b 0.30 | 0.50 | 0.40
O c | 0.5 | 0.25 | 0.20
1 D 485 | 495 | 490
E 5.90 6.10 | 6.00
I:l I:I H E1 | 380 | 390 | 385
EO0 | 3.85 3.95 | 3.90
e - - 1.27
_ y E h | - — o35
AeS) L 0.62 0.82 | 0.72
& SN 90 X Q | 060 | 0.70 | 065
o | L—l /~ k5 - All Di in mm
[ : 4°13° il - r
! ! L auge Plane
N | I I Seating Plane
Q- —
i e Al =)
D
(2) Package Type: MSOP-8EP
MSOP-8EP
Dim | Min | Max | Typ
A - 1.10 -
A1 ] 0.05 0.1 0.10
A2 |0.75 | 0.95 | 0.86
A3 [0.29 | 0.49 | 0.39
b 0.22 | 0.38 | 0.30
c 0.08 | 0.23 | 0.15
D 290 |3.10 | 3.00
D1 .60 | 2.00 | 1.80
E [4.70 | 5.10 | 4.90
E1 |2.90 |3.10 | 3.00
E2 [1.30[1.70 [ 1.50
E3 [285[3.05]295
e - - 0.65
L 1040 |0.80 | 0.60
a 0° 8° 4°
X - - 10.750
y - - 10.750
All D in mm
AP2181A/AP2191A 13 of 17 May 2018
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Package Outline Dimensions (cont)
Please see http://www.diodes.com/package-outlines.html for the latest version.

(3) Package Type: SOT25

~{Afe

SOT25
Min | Max | Typ
0.35 | 0.50 | 0.38
1.50 [1.70 [ 1.60
2.70 |13.00(2.80
— — 10.95
2.90 |3.10]3.00
0.013/0.10 | 0.05
1.00 [1.30 [ 1.10
0.35 | 0.55|0.40
0.10 |1 0.20 [(0.15
0.70 {0.80 [0.75
0° 8 —

in mm

=]
3

£l ZIEFX‘—IUOW>

2

(4) Package Type: U-DFN2018-6

! i U-DFN2018-6
SEATING PLANE Dim | Min | Max | Typ
A ]0.545)0.605(0.575
Al A1 0 10.05[0.02
Pin#1 ID — D A3 | — [ —To13
b 10.15[0.25]0.20
D |1.750|1.875/ 1.80
D2 [1.30]1.50 | 1.40
e — — 1 0.50
1.95 [2.075] 2.00
0.90 [ 1.10 | 1.00
L [0.200.30 [ 0.25
z — — 10.30
All Di inmm

T
’ e T —f ol — [
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Suggested Pad Layout
Please see http://www.diodes.com/package-outlines.html for the latest version.
(1) Package Type: SO-8
X
Di Value (in mm)
X
Y 1.55
-+ ci ci 54
C2 1.27
c2
3 [
(2) Package Type: MSOP-8EP
I i
Y
!G J Dimensions (i\:‘ a'::;)
C 0.650
I G 0.450
Y2 : Y1 X 0.450
X1 X1 2.000
Y 1.350
Y1 1.700
m m ] I:| V2 5.300
(3) Package Type: SOT25
fecaafe coof
D i Value (in mm)
T G 1.60
X 0.55
z$ a Y 0.80
_{_ c1 2.40
C2 0.95
1
[
AP2181A/AP2191A 150f 17 May 2018
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AP2181A/AP2191A
Suggested Pad Layout (cont)
Please see http://www.diodes.com/package-outlines.html for the latest version.
(4) Package Type: U-DFN2018-6
X c
[
siHpHgH
Di Value (in mm)
C 0.50
G 0.20
Y1 | X 0.25
X1 1.60
* Y 0.35
s Y1 1.20
HEH)Y

X1

Taping Orientation

For U-DFN2018-6

Top cover
tape thickness

Note: 11. The taping orientation of the other package type can be found on our website at http://www.diodes. 007.pdf.
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and inative format by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or syst are devices or sy which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2018, Diodes Incorporated

www.diodes.com
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0.2A SINGLE CHANNEL CURRENT-LIMITED POWER SWITCH
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Description Pin Assignments

The AP21410 and AP21510 are integrated high-side power switches (Top View)
optimized for Universal Serial Bus (USB) and other hot-swap
applications. The family of devices complies with USB 2.0 and is
available with both polarities of Enable input. They offer current and
thermal limiting and short circuit protection as well as controlled rise
time and undervoltage lockout functionality.

All devices are available in U-DFN2018-6 packages.

U-DFN2018-6
Features Applications
*  Single USB Port Power Switches *  Consumer Electronics — LCD TVs & Monitors, Game Machines
*  Overcurrent and Thermal Protection «  Communications — Set-Top Boxes, GPS, Smartphones
*  0.4A Typical Current Limiting e  Computing — Laptops, Desktops, Servers, Printers, Docking
*  Reverse Current Blocking Stations, HUBs

*  95mQ On-Resistance

* Input Voltage Range: 2.7V to 5.5V

e  0.4ms Typical Rise Time

*  Very Low Shutdown Current: 1pA (Max)

*  ESD Protection: 4KV HBM, 400V MM

*  Active Low (AP21410) or Active High (AP21510) Enable

*  Ambient Temperature Range -40°C to +85°C

e  U-DFN2018-6: Available in “Green" Molding Compound (No Br,
Sb)

e 15kV ESD Protection per IEC 61000-4-2 (with External
Capacitance)

. UL Recognized, File Number E322375

* |EC60950-1 CB Scheme Certified

*  Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2)

« Halogen and Antimony Free. “Green” Device (Note 3)

Notes: 1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS) & 2011/65/EU (RoHS 2) compliant.
2. See http:/iwww.diodes.com/quality/lead_free.html for more information about Diodes Incorporated’s definitions of Halogen- and Antimony-free, "Green"
and Lead-free.
3. Halogen- and Antimony-free "Green" products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + CI) and
<1000ppm antimony compounds.

Typical Applications Circuit

Power Supply

2.7V to 5.5V j
IN OUT—8- Load
| + | 1 ,
’I?our F.ms AP21410 IAHFTZWF

= |

GND

L

AP21410/ AP21510 10f 14 June 2015
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I N C O R P O R ATED .
Available Options
Part Number Channel Enable Pin (EN) Current Limit (Typical) | R d M Conti Load Current
AP21410 1 Active Low 0.4A 0.2A
AP21510 1 Active High 0.4A 0.2A
Pin Descriptions
Pin Number Pin Name Function
1 GND Ground
2 IN Voltage Input Pin (all IN pins must be tied together externally).
3 EN Enable Input. Active Low (AP21410) and Active High (AP21510)
4 NC No internal connection
56 ouT Voltage Output Pin (all OUT pins must be tied together externally).
Exposed Pad.
Exg::ed Exg:‘s’ed It should be externally connected to GND plane and thermal mass for enhanced thermal impedance.
It should not be used as electrical ground conduction path.

Functional Block Diagram

AP21410, AP21510

] [ | /o M
IN J_ Sense out
Current
Limit

uvLoO

AP21410/ AP21510 20of 14 June 2015
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IimcomRPoORATED
Absolute Maximum Ratings (@Ta = +25°C, unless otherwise specified.)
Symbol Parameter Ratings Units
HBM Human Body Model ESD Protection 4 kv
MM Machine Model ESD Protection 400 \Y
ESD Surges per EN61000-4-2. 1999 applied to | .- 15 KW
IEC System | output terminals of EVM (Note 5)
il v : “
Vin Input Voltage 6.5
Vout Output Voltage Vin+0.3
Ven Enable Voltage 6.5
ILoan Maximum Continuous Load Current Internal Limited A
Tymax) Maximum Junction Temperature +150 °C
Tst Storage Temperature Range (Note 4) -65 to +150 °C
Caution:  Stresses greater than the 'Absolute Maximum Ratings' specified above, may cause permanent damage to the device. These are stress ratings only;
functional operation of the device at these or any other it ing those indi in this ification is not implied. Device reliability may be
affected by exp to absolute i rating iti for periods of time.

Semiconductor devices are ESD sensitive and may be damaged by exposure to ESD events. Suitable ESD precautions should be taken when handling
and transporting these devices.
Notes: 4. UL Recognized Rating from -30°C to +70°C (Diodes qualified Tsy from -65°C to +150°C).

5. External capacitors need to be connected to the output, EVM board was tested with capacitor 2.2pF 50V 0805.
This level is a pass test only and not a limit.

Recommended Operating Conditions (@1 = +25°C, unless otherwise specified.)

Symbol Parameter Min Max Units
Vin Input Voltage 2.7 55 \%
lout Output Current 0 200 mA
Ta Operating Ambient Temperature -40 +85 °C
Vi EN Input Logic Low Voltage 0 0.8
Vi EN Input Logic High Voltage 2 Vin Y
AP21410/ AP21510 3of14 June 2015
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IimcomRPoORATED
Electrical Characteristics (@1a=+25°C, vin = +5.0V, unless otherwise specified.)
Symbol Parameter Conditions Min Typ Max Unit
Vuwio  |Input UVLO Ruoap = 1kQ 16 19 25 v
ISHDN Input Shutdown Current Disabled, lour =0 —_ 0.5 1 HA
la Input Quiescent Current Enabled, lout = 0 - 45 70 HA
ILeak Input Leakage Current Disabled, OUT Grounded - — 1 HA
Irev Reverse Leakage Current Disabled, Vin = 0V, Vour = 5V, Irev at Vin —_ 0.01 1 HA
Vin = 5V, Ta=+25°C U-DFN2018-6 — 80 110
lout = 0.2A -40°C < Ta< +85°C = = 140
Roson)  [Switch On-Resistance mQ
Vin=3.3V, Ta=+25°C — 100 140
lout = 0.2A -40°C < Tp< +85°C — - 170
ISHORT Short-Circuit Current Limit Enabled into Short Circuit - 250 — mA
Tsvort  |Short-Circuit Response Time xz:g: ZSZ ;?QLO:;T; IsoRT (OUT; shorted o ground) — 2 — us
Iumir Over-Load Current Limit Vin = 5V, Vout = 4.5V, -40°C < Tas +85°C 300 400 500 mA
Isink EN Input Leakage Ven = 5V — — 1 HA
toon) Output Turn-On Delay Time Rioap = 25Q — 0.05 — ms
tr Output Tum-On Rise Time Rioap = 25Q — 0.4 1.5 ms
tooFF) Output Turn-Off Delay Time Rioap = 25Q — 0.14 — ms
tF Output Turn-Off Fall Time RLoaD = 25Q — 0.04 0.1 ms
TsHon Thermal Shutdown Threshold Enabled, Rioap = 1kQ - +140 — °C
Thys Thermal Shutdown Hysteresis - — +25 — °C
b |pormal Resistance Junction-to- |, peN2018-6 (Note 6) — 70 — | emw
Note: 6. Test condition for U-DFN2018-6: Device mounted on FR-4 2-layer board, 20z copper, with minimum recommended pad on top layer and 3 vias to bottom
layer 1.0" x 1.4" ground plane.
AP21410/ AP21510 40of 14 June 2015
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Performance Characteristics
Ven o so%) Ven Voo 5o
I I I I
| g ! |toorr) | 1!  tocorr)
| | te | ! > t
I I

to | | >

(ON) 90% 90% |

Vour 1 | |
10% 10%

Figure 1. Voltage Waveforms: AP21410 (Left), AP21510 (Right)

IsHoRT

Figure 2. Response Time to Short Circuit Waveform

Turn-On Delay and Rise time

) Turn-Off Delay and Fall time

www.diodes.com

VEN
5Vidiv Ven N ]
Ta=+25°C
RL =250
Ci = 1uF
Vour Vour t
2V/div 2V/div
Ta=+25°C
RL=25Q
CL=1pF
500ps/div 100ps/div
Turn-On Delay and Rise Time Turn-Off Delay and Fall Time
VeN
5Vidiv VEN \
5V/div
Ta=+25°C
R =250
Vour Vour CLp 1004r
2VIdiv 2Vidiv
Ta=+25°C
RL=25Q
Cp = 100pF
500ps/div 2ms/div
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AP21410/ AP21510

Performance Characteristics (continued)

Turn On Delay and Rise Time

Turn Off Delay and Fall time

Ven
5V/div VEN \
TS 5V/div
Ta=+25°C
RL=250
VOU‘I: Vour Cu = O4F
2V/div Ta= +25°C 2V/div
P
RL= 250
Cp=0pF
500ps/div 500us/div
Short Circuit Current, Short Circuit Current
Device Enabled Into Short Device Enabled Into Short
VEN Ven
5Vidiv < 5Vidiv
" il
lout 1 Vin= lour =
: IN=5V ol ViN =5V
100mA/div Ta= +25°C 100mA/div Ta= +25°C
CL=120pF CL=0pF
20ms/div
20ms/div
Inrush Current Over Load Current Limit
VEN Vour
5V/div 2V/div
Ci = 120pF
In
200mA/div :
out ViN=5V
GE20E Cy=4Toub ™ oomardiv Ta=+425'C
Vin=5V e Cp = 120pF
Ta=+25°C
200us/div 20ms/div
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3 AP21410/ AP21510
Performance Characteristics (cont)
Power On ) Power On
VEN ' VEN
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I N C O R P O R ATED .
Performance Characteristics (cont)
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Performance Characteristics (cont)
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Application Information

Power Supply Considerations

A 0.01pF to 0.1pF X7R or X5R ceramic bypass capacitor between IN and GND, close to the device, is recommended. Placing a high-value
electrolytic capacitor on the input (10pF minimum) and output pin(s) is recommended when the output load is heavy. This precaution reduces
power-supply transients that may cause ringing on the input. Additionally, bypassing the output with a 0.01pF to 0.1puF ceramic capacitor improves
the immunity of the device to short-circuit transients.

Overcurrent and Short Circuit Protection

An internal sensing FET is employed to check for overcurrent conditions. Unlike current-sense resistors, sense FETs do not increase the series
resistance of the current path. When an overcurrent condition is detected, the device maintains a constant output current and reduces the output
voltage accordingly. Complete shutdown occurs only if the fault stays long enough to activate thermal limiting.

Three possible overload conditions can occur. In the first condition, the output has been shorted to GND before the device is enabled or before Vin
has been applied. The AP21410 / AP21510 short circuit and clamps output current to a certain safe level namely IsHorT-

In the second condition, an overload occurs while the device is enabled. At the instance the overload occurs, higher current may flow for a very
short period of time before the current-limit function can react. After the current limit function has tripped (reached the overcurrent trip threshold),
the device switches into current limiting mode and the current is clamped at Imir.

In the third condition, the load has been gradually i beyond the ded operating current. The current is permitted to rise until the
current-limit threshold is reached or until the thermal limit of the device is exceeded. The AP21410 / AP21510 is capable of delivering current up to
the current-limit threshold without damaging the device. Once the threshold has been reached, the device switches into overload current limiting
mode and is set at Iwir. If the load current keeps going higher, the device will switch into short-circuit current limiting mode and is set at Isyorr.

Note that when the output has been shorted to GND at extremely low temperatures (< -30°C), a minimum 120pF electrolytic capacitor on the output
pin is recommended. A correct capacitor type with capacitor voltage rating and temperature characteristics must be properly chosen so that the
capacitance value does not drop too low at the extremely low temperature operation. A recommended capacitor should have temperature
characteristics of less than 10% variation of capacitance change when operated at extremely low temp. Our recommended aluminum electrolytic
capacitor type is Panasonic FC series.

Power Dissipation and Junction Temperature
The low on-resistance of the intemal MOSFET allows the small surface-mount packages to pass large current. Using the maximum operating
ambient temperature (Ta) and Ros(on), the power dissipation can be calculated by:

Pp = Ros(on) x I
Finally, calculate the junction temperature:
Ts=PpxRea+Ta
Where:
Ta= Ambient temperature °C
Rgua = Thermal resistance

Pp = Total power dissipation

AP21410/ AP21510 10 of 14 June 2015
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Application Information (continued)

Thermal Protection

Thermal protection prevents the IC from damage when heavy overload or short-circuit faults are present for extended periods of time. The AP21410
/ AP21510 implements a thermal sensing to monitor the operating junction temperature of the power distribution switch. Once the die temperature
rises to approximately +140°C due to excessive power dissipation in an overcurrent or short-circuit condition, the internal thermal sense circuitry
turns the power switch off, thus preventing the power switch from damage. Hysteresis is built into the thermal sense circuit allowing the device to
cool down approximately +25°C before the switch turns back on. The switch continues to cycle in this manner until the load fault or input power is
removed.

Undervoltage Lockout (UVLO)

Undervoltage lockout function (UVLO) keeps the internal power switch from being turned on until the power supply has reached at least 1.9V, even
if the switch is enabled. Whenever the input voltage falls below approximately 1.9V, the power switch is quickly turned off. This facilitates the design
of hot-insertion systems where it is not possible to turn off the power switch before input power is removed.

Generic Hot-Plug Applications

In many applications it may be necessary to remove modules or pc boards while the main unit is still operating. These are considered hot-plug
applications. Such implementations require the control of current surges seen by the main power supply and the card being inserted. The most
effective way to control these surges is to limit and slowly ramp the current and voltage being applied to the card, similar to the way in which a
power supply normally turns on. Due to the controlled rise times and fall times of the AP21410 / AP21510, these devices can be used to provide a
softer start-up to devices being hot-plugged into a powered system. The UVLO feature of the AP21410 / AP21510 also ensures that the switch is
off after the card has been removed, and that the switch is off during the next insertion.

By placing the AP21410 / AP21510 between the Vcc input and the rest of the circuitry, the input power reaches these devices first after insertion.
The typical rise time of the switch is approximately 1ms, providing a slow voltage ramp at the output of the device. This implementation controls
system surge current and provides a hot-plugging mechanism for any device.

Dual-Purpose Port Applications

AP21410/AP21510 is suitable for use in dual-purpose port applications in which a single port is used for data communication between the host and
peripheral devices while simultaneously maintaining a charge to the battery of the peripheral device. An example of this is a shared HDMI/MHL
(Mobile High-definition Link) port that allows streaming video between an HDTV or set-top box and a smartphone or tablet while maintaining a
charge to the smartphone or tablet battery. In such dual-purpose port applications, it is important to insure Vin of the AP21410/AP21510 is ramped
to its operating voltage prior to enabling the output.

No Output Capacitor Applications
For certain ications, no output itor is
by output accidently short to ground.

d. It is recommended to add a schottky diode at the output pin to prevent the device damaged

Note: All previous Typical Performance Characteristics charts marked C,=0pF have the schottky diode added.

Power Supply
2.7V to 5.5V

IN OuT] : Load
o+

10pFI°-1FF AP21510 Baz04

s — o |

@
z
o

||}—

Figure 3. No Output Capacitor Application
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Ordering Information (Note 7)

L

Packing

Enable Package

4: Active Low  FM: U-DFN2018-6 7 : 7" Tape & Reel

5: Active High
7” Tape and Reel
Part Number Package Code P
Quantity Part Number Suffix
AP21410FM-7 FM U-DFN2018-6 3,000/Tape & Reel -7
AP21510FM-7 M U-DFN2018-6 3,000/Tape & Reel -7

Note: 7. For packaging details, go to our website at http://www.diodes.com/products/packages.html.

Marking Information

(1) U-DFN2018-6

(Top View)
XX : Identification Code
XX Y : Year: 0~9
W : Week : A~Z : 1~26 week;

YWX
. a~z : 27~52 week; z represents
52 and 53 week
X : Internal Code
Device Package Type Identification Code
AP21410FM U-DFN2018-6 GA
AP21510FM U-DFN2018-6 GP

12 of 14
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Package Outline Dimensions (Al dimensions in mm.)
Please see AP02002 at http://www.diodes.com/datasheets/ap02002.pdf for the latest version.
(1) Package Type: U-DFN2018-6
T A3
A U-DFN2018-6
SEATING PLANE Dim | Min | Max [ Typ
A 10.545(0.605|0.575
& A1 | 0 |0.05][0.02
Pin#1 1D — D A3 | — | — |013
— b _[0.15]025]0.20
N 11y D [1.750[1.875] 1.80
[H I HEH D2 | 1.30 ] 1.50 | 1.40
v, e — — [0.50
E [1.952.075] 2.00
E A= E2 E2 [0.90]1.10 [ 1.00
‘ L 10.20/0.30]0.25
z — | — ]0.30
0m Mk Al D in mm
T
N
Suggested Pad Layout
Please see AP02001 at http://www.diodes.com/datasheets/ap02001.pdf for the latest version.
(1) Package Type: U-DFN2018-6
X C
>
M ]
D Value (in mm)
[ 0.50
G 0.20
Y1 | pemememrmimens o - X 0.25
X1 1.60
3 Y 0.35
[j n —FG Y1 1.20
X1
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and inative format by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2015, Diodes Incorporated

www.diodes.com
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2A SINGLE CHANNEL CURRENT-LIMITED POWER SWITCH

Description

Pin Assignments

The AP2101 and AP2111 are integrated high-side power switches
optimized for Universal Serial Bus (USB) and other hot-swap
applications. The family of devices complies with USB 2.0 and
available with both polarities of Enable input. They offer current and
thermal limiting and short circuit protection as well as controlled rise
time, under-voltage lockout and auto-discharge functionalities. A
7ms deglitch capability on the open-drain Flag output prevents false
over-current reporting and does not require any external components.

All devices are available in SO-8 and MSOP-8EP packages.

Features

*  Single USB port power switches with auto-discharge

e Short-circuit current and thermal protection

e 2.45A accurate current limiting

«  Fast transient response time: 5us

*  90mQ on-resistance

«  Reverse Current Blocking

* Input voltage range: 2.7V - 5.5V

e 0.6ms typical rise time

*  Very low shutdown current: 1pA (max)

*  Fault report (FLG) with blanking time (7ms typ)

. ESD protection: 4kV HBM, 300V MM

*  Active low (AP2101) or active high (AP2111) enable

*  Ambient temperature range: -35°C to 85°C

. SO-8 and MSOP-8EP (Exposed Pad): Available in “Green”
Molding Compound (No Br, Sb)
* Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2)
= Halogen and Antimony Free. “Green” Device (Note 3)

* UL Recognized, File Number E322375

. IEC60950-1 CB Scheme Certified

Notes: 1. EU Directive 2002/95/EC (RoHS) & 2011/65/EU (RoHS 2)

( Top View )
ono[1]® [E]ne
IN [2] [7] out
N 3] 6] out
EN [3 [5] FLG
S0-8
( Top View)
eND ] B NC
IN =] 71 out
IN 51 out
EN ] 51 FLG
MSOP-8EP

Applications

e  Consumer electronics — LCD TV & Monitor, Game Machines
Communications — Set-Top-Box, GPS, Smartphone
«  Computing — Laptop, Desktop, Servers, Printers, Docking Station,

HUB

Al RoHS i applied.

2. See http://www.diodes.com for more information about Diodes Incorporated's definitions of Halogen- and Antimony-free, "Green" and Lead-free.
3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chiorine (<1500ppm total Br + Cl) and

<1000ppm antimony compounds.

Typical Applications Circuit

AP2111 Enable Active High

Power N Mﬂ
27Vt055V 1L 1 ;
310k YMIO-WF I°~‘UF ImuF
FLG
EN  GND
ON
wf L
AP2101/AP2111 10f14
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Available Options
Enable Pin Current Limit Recommended Maximum
Part Number Channel (EN) (Typical) Ciid Load Current
AP2101 1 Active Low 2.45A 2.0A
AP2111 1 Active High 2.45A 2.0A
Pin Descriptions
Pin Pin Numbier Functions
Name S0-8 MSOP-8EP
GND 1 1 Ground
IN 2,3 2,3 Voltage input pin (all IN pins must be tied together externally)
EN 4 4 Enable input, active low (AP2101) or active high (AP2111)
FLG 5 5 Over-current and over-temperature fault report; open-drain flag is active low when triggered
ouT 6,7 6,7 Voltage output pin (all OUT pins must be tied together externally)
NC 8 8 No internal connection; recommend tie to OUT pins
Exposed pad.
Exposed tab — Exposed tab | It should be connected to GND and thermal mass for enhanced thermal impedance.
It should not be used as electrical ground conduction path.

Functional Block Diagram

I out

Absolute Maximum Ratings (@7 = +25°C, unless otherwise specified.)

Symbol P Ratings Units
ESD HBM Human Body Model ESD Protection 4 kv
ESD MM Machine Model ESD Protection 300 \4
Vin Input Voltage 6.5 A\
Vout Output Voltage Vin +0.3 \%
Ven , VFie Enable Voltage 6.5 \%
ILoAD Maximum Continuous Load Current Internal Limited A
Tymax) Maximum Junction Temperature 150 °C
Tsr Storage Temperature Range (Note 4) -65 to +150 '
Caution: ~ Stresses greater than the ' d Ratings’ i above, may cause permanent damage to the device. These are stress ratings only;
functional operation of the device at these or any other ti ing those indi in this ification is not implied. Device reliability may be
affected by exps to absolute i rating i for periods of time.
Semiconductor devices are ESD sensitive and may be damaged by exposure to ESD events. Suitable ESD precautions should be taken when handling
and transporting these devices
Note: 4. UL Recognized Rating from -30°C to 70°C (Diodes qualified Ts from -65°C to 150°C)
AP2101/AP2111 20f14 January 2013
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Recommended Operating Conditions @tx = +25°C, unless otherwise specified.)
Symbol Parameter Min Max Units
Vin Input voltage 2.7 55 A\
lout Output Current 0 2.0 A
Ta Operating Ambient Temperature -35 85 e
ViL EN Input Logic Low Voltage 0 0.8 \Y
ViH EN Input Logic High Voltage 2 Vin Vv
Electrical Characteristics @1 = +25°C, Viy = +5.0V, unless otherwise specified.)

Symbol Parameter Test Conditions (Note 5) Min Typ Max Unit
Vuvio  [Input UVLO Rioap = 1kQ 16 19 25 \4
IsHoN Input Shutdown Current Disabled, lout=0 0.5 1 A

la Input Quiescent Current Enabled, loyt=0 45 70 HA
ILeak Input Leakage Current Disabled, OUT grounded 1 PA
Irev Reverse Leakage Current Disabled, Vin = 0V, Vour = 5V, Irev at Vin 0.05 pA
E— |msops-EP 90 [ 115
Rps(on)  [Switch On-Resistance Vi=8Vs dour=1L5A 508 % i
-40°C < Ta< +85°C 140 mQ
Ta=25°C 115 140
Vin = 3.3V, lout= 1.5A 40°C < Tas +85°C 70
lumt  |Over-Load Current Limit Vin = 5V, Vour = 4.5V, CL=120pF 21 245 | 28 A
ltriG Current Limiting Trigger Threshold |Output Current Slew rate (<100A/s) , CL = 100pF 25 A
IstorT  |Short-Circuit Current Limit Enabled into short circuit, C, = 100pF 25 A
TsHort |Short-Circuit Response Time Vout = 0V to lout = lumiT (short applied to output) 5 us
Vi EN Input Logic Low Voltage Vin = 2.7V to 5.5V 0.8 A\
ViH EN Input Logic High Voltage Vin= 2.7V to 5.5V 2 \"
lsnk  |EN Input leakage Ven = 5V 1 BA
Tpon)  |Output Turn-On Delay Time CL= 1pF, Rioap = 10Q 50 us
TR Output Turn-On Rise Time CL= 14F, Rioap= 10Q 0.6 15 ms
Toorr)  |Output Turn-Off Delay Time C = 1pF, Rioan = 10Q 4 us
Tr Output Turn-Off Fall Time CL= 1pF, Rioap = 10Q 0.03 0.1 ms
ReiG FLG Output FET On-Resistance IFLg =10mA, C =100pF 20 40 Q

Tewank  |FLG Blanking Time Cin= 10pF, CL = 100pF 4 7 15 ms
Rois Discharge Resistance (Note 6) Vin = 5V, disabled, loyt= 1mA 290 Q
Tsvon | Thermal Shutdown Threshold Enabled, R oap = 1kQ 140 °C
THys Thermal Shutdown Hysteresis 25 °C

5n Thermal Resistance Junction-to- SO-8 (Note 7) 110 °CW
Ambient MSOP-8EP (Note 8) 60 °CIW
Notes: 5. Pulse-testing junction close to ambient temperature; thermal effects must be taken into account separately.
6. The discharge function is active when the device is disabled (when enable is de-asserted). The discharge function offers a resistive discharge path for
the external storage capacitor. This is suitable only to discharge filter capacitors for limited time and cannot dissipate steady state currents greater than
T ?’re'sv-(\}:onditiun for SO-8: Device mounted on FR-4, 20z copper, with minimum recommended pad layout.
8. Test condition for MSOP-8EP: Device mounted on 2" x 2" FR-4 substrate PC board, 20z copper, with minimum recommended pad on top layer and
thermal vias to bottom layer ground plane.
AP2101/AP2111 3of 14 January 2013
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Typical Performance Characteristics

Ven 50% 50%, Ven 50% 50%

Vou-r ' |
10% 10%

g
g
_ve_
N
§
g §§
S
ity
§
&

Figure 1. Voltage Waveforms: AP2101 (left), AP2111 (right)

All Enable Plots are for AP2111 Active High

Turn-On Delay and Rise Time Turn-Off Delay and Fall Time
—_—
‘'en Ven
SVidiv S5Vidiv
Vout Vout
2Vidiv 2Vidiv CL=1uF
CL=14F . . TA=25C
TA=+25'C RL =50
R =50 “ - .
400ps/div ’ 400ps/div
Turn-On Delay and Rise Time Turn-Off Delay and Fall Time
Ven Ven
5Vidiv 5Vidiv
Vout Vout
2Vidiv idv CL = 100uF
- TA=+25C
Er RL =50
TA=+25°C
RL=50 »
400ps/div ’ 400ps/div
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Typical Performance Characteristics (cont)

Short Circuit Current,

Device Enabled Into Short Inrush Current

Ven Ven

5Vidiv 5Vidiv '
J— / — —— -
[ 7
C,=1004F
C.=4704F
- C=2204F Vi=5V
ik VIN =5V 220y Ta= +25°C
500mA/div TA=+25°C R.=250
CL = 1004F
»
500us/div 1ms/div

0.6 Q Load Connected to Enabled Device Short Circuit with Blanking Time and Recovery

Document number: DS32015 Rev. 3 -2

www.diodes.com

VIN=5V VIN =5V
TA=H5C ey TA=+25°C
Viiag CL = 100pF 5V/div CL = 1004F
5Vidiv mtm—
'
———NPPONDDDDDD DDA J
Vilag
5V/div
out Jout L A A
1A/div 2A/div
CEE— B
2ms/div’ " 50ms/div
Power On Power Off
TA=+25°C
Vfiag CL = 100pF
5Vidi Vflag e
- 5Vidiv B =250
lout
1A/div
Tout
1A/div
¥ \
Vin ) / .l Vin L .l
[ T — 0 VUM,
Vout / I Vout \
5Vidiv / Ta=250 5Vidiv
CL = 100pF
RL=250
1ms/div 10ms/div
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Typical Performance Characteristics (cont)

Device Enabled Device Disabled
m 5Vidiv VIN =5V
5Vidiv TA=+25C
VIN =5V lout CL = 100pF
fout TA=425°C e RL=250
A CL = 100pF
RL =250 v 7
Ven
5Vidiv Ven '
*' sviaw ¢
9 "V
Vout Vout
S\idiv. W 5Vidiv
1ms/div 1ms/div
UVLO Increasing UVLO Decreasing
TA=+25C
CL = 100pF
RL =250
Vin .
2Vidiv
lout = 428 lout
" TA=+25C v
Cr = 100pF \
RL=250Q o | -
1ms/div ’ 10ms/div
Turn-On Time vs Input Voltage Tum-Off Time vs Input Voltage
850 55 I ]
750 — 50 CL=1yF —
% // . \ RL =100
2850, 24 Ta=425C
z =1 £ I~
550 ] Fa
5 3 ~
£ 450 € ~
2 CL=14F -
o RL =100 %
Ta=4+25C
20 R— 2
15 2 25 3 35 4 45 5 55 6 15 2 25 3 35 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
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Typical Performance Characteristics (cont)

Rise Time vs Input Voltage Fall Time vs Input Voltage

2 ol

& i
/

/ CL=1yF 21 / CL=1pF —
/ RL =100 R =100
Ta=+25°C 2 Ta=428°C —

/

Fall Time (us)
1N

Rise Time (us)
8 8 &5 8 8 8 &8

2 25 3 as 4 45 5 55 6 2 25 3 35 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
Supply Current, Output Enabled vs Ambient Temperature Supply Current, Output Disabled vs Ambient Temperature

8
o
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Vin=5.0V /
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o
®

e
1

L\ =7
LN N=] ]

Vin=5.0V Vin=3.3V
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o @
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\
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Supply Current, Output Disabled (uA)
)
o

Supply Current, Output Enabled (uA)

N
°
°
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Ambient Temperature (°C) Ambient Temperature (°C)
Static Drain-Source On-State Resistance vs Ambient Short-Circuit Output Current vs Ambient Temperature
Temperature
270
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\
/
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Static Drain-Source On-State
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Short-Circuit Output Current (A)
»
8
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e
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/
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Typical Performance Characteristics (cont)

Undervoltage Lockout vs Ambient Temperature Threshold Trip Current vs Input Voltage
215 324
a2
210 <
% UVLO Rising i
e
g 205 538
s [}
8 23, -1
£ 200 B Ta=+25C |
g 2 CL = 68yF
s UVLO Falling ]
2 312
S 185 — { £
310 +—~
190 308
60 -0 20 0 20 40 60 80 100 28 33 38 43 48 53
Ambient Temperature (°C) Input Voltage (V)
Current Limit Response vs Peak Current
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5
0
0 2 4 6 8 10 12
Peak Current (A)
AP2101/AP2111 8of14 January 2013

Document number: DS32015 Rev. 3 -2 www.diodes.com © Diodes Incorporated



Issue Date: 2024-07-24 Page 114 of 252 Report Reference # E322375-A6029-CB-1

Enclosures

Manuals ID 06-05

imcomrsomAaTED AP2101/AP2111

Application Information

Power Supply Considerations

A 0.1-pF to 1-pF X7R or X5R ceramic bypass capacitor between IN and GND, close to the device, is recommended. Placing a high-value
electrolytic capacitor on the input (10-uF minimum) and output pin(s) is recommended when the output load is heavy. This precaution reduces
power-supply transients that may cause ringing on the input. Additionally, bypassing the output with a 0.01-pF to 0.1-puF ceramic capacitor
improves the immunity of the device to short-circuit transients.

Over-Current and Short Circuit Protection

An internal sensing FET is employed to check for over-current conditions. Unlike current-sense resistors, sense FETs do not increase the series
resistance of the current path. When an overcurrent condition is the device maintains a constant output current and reduces the output
voltage accordingly. Complete shutdown occurs only if the fault stays long enough to activate thermal limiting.

Three possible overload conditions can occur. In the first condition, the output has been shorted to GND before the device is enabled or before
VIN has been applied. The AP2101/AP2111 senses the short circuit and immediately clamps output current to a certain safe level namely Iy .

In the second condition, an output short or an overload occurs while the device is enabled. At the instance the overload occurs, higher current
may flow for a very short period of time before the current limit function can react. After the current limit function has tripped (reached the over-
current trip threshold), the device switches into current limiting mode and the current is clamped at lumit.

In the third condition, the load has been gradually increased beyond the recommended operating current. The current is permitted to rise until the
current-limit threshold (ltrig) is reached or until the thermal limit of the device is exceeded. The AP2101/AP2111 is capable of delivering current
up to the current-limit threshold without damaging the device. Once the threshold has been reached, the device switches into its current limiting
mode and is set at lmiT.

To protect against short circuit to GND at extremely low temperature (< -30°C), a minimum 120-pF electrolytic capacitor on the output pin is
recommended. A correct capacitor type with capacitor voltage rating and temperature characteristics must be properly chosen so that
capacitance value does not drop too low at the extremely low temperature operation. A recommended capacitor should have temperature
characteristics of less than 10% variation of capacitance change when operated at extremely low temp. Our recommended aluminum electrolytic
capacitor type is Panasonic FC series.

At low input voltage condition (Vin < 3V), the short circuit protection current may rise as high as twice the typical value.

FLG Response

When an over-current or over-temperature shutdown condition is encountered, the FLG open-drain output goes active low after a nominal 7-ms
deglitch timeout. The FLG output remains low until both over-current and over-temperature conditions are removed. Connecting a heavy
capacitive load to the output of the device can cause a momentary over-current condition, which does not trigger the FLG due to the 7-ms deglitch
timeout. The AP2101/AP2111 is designed to eliminate false over-current reporting without the need of external components to remove unwanted
pulses.

Power Dissipation and J ion Temperature
The low on-resistance of the internal MOSFET allows the small surface-mount packages to pass large current. Using the maximum operating
ambient temperature (Ta) and Rps(on), the power dissipation can be calculated by:

Pp = Rosion* I
Finally, calculate the junction temperature:
Ty=PpXxRga+Ta
Where:
Ta= Ambient temperature °C
Rgua = Thermal resistance

Pp = Total power dissipation

AP2101/AP2111 9of 14 January 2013
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Application Information (cont)

Thermal Protection

Thermal protection prevents the IC from damage when heavy-overload or short-circuit faults are present for extended periods of time. The

AP2101/AP2111 implements a thermal sensing to monitor the operating junction temperature of the power distribution switch. Once the die
p rises to approxi y 140°C due to excessive power dissipation in an over-current or short-circuit condition the internal thermal

sense circuitry turns the power switch off, thus preventing the power switch from damage. Hysteresis is built into the thermal sense circuit allowing

the device to cool down approximately 25°C before the switch turns back on. The switch continues to cycle in this manner until the load fault or

input power is removed. The FLG open-drain output is asserted when an over-temperature shutdown or over-current occurs with 7-ms deglitch.

Under-Voltage Lockout (UVLO)

Under-voltage lockout function (UVLO) keeps the internal power switch from being turned on until the power supply has reached at least 1.9V,
even if the switch is enabled. Whenever the input voltage falls below approximately 1.9V, the power switch is quickly turned off. This facilitates the
design of hot-insertion systems where it is not possible to turn off the power switch before input power is removed.

Host/Self-Powered HUBs

Hosts and self-powered hubs (SPH) have a local power supply that powers the embedded functions and the downstream ports. This power supply
must provide from 5.25V to 4.75V to the board side of the downstream connection under both full-load and no-load conditions. Hosts and SPHs
are required to have current-limit protection and must report over-current conditions to the USB controller. Typical SPHs are desktop PCs,
monitors, printers, and stand-alone hubs.

Generic Hot-Plug Applications

In many ications it may be r y to remove modules or pc boards while the main unit is still operating. These are considered hot-plug
applications. Such implementations require the control of current surges seen by the main power supply and the card being inserted. The most
effective way to control these surges is to limit and slowly ramp the current and voltage being applied to the card, similar to the way in which a
power supply normally turns on. Due to the controlled rise times and fall times of the AP2101/AP2111, these devices can be used to provide a
softer start-up to devices being hot-plugged into a powered system. The UVLO feature of the AP2101/AP2111 also ensures that the switch is off
after the card has been removed, and that the switch is off during the next insertion.

By placing the AP2101/AP2111 between the VCC input and the rest of the circuitry, the input power reaches these devices first after insertion.
The typical rise time of the switch is approximately 1ms, providing a slow voltage ramp at the output of the device. This implementation controls
system surge current and provides a hot-plugging mechanism for any device.
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Part Numbe Pack Coid 13” Tape and Reel
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+—» 1:1 Channel
YY : Year: 08, 09,10~
WW : Week : 01~52; 52
represents 52 and 53 week
X : Internal Code

—» G : Green

7 : Active High YY WW X X
. ]
i 2 [ W4
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Package Outline Dimensions (Al dimensions in mm.)

Please see AP02002 at http://www.diodes.com/datasheets/ap02002.pdf for latest version.

S0-8
(1) so-8 Dim Min Max
A 1.75

HHHE A2 T30 [ is0

A3 0.15 0.25
3 b 03 0.5
E1 E P D 485 | 495
E 5.90 6.10
E1 3.85 3.95
e 1.27 Typ
h - 0.35
L 0.62 0.82

[:] 0° 8°
All Dimensions in mm

(2) MSOP-8EP

MSOP-8EP
Dim | Min | Max | Typ
1.10

D
Locked) — ]
QOOMT 00 e AR

e A3 | 0.29 | 0.49 | 0.39

x ‘ Q b_|0.22 [ 0.38 | 0.30

i E e2| 41— +— S c | 008]023]015
o l Gauge Plane D | 290 | 3.10 | 3.00
y [, Seating Ptane D1 | 1.60 | 2.00 | 1.80
i J N E | 470510 | 490
L UUJ o HI_I U E1_|2.90 | 3.10 | 3.00

el ' |l 8xb E2 [ 1.30 | 1.70 | 1.50

_ E3 . E3 | 285305295
| A1 A3 L 21\ e | - | - [065
A ( rm—— P [ — \.[® L | 040|080 060
EI[\ 7 L o a 0° 8° 4°
o L &1 N x | - | - [07%0
/ ‘ y - - [0.750
See Detail C Al Di inmm
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Suggested Pad Layout

Please see AP02001 at http://www.diodes.com/datasheets/ap02001.pdf for the latest version.

(1) so-8

R
[

Dim i Value (in mm)
X 0.60
Y 1.55
_|_ c1 54
C2 1.27
Cc2
ol
(2) MSOP-8-EP
>‘ XI<—— c .
1
'G i ¥ Dimensions (i\"\a:;]
e — [ 0.650
i | G 0.450
| X 0.450
Y2 Y1 X1 2.000
<Xy Y 1.350
Y1 1.700
I] m m |::| Y2 5.300
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and determinative format released by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or systt are devi or sy which:

1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2013, Diodes Incorporated

www.diodes.com
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Lead-free Green

Report Reference #

E322375-A6029-CB-1

AP2141D/ AP2151D

0.5 SINGLE CHANNEL CURRENT-LIMITED

POWER SWITCH WITH OUTPUT DISCHARGE

Description

Pin Assignments

The AP2141D and AP2151D are integrated high-side power switches

optimized for Universal Serial Bus (USB) and other hot-swap

(Top View)

applications. The family of devices complies with USB 2.0 and is
available with both polarities of Enable input. They offer current and
thermal limiting and short circuit protection as well as controlled rise
time and undervoltage lockout functionality. A 7ms deglitch capability
on the open-drain Flag output prevents false over-current reporting and
does not require any external components.

All devices are available in SOT25, SO-8, MSOP-8EP, and
U-DFN2018-6 packages.

Features

* Single USB Port Power Switches with Output Discharge

*  Over-Current and Thermal Protection

* 0.8A Accurate Current Limiting

e Fast Transient Response

* Reverse Current Blocking

* 90mQ On-Resistance

* Input Voltage Range: 2.7V - 5.5V

* 0.6ms Typical Rise Time

¢ Very Low Shutdown Current: 1pA (max)

*  Fault Report (FLG) with Blanking Time (7ms typ)

e ESD Protection: 4kV HBM, 300V MM

* Active High (AP2151D) or Active Low (AP2141D) enable

*  Ambient Temperature Range -40°C to +85°C

e SOT25, SO-8, MSOP-8EP (Exposed Pad), and U-DFN2018-6:
Available in “Green” Molding Compound (No Br, Sb)

* Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2)

* Halogen and Antimony Free. “Green” Device (Note 3)

* 15kV ESD Protection per IEC 61000-4-2 (with external
capacitance)

* UL Recognized, File Number E322375

IEC60950-1 CB Scheme Certified

Applications

Notes:

AP2141D/ AP2151D
Document number: DS32242 Rev. 6 - 2

oo [1] ®
w 2]
w[3]
en[4]

(8] NC

7] out
(6] out
5] Fia

SO-8
(Top View)
eno [ 8] NC
IN 2] 7 Jour
N ] &1 out
EN 2] 51 FLG
MSOP-8EP

Note: Latter with Exposed Pad

(Dotted Line)

ouTt 1

aNo [T2]

FLe (T3]

(Top View)

5] IN

] e

SOT25
(Top View)
onD [ o out
IN 2] [F ouTt
Consumer Electronics — LCD TVs & Monitors, Game Machines EN O ,,,,,,,,,,,, & FLG
Communications — Set-Top-Boxes, GPS, Smartphones U-DFN2018-6

Computing — Laptops, Desktops, Servers, Printers, Docking
Stations, HUBs

1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS) & 2011/65/EU (RoHS 2) compliant.

2. See http://www.diodes.com/quality/lead_free.html for more information about Diodes Incorporated's definitions of Halogen- and Antimony-free, "Green™

and Lead-free.

3. Halogen- and Antimony-free "Green"” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + Cl) and

<1000ppm antimony compounds.

10of18
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Typical Applications Circuit

AP2151D Enable Active High

Power Supply IN ouT Load
2.7V10 5.5V 1L 1 1 L
>
310k T"“FT""‘F T’ e l 120uF
FLG
ON
—jEN  GND
OFF J_
< Current Limit Recommended Maximum
Part Number Channel Enable Pin (EN) (Typical) Continuous Load Current
AP2141D 1 Active Low 0.8A 0.5A
AP2151D 1 Active High 0.8A 0.5A
Pin Descriptions
Pin Pin Number
Name | SO8 | MSOPSEP | SOT25 | U-DFN2018-6 Descriptions
GND 1 1 2 1 Ground
IN 2,3 2,3 5 2 Voltage Input Pin. (all IN pins must be tied together externally)
EN 4 4 4 3 Enable Input, active low (AP2141D) or active high (AP2151D).
Over-current and over-temperature fault report; open-drain flag is active low when
FLG 5 5 3 4 i
riggered.
ouT 6,7 6,7 1 5,6 Voltage Output Pin (all OUT pins must be tied together externally).
NC 8 8 N/A N/A No Internal Connection; recommend tie to OUT pins.
Exposed pad. Internally connected to GND.
It should be externally connected to GND and thermal mass for enhanced
Exposed tab N Exposed tab B Exposedtab |y 0ma) impedance.
It should not be used as electrical ground conduction path.
AP2141D/ AP2151D 20f18 March 2015
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Functional Block Diagram

Current ~
- gL
uvLoO Discharge
Control
;» s Current
Driver A =
EN
| I Limit FLG
A
Tharmal $ Deglitch 4,:3

Sense

L GND
Absolute Maximum Ratings (@Ta = +25°C, unless otherwise specified.)
Symbol Parameter Ratings Units
HBM Human Body Model ESD Protection 4 kV
MM Machine Model ESD Protection 300 A
ESD Surges per EN61000-4-2. 1999 applied to Air 15 KV
IEC System | output terminals of EVM (Note 5)
Level Surges per EN61000-4-2. 1999 applied to
output terminals of EVM (Note 5) Contact 8 kY
Vin Input Voltage 6.5 Vv
Vour Output Voltage Vin +0.3 "
Ven, Vrg Enable Voltage 6.5 \
ILoap Maximum Continuous Load Current Internal Limited A
Tymax) Maximum Junction Temperature +150 C
Tst Storage Temperature Range (Note 4) -65 to +150 C
Caution: ~ Stresses greater than the Maxi Ratings’ ified above, may cause permanent damage to the device. These are stress ratings only;
functional operation of the device at these or any other i ing those in this ion is not implied. Device reliability may be
affected by exp to absolute i rating periods of time.

Semiconductor devices are ESD sensitive and may be damaged by exposure to ESD events. Suitable ESD precautions should be taken when handiing
and transporting these devices

Notes: 4. UL Recognized Rating from -30°C to +70°C (Diodes qualified Tsr from -65°C to +150°C)

5. External capacitors need to be connected to the output, EVM board was tested with capacitor 2.2pF 50V 0805.
This level is a pass test only and not a limit.

Recommended Operating Conditions (@7 = +25<C, unless otherwise specified.)

Symbol Parameter Min Max Unit
Vin Input Voltage 2.7 55 v
lout Output Current 0 500 mA
Ta Operating Ambient Temperature -40 +85 °C
ViH High-Level Input Voltage on EN or EN 2.0 Vin v
ViL Low-Level Input Voltage on EN or EN 0 0.8
AP2141D/ AP2151D 3of 18 March 2015
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Electrical Characteristics @7a = +25:C, iy = +5V, unless otherwise specified.)

Symbol Parameter Test Conditions Min Typ Max Unit
Vyvio |Input UVLO — 1.6 19 25 A
Isipn  |Input Shutdown Current Disabled, lout = 0 — 0.5 1 HA

la Input Quiescent Current Enabled, lour =0 — 45 70 HA
I eAk Input Leakage Current Disabled, OUT grounded = 0.1 1 HA
Irev Reverse Leakage Current Disabled, Vin = 0V, Vout = 5V, Irev at Vin — 0.1 1 HA
SOT25, MSOP-8, _ %5 115
Vi = 5V, Ta=+25°C |MSOP-8EP, SO-8
lout = 0.5A U-DFN2018-6 — 90 110
Ros(on)  [Switch On-Resistance 40°C < Ta< +85°C — _ 140 mQ
Vin=3.3V, lour= |Ta=+25C — 120 140
054 -40°C < Ta< +85°C — —_ 170
IshorT  |Short-Circuit Current Limit Enabled into short circuit, Cp = 22uF _ 0.6 - A
lumr  |Over-Load Current Limit Vin =5V, Vout = 4.0V, CL = 120pF, -40°C < Tas +85°C 0.6 0.8 1.0 A
lrric  |Current Limiting Trigger Threshold [Output Current Slew Rate (<100A/s) , Cp = 22uF — 1.0 — A
sk |EN Input Leakage Ven =5V = - 1 pA
toon)  |Output Turn-On Delay Time CL = 1uF, RLoap = 10Q — 0.05 — ms
tR Output Turn-On Rise Time CL = 1uF, RLoap = 10Q = 0.6 1.5 ms
tojorr)  |Output Turn-Off Delay Time CL = 1uF, RLoap = 10Q = 0.05 —_ ms
tF Output Turn-Off Fall Time CL = 1uF, RLoap = 10Q - 0.05 0.1 ms
RriLG FLG Output FET On-Resistance [lg g =10mA = 20 40 Q
tatank  |FLG Blanking Time Cin = 10pF, C = 22uF 4 7 15 ms
Rois Discharge Resistance (Note 6) Vin = 5V, disabled, lout = 1TmA = 100 —_ Q
tois Discharge Time CL=1uF, Vin = 5V, disabled to Vour < 0.5V — 0.6 = ms
Tson  |Thermal Shutdown Threshold Enabled, RLoap = 1kQ — 140 = C
Thys |Thermal Shutdown Hysteresis — — 25 — °C
SOT25 (Note 7) = 170 =
Thermal R J ion-to- |SO-8 (Note 7) — 127 =
o |ambient N MSOP-8EP (Note 8) = 67 = =
U-DFN2018-6 (Note 8) — 70 —

Notes: 6. The discharge function is active when the device is disabled (when enable is de-asserted). The discharge function offers a resistive discharge path
for the external storage capacitor.
7. Device mounted on FR-4 substrate PCB, 20z copper, with minimum recommended pad layout.
8. Device mounted on 2" x 2" FR-4 substrate PCB, 20z copper, with minimum recommended pad on top layer and thermal vias to bottom layer ground
plane.

AP2141D/ AP2151D 40f18 March 2015
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Typical Performance Characteristics

oTR! Torp) TR 1 ToFn)
| e ~™ T [ T
Hoyone| | > Mool L >
1Ny 90% 90% | 1XON)y 90% 90% |
Vour ' | | Vour ' | |
10% 10% 10% 10%

Figure 1 Voltage Waveforms: AP2141D (left), AP2151D (right)

All Enable Plots are for AP2151D Active High

Turn-On Delay and Rise Time

Turn-Off Delay and Fall Time

VEN
5V/div
Ven
5V/div
Vour
2V/div CL=1uF
TA=+25C
CL=1uF RL =100
Ta=425C
Vour RL=10Q
2V/div
- 3
100ps/div 100ps/div
Turn-On Delay and Rise Time Turn-Off Delay and Fall Time
VEN
5Vidiv
VEN |
5V/div
Vout CL=120pF
2V/div TA=1+25C
RL=100
CL=120uF
Ta=+25C
Vout RL=100
2V/div
500us/div 500ps/div
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AP2141D/ AP2151D

Typical Performance Characteristics (continued)

Short Circuit Current, Device Enabled Into Short

Short Circuit with Blanking Time and Recovery

Vout
5V/div
VEN \
5V/div
VFLAG
5V/div }
J t
i VIN=5V VIN=5V
lZ%%InA/div g i lout ‘s e (T:A : ;:5;0
CL = 22yF 1A/div : e
» AT T RIS e w-v‘
100s/div - 20ms/div
3Q Load Connected to Enabled Device 2Q Load Connected to Enabled Device
VFLAG
2V/div ViN=5V
Ta=+25C
VFLAG
2V/div Vin=5V CL=22yF |,
TA=+25C | N
CL=22yF |, P
‘_'p \
ETESRSRE o # “
lour S00mAIdiv |
500mA/div I
1ms/div 1ms/div
Power On Power Off
Ta=+25C
CL = 120uF
VFLAG
A : RL=10Q VFLAG
5V/div f _-L L SVidiv
i / Ta=+25C \
200mAdiv | Ci=1204F \ Tout
RL=100 - 200mA/div
VEN
5Vidiv / i
: P rn:
/ ! \ 5Vidiv
'y
Vout { Vout
5V/div i ] 5Vidiv
2ms/div 2ms/div
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Typical Performance Characteristics (cont)
UVLO Increasing UVLO Decreasing
i TA=+2C i ! TA=+25C
; CL=22F Vi CL=224F
RL=10Q 2V/div T 2
=] — { L=10Q
VIN L
2V/div lout
200mA/div
lout
200mA/div
2ms/div . 20ms/div
Discharge Time
No Load Resistance Inrush Current
Vourt | Ta=+25C {
2V/div CL=470pF ViN=5V \ \
- { No Load \g CL = 680yF
Resistance
/
f CL = 220uF VIN =5V
/ Ta=+25C
. . Iin +————CL = 100sF © RL=100
= ! 200mAidiv { !
VENn CL = 22uF ! e = s s St ) o
2V/div
e Ven ? 1
5V/div
J &
i 100ms/div "~ ims/div
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Typical Performance Characteristics (cont)
Turn-On Time vs Input Volitage Turn-Off Time vs Input Voltage
800 3
00; 31
600 e
g i
E 500 E = CpL=1yF
F 400 L RL=10Q
) OL=1pF §= TA=+25C  —
£ 300 e RL=10Q £ \ A=+
P Ta=+25C RS
100 \ ’ >
0 2
15 2 25 3 35 4 45 5 55 6 15 2 25 3 35 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
Rise Time vs Input Voltage Fall Time vs Input Voltage
600 2
500 2
g “ E N CL=1yF
2 CL=1yF L ]
E RL = 100 E - RL=10Q
& TA=425C | 2. TA=+25C |
100 20 ‘
° 19
15 2 25 3 35 4 45 5 55 6 15 2 25 3 35 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
Supply Current, Output Enabled vs Ambient Temperature Supply Current, Output Disabled vs Ambient Temperature
(3 1.60
= I VIN =5.5V
3 60 é 1.40 L] 55
H - Vin= 5.0V g
g Vi 5.5V é VIN=5.0V
B " i Vin = 3.3V >/
IN = 3.
AR oo
> N £ 0w
£ ViN= 27V E ViN=2.7V
S Vin=33V 5
§ & o204
@ @
a0 000
60 -40 20 0 20 40 60 80 100
Ambient Temperature (°C) Ambient Temperature (C)
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AP2141D/ AP2151D

Typical Performance Characteristics (cont)

Static Drain-Source On-State Resistance vs Ambient Short-Circuit Output Current vs Ambient Temperature
Temperature
710
= = ViN=3.3V
190 E 700
§ 180 Vin =33V E oo VIN=27V \ Vin =5V
g 1 vn=27v \ §
g € /( 360 f 1 P
g g 150 é 670
£3 S A 2 oo 7
g 3
S & 1% £ /
é: 120 //7' ‘é’ =
& S VIN=5.5V
110 & 50
ViN=5V
100 630
-0 -0 20 0 20 40 60 ) 100 0 40 20 0 20 0 60 80 100
Ambient Temperature (°C) Ambient Temperature (°C)
Undervoltage Lockout vs Ambient Temperature Threshold Trip Current vs Input Voltage
205 115
204 /
203 <1
g UVLO Rising <
5 202 ;-4
2 e
§ 201 s 113
200
2 " UVLO Falling e Ta=+25°C
g 1o 2 CL=22yF
BT E St
1.96
1.95 1.10
-60 -40 -20 o 20 40 80 80 100 28 33 38 43 48 53
Ambient Temperature (°C) Input Voltage (V)
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Application Information

The AP2141D and AP2151D are integrated high-side power switches optimized for Universal Serial Bus (USB) that require protection functions. The
power switches are equipped with a driver that controls the gate voltage and incorporates slew-rate limitation. This, along with the various protection
features and special functions, make these power switches ideal for hot-swap or hot-plug applications.

Protection Features:

Undervoltage Lockout (UVLO)

Undervoltage lockout function (UVLO) guarantees that the internal power switch is initially off during start-up. The UVLO functions only when the
switch is enabled. Even if the switch is enabled, the switch is not turned ON until the power supply has reached at least 1.9V. Whenever the input
voltage falls below approximately 1.9V, the power switch is turned off. This facilitates the design of hot-insertion systems where it is not possible to
turn off the power switch before input power is removed.

Over-Current and Short Circuit Protection

An internal sensing FET is employed to check for over-current conditions. Unlike current-sense resistors, sense FETs do not increase the series
resistance of the current path. When an overcurrent condition is detected, the device maintains a constant output current and reduces the output
voltage accordingly. Complete shutdown occurs only if the fault stays long enough to activate thermal limiting.

The different overload conditions and the corresponding response of the AP2141D/2151D are outlined below:

S.NO | Conditions Explanati Behavior of the AP2141D/2151D
Output is shorted before input e i .
1 Short circuit condition at start-up |voltage is applied or before the Ihr?elgl T::s::rg;ssha?: Icel ‘rlt:l:‘:nr:illn}medlately Clamps output
part is enabled y Y lumir.
At the instance the overload occurs, higher current may flow for
Short-Circuit or Overload conditi a very short period of time before the current limit function can
2 [Shomorcurorveraren ST Sreutor Oretosdconan gy
condition enabled After the current limit function has tripped (reached the over-
. current trip threshold), the device switches into current limiting
mode and the current is clamped at lLmiT.
Gradual increase from nominal  [Load increases gradually until the |1 € current rises until Iri or thermal limit. Once the threshold
3 operating current to lLmi current-limit threshold.(iraic) has been reached, the device switches into its current limiting
po : mode and is set at lumir.

Note that when the output has been shorted to GND at extremely low temperatures (< -20°C), a minimum 120 pF electrolytic capacitor on the output
pin is recommended. A correct capacitor type with capacitor voltage rating and temperature characteristics must be properly chosen so that
capacitance value does not drop too low at the extremely low temperature operation. A recommended capacitor should have temperature
characteristics of less than a 10% variation of capacitance change when operated at extremely low temperatures. Our recommended aluminum
electrolytic capacitor type is Panasonic FC series.

Thermal Protection

Thermal protection prevents the IC from damage when the die temp safe gins. This mainly occurs when heavy-overload or short-
circuit faults are present for extended periods of time. The AP2141D/AP2151D implements thermal sensing to monitor the operating junction
temperature of the power distribution switch. Once the die p Ire rises to appr 140°C, the Thermal protection feature gets activated
as follows: The internal thermal sense circuitry turns the power switch off and the FLG output is asserted thus preventing the power switch from
damage. Hysteresis in the thermal sense circuit allows the device to cool down to approximately 25°C before the output is turned back on. The built-
in thermal hysteresis feature avoids undesirable oscillations of the thermal protection circuit. The switch continues to cycle in this manner until the
load fault is removed, resulting in a pulsed output. The FLG open-drain output is asserted when an over-current occurs with 7-ms deglitch.

Reverse Current Protection

In a normal MOSFET switch, current can flow in reverse direction (from the output side to the input side) when the output side voltage is higher than
the input side, even when the switch is turned off. A reverse-current blocking feature is implemented in the AP21x1 series to prevent such back
currents. This circuit is activated by the difference between the output voltage and the input voltage. When the switch is disabled, this feature blocks
reverse current flow from the output back to the input.

10 of 18
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Application Information (continued)
Special Functions:

Discharge Function

When enable is de-asserted, the discharge function is active. The output capacitor is discharged through an internal NMOS that has a discharge
resistance of 100Q. Hence, the output voltage drops down to zero. The time taken for discharge is dependent on the RC time constant of the
resistance and the output capacitor.

FLG Response

The FLG open-drain output goes active low for any of the two conditions: Over-Current or Over-Temperature. The time from when a fault condition is
encountered to when the FLG output goes low is 7-ms (typ). The FLG output remains low until both over-current and over-temperature conditions are
removed. Connecting a heavy capacitive load to the output of the device can cause a momentary Over-current condition, which does not trigger the
FLG due to the 7-ms deglitch timeout. The 7-ms timeout is also applicable for Over-current recovery and Thermal recovery. The AP2141D/AP2151D
are designed to eliminate erroneous Over-current reporting without the need for external components, such as an RC delay network.

Power Supply Considerations

A 0.01-pF to 0.1-pF X7R or X5R ceramic bypass capacitor between IN and GND, close to the device, is recommended. This limits the input voltage
drop during line transients. Placing a high-value electrolytic capacitor on the input (10-uF minimum) and output pin(s) is recommended when the
output load is heavy. This precaution also reduces power-supply transients that may cause ringing on the input. Additionally, bypassing the output
with a 0.01-pF to 0.1-pF ceramic capacitor improves the immunity of the device to short-circuit transients. This capacitor also prevents the output
from going negative during turn-off due to inductive parasitics.

Power Dissipation and Junction Temperature
The low on-resistance of the internal MOSFET allows the small surface-mount packages to pass large current. Using the maximum operating
ambient temperature (Ta) and Rps(on), the power dissipation can be calculated by:

Pp = Rosionyx I

The junction temperature can be calculated by:
Ty=PoxRga+Ta

Where:
Ta= Ambient Temperature °C
Reua = Thermal Resistance
Pp = Total Power Dissipation

Generic Hot-Plug Applications

In many applications it may be necessary to remove modules or PC boards while the main unit is still operating. These are considered hot-plug
ppli 1s. Such impl ions require the control of current surges as seen by the main power supply and the card being inserted. The most
effective way to control these surges is to limit and slowly ramp up the current and voltage being applied to the card, similar to the way in which a
power supply normally turns on. Due to the controlled rise and fall times of the AP2141D/AP2151D, these devices can be used to provide a softer
start-up to devices being hot-plugged into a powered system. The UVLO feature of the AP2141D/AP2151D also ensures that the switch is off after

the card has been removed, and that the switch is off during the next insertion.

By placing the AP2141D/AP2151D between the VCC input and the rest of the circuitry, the input power reaches these devices first after insertion.
The typical rise time of the switch is approximately 1ms, providing a slow voltage ramp at the output of the device. This implementation controls the
system surge current and provides a hot-plugging mechanism for any device.

Dual-Purpose Port Applications

AP2141D/AP2151D is not recommended for use in dual-purpose port applications in which a single port is used for data communication between the
host and peripheral devices while simultaneously maintaining a charge to the battery of the peripheral device. An example of such a non-
recommended application is a shared HDMI/MHL (Mobile High-definition Link) port that allows streaming video between an HDTV or set-top box and
a smartphone or tablet while maintaining a charge to the smartphone or tablet battery. Since the AP2141D/AP2151D includes an embedded
discharge feature that discharges the output load of the device when the device is disabled, the batteries of the connected peripheral device will be
subject to continual discharge whenever the AP2141D/AP2151D is disabled. An overstress condition to the device's discharge MOS transistor may
result. In addition, if the output of the AP2141D/AP2151D is subjected to a constant voltage that would be present during a dual-purpose port
application such as MHL, an overstress condition to the device may result.

AP2141D/ AP2151D 110f 18 March 2015
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Ordering Information
AF21§1 DXXG -X
|
| Enable | | Channel I I Package I | Green | | Packing |
4:ActiveLow 1:1Channel W: 80T25 G:Green 7:7" Tapse & Reel
§: Active High $:80-8 13: 13" Tape & Reel

MP : MSOP-SEP
FM : U-DFN2018-6

sz 7"/13” Tape and Reel
PartMumbes Package Code i Quantity Part Number Suffix
AP21X1DSG-13 S SO-8 2,500/Tape & Reel -13
AP21X1DMPG-13 MP MSOP-8EP 2,500/Tape & Reel -13
AP21X1DWG-7 w SOT25 3,000/Tape & Reel -7
AP21X1DFMG-7 FM U-DFN2018-6 3,000/Tape & Reel -7
Note: 9. For packaging details, go to our website at http://www.diodes. P html.
Marking Information
(1) SoO-8
( Top View)
6] [7] [e] 8]
Logo «—— )} | +—» 1:1 Channel
Part Number < — AP21XXD YY : Year:08, 09,10~
4 - Active Low —————T WW : Week : 01~52; 52
5 - Active High YY WW X X represents 52 and 53 week
: - - [ X : Internal Code
° —» G : Green
b & & 1
AP2141D/ AP2151D 120f 18 March 2015
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Marking Information (continued)

(2

MSOP-8EP

Part Number «——
4 : Active Low

Logo «—

{ Top view )

Bl [ _[6 Pl

—AP21 X1D

" -
— J1 1 YW XE-

(3) SOT25

(4) U-DFN2018-6

AP2141D/ AP2151D
Document number: DS32242 Rev. 6 - 2

+—= X : Internal Code
— MSOP-8EP

Y :Year:0~9
W: Week: A~Z: 1~26 week;
a~z : 27~52 week; z represents

www.diodes.com

a1 T
5 : Active High Y 52 and 53 week
— 1:1 Channel
2 3] [
( Top View)
[5] (4]
XX : Identification code
Y :Year0~9
XXY WX W : Week : A~Z : 1~26 week;
a~z : 27~52 week; z represents
52 and 53 week
O] [2] [8] X:A~Z:Green
Device Pack Type Identification Code
AP2141DW SOT25 JA
AP2151DW SOT25 JB
Device Package type Identification Code
AP2141DFM U-DFN2018-6 JA
AP2151DFM U-DFN2018-6 JB
13 0f 18
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lhco!.@kl“lc»
Package Outline Dimensions (Al dimensions in mm.)
Please see AP02002 at http://www.diodes.com/datasheets/ap02002.pdf for the latest version.
(1) Package type: SO-8
HHHEH 505
Dim Min Max
v A - 1.75
E1 E & Al 0.10 0.20
21 Gauge Plane A2 1.30 1.50
A1 ™ Seating Plane A3 0.15 0.25
o -t b | 03 | 05
! Detail ‘A" D 4.85 4.95
H H H H E 5.90 6.10
h 790 E1 | 385 | 3.95
~TTN\45° 1> e 1.27 Typ
rere— . S c— RV h - 0%
t t A2 5 A3 / L 0.62 0.82
T - —— '
| % ) L 1o | on
kel LD All Dimensions in mm
D

(2) Package Type: MSOP-8EP

"7 ?auge Plane 7\
y l Seating Plane_|
i‘
| A3 7 C\\ .
A - J I ‘ 1 /":{
D * L E1 \.\lf }
See Detail C
AP2141D/ AP2151D 14 of 18
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MSOP-8EP
Dim [ Min | Max | Typ
A - 1.10 <
A1 | 0.05[0.15 [ 0.10
A2 | 0.75 [ 0.95 | 0.86
A3 |0.29 [ 0.49 | 0.39
b [0.22]0.38]0.30
c [0.08]023]0.15
D 290 3.10 | 3.00
D1 | 1.60 [ 2.00 | 1.80
E |4.70]5.10 | 4.90
E1 [2.90 [ 3.10 | 3.00
E2 [1.30 [ 1.70 | 1.50
E3 [2.85 [ 3.05 | 295
e - - 0.65
L 0.40 | 0.80 | 0.60
a 0° 8° 4°
X - - 10.750
y - 10.750
All Di inmm
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Package Outline Dimensions (continued) (All dimensions in mm.)

Please see AP02002 at http://www.diodes.com/datasheets/ap02002.pdf for the latest version.

(3) Package Type: SOT25

(4) Package Type: U-DFN2018-6

) A3
A
SEATING PLANE

A1l
Pin#1 1D D

f4—— D2 —»|

T

RS
T mrp

f=3-
B

1
Lol ol Ly

15 of 18
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SOT25
Min |Max | T
0.35 | 0.50) 0.38
1.50 [1.70[1.
2.70 13.002.80

e
3

2.90
0.013
1.00 [ 1.
0.35 | 0.55)0.40
0.10 {0.20{0.15
0.70 {0.80]0.75

R |Z[2|r|X|~|xT|O|O|m|>

2
5
3
3

U-DFN2018-6

Dim | Min | Max | Typ |

A 10.545[0.605|0.575
A1 0 ]0.05]0.02

A3 | — | — |0.13

b [0.15]0.25 [ 0.20

D [1.750]1.875] 1.80

D2 |1.30 [1.50 | 1.40

e — | — 1050
E 2.075] 2.00

1.95
2 [0.90]1.10[1.00
0.20

0.30 [ 0.25

z — | — [0.30

All in mm
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Suggested Pad Layout
Please see AP02001 at http:/www.diodes.com/datasheets/ap02001.pdf for the latest version.
(1) Package Type: SO-8
X
> |«
At
Di i Value (in mm)
X 0.60
Y 1.55
+ Ci ci 5.4
C2 1.27
c2
Slele
(2) Package Type: MSOP-8EP
D S o N 7o
2 alue
.‘ | ] Dimensions (in mm)
Iy [+ 0.650
& i G 0.450
X 0.450
i i X1 2.000
| | Y 1.350
Y2 Y1 Y1 1.700
X1 1 Y2 5.300
(3) Package Type: SOT25
I‘ 2 -|<-cz-| Di i Value (in mm)
+ + & Z 3.20
T X 0.55
G Ct Y 0.80
“ _L ‘L ci 2.40
Cc2 0.95
1im
[
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It(ol-oll'lﬁ»
Suggested Pad Layout (continued)
Please see AP02001 at http://www.diodes.com/datasheets/ap02001.pdf for the latest version.
(4) Package type: U-DFN2018-6
o] e
iHNHEH
Di i Value (in mm)
[ 0.50
V21 [ SO S — L G 0.20
X 0.25
‘ X1 1.60
& Y 0.35
Y1 1.20
HiN
X1
Taping Orientation (Note 10)
For U-DFN2018-6
AB AB AB
YWX YWX YWX
0 . .
Top cover
tape thickness
Note: 10. The taping orientation of the other package type can be found on our website at http://www.diodes. p02007.pdf.
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and determinative format rel d by Diodes Incorp .

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2015, Diodes Incorporated

www.diodes.com
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AP2161D/AP2171D

1A SINGLE CHANNEL CURRENT-LIMITED
POWER SWITCH WITH OUTPUT DISCHARGE

Description

Pin Assignments

The AP2161D and AP2171D are integrated high-side power switches
optimized for Universal Serial Bus (USB) and other hot-swap
applications. The family of devices complies with USB 2.0 and is
available with both polarities of Enable input. They offer current and
thermal limiting and short circuit protection as well as controlled rise
time and undervoltage lockout functionality. A 7ms deglitch capability
on the open-drain Flag output prevents false over-current reporting
and does not require any external components.

All devices are available in SOT25, SO-8, MSOP-8, MSOP-8EP, and
U-DFN2018-6 packages.

Features

¢ Single USB Port Power Switches with Output Discharge

¢ Over-Current and Thermal Protection

* 1.5A Accurate Current Limiting

* Fast Transient Response

* Reverse Current Blocking

* 90mQ On-Resistance

* Input Voltage Range: 2.7V - 5.5V

* 0.6ms Typical Rise Time

e Very Low Shutdown Current: 1pA (max)

¢  Fault Report (FLG) with Blanking Time (7ms typ)

* ESD Protection: 4kV HBM, 300V MM

* Active High (AP2171D) or Active Low (AP2161D) Enable

*  Ambient Temperature Range -40°C to +85°C

e SOT25, SO-8, MSOP-8, MSOP-8EP (Exposed Pad), and
U-DFN2018-6: Available in “Green” Molding Compound

* (NoBr, Sb)

* Lead-Free Finish; RoHS Compliant (Notes 1 & 2)

* Halogen and Antimony Free. “Green” Device (Note 3)

* UL Recognized, File Number E322375

e IEC60950-1 CB Scheme Certified

Applications

e  Consumer Electronics — LCD TVs & Monitors, Game Machines

e  Communications — Set-Top-Boxes, GPS, Smartphones

e  Computing — Laptops, Desktops, Servers, Printers, Docking
Stations, HUBs

( Top View)
GND [1] ® 8| NC
N [2] [7] out
N [3] (6] out
en [4] (5] FLa
S0-8
(Top View )
ano []® E1NC
IN 2 71 out
N 3 61 our
EN [ 51 FLG

MSOP-8 / MSOP-8EP
Note: Latter with Exposed Pad
(Dotted Line)

(Top View)

out [7] SN
GND [T2]
FLG []2] A ] EN

SOT25

( Top View)

I =P
IN [

EN @5
U-DFN2018-6

ouT

A [

FLG

All applicable RoHS ions applied.

2. See http://www.diodes.com/quality/lead_free.html for more information about Diodes Incorporated's definitions of Halogen- and Antimony-free, "Green"”

3. Halogen- and Antimony-free "Green" products are defined as those which contain <900ppm bromine, <800ppm chlorine (<1500ppm total Br + Cl) and

Notes: 1. EU Directive 2002/95/EC (RoHS) & 2011/65/EU (RoHS 2)
and Lead-free.
<1000ppm antimony compounds.
AP2161D/AP2171D
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AP2161D/AP2171D
Typical Applications Circuit
AP2171D Enable Active High
Power Suppl IN OuT] p Load
evess' | 1 1 X
IEmk TouFIﬂduF Io-“'"' TZOUF
FLG
N ten GND
OFF | _J-
Available Options
Enable Pin Current Limit Recommended Maximum
Part Number Channel (EN) (Typical) Cocat Load Cuirert
AP2161D 1 Active Low 1.5A 1A
AP2171D 1 Active High 1.5A 1A

Pin Descriptions

Pin Pin Number
SO-8 Functions
Name MSOP-8 MSOP-8EP | SOT25 | U-DFN2018-6
GND 1 1 2 1 Ground
IN 2,3 2,3 5 2 Voltage input pin (all IN pins must be tied together externally)
EN 4 4 4 3 Enable input, active low (AP2161D) or active high (AP2171D)
Over-current and over-temperature fault report; open-drain flag is active low when
FLG 5 5 3 4 4
triggered
ouT 6,7 6,7 1 56 Voltage output pin (all OUT pins must be tied together externally)
NC 8 8 N/A N/A No internal connection; recommend tie to OUT pins
Exposed pad.
Exposed tab 2 Exposed tab . Ex tab ::nsptg]akrj\&e connected to GND and thermal mass for enhanced thermal
It should not be used as electrical ground conduction path.
AP2161D/AP2171D 20f19 March 2015
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Functional Block Diagram

Current

IN Ser:sy T { | out
UVLO Discharge |
Control
;» Dri Current
EN |— rver Limit =

Thermal 4 > Deglitch 4‘3

Sense

1 GND
Absolute Maximum Ratings (@1 = +25-C, unless otherwise specified.)
Symbol Parameter Ratings Unit
ESD HBM Human Body Model ESD Protection 4 kV
ESD MM Machine Model ESD Protection 300 \
Vin Input Voltage 6.5 \
Vour Output Voltage ViN +0.3 \
Ven, Vrg Enable Voltage 6.5 A
ILoap Maximum Continuous Load Current Internal Limited A
TumAx Maximum Junction Temperature 150 C
Tst Storage Temperature Range (Note 4) -65 to +150 °C
Note: 4. UL Recognized Rating from -30°C to +70°C (Diodes qualified Tsr from -65°C to +150°C).
Recommended Operaling Conditions (@7, = +25:C, unless otherwise specified.)
Symbol Parameter Min Max Unit
Vin Input Voltage 27 5.5 \
lout Output Current 0 1.0 A
Viu EN Input Logic Low Voltage 0 0.8 Vv
ViH EN Input Logic High Voltage 2 Vin Vv
Ta Operating Ambient Temperature -40 +85 °C
AP2161D/AP2171D 3of19 March 2015
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Electrical Characteristics @7a = +25:C, Vin = +5.0V, unless otherwise specified.)
Symbol Parameter Test Conditions Min Typ Max Unit
Vuvio  |Input UVLO - 1.6 1.9 25 v
Ision  |Input Shutdown Current Disabled, loyt=0 === 0.5 1 HA
la Input Quiescent Current Enabled, lout =0 = 45 70 HA
ILeak  |Input Leakage Current Disabled, OUT grounded - 0.1 1 HA
lrev  |Reverse Leakage Current Disabled, Vin = 0V, Vour = 5V, Igev at Vin — 0.1 1 pA
SOT25, MSOP-8, _ %5 115
Vin = 5V, Ta=+25°C |MSOP-8EP, SO-8
lour= 1A U-DFN2018-6 — 90 110
Ros(on) [Switch On-Resistance 40°C < Ta< +85°C — — 140 mQ
Vin = 3.3V, lout=|Ta= +25°C — 120 140
£ 40°C < Tp< +85°C — — 170
Istort  |Short-Circuit Current Limit Enabled into short circuit, CL = 22uF — 1.2 — A
lumr  |Over-Load Current Limit Vin= 5V, Vour = 4.0V, C = 120pF, -40°C < To< +85°C 1.1 1.5 1.9 A
ITrig Current Limiting Trigger Threshold |Output Current Slew rate (<100A/s) , CL = 22uF = 2.0 — A
Vi EN Input Logic Low Voltage Vin=2.7V t0 5.5V — = 0.8 A
ViH EN Input Logic High Voltage Vin=2.7V t0 5.5V 2 _ — \
Isink  |EN Input Leakage Ven = 5V = = 1 pA
Tpon) |Output Tumn-On Delay Time CL= 1uF, RLoap = 10Q — 0.05 — ms
TR Output Turn-On Rise Time CL=1uF, RLoap = 10Q B= 0.6 1.5 ms
Toorr) |Output Turn-Off Delay Time CL= 1pF, Rioap = 10Q — 0.05 —_ ms
Tr Output Turn-Off Fall Time CL= 1pF, RLoap = 10Q - 0.05 0.1 ms
Rrig  |FLG Output FET On-Resistance  |lrLg = 10mA — 20 40 Q
Teiank |FLG Blanking Time Cin= 10pF, CL = 22uF 4 7. 15 ms
Rois  |Discharge Resistance (Note 5) Vin = 5V, disabled, loyt = TmA — 100 —_ Q
Tois Discharge Time CL = 1pF, VIN = 5V, disabled to VOUT < 0.5V = 0.6 — ms
Tswon  |Thermal Shutdown Threshold Enabled, Rioap = 1kQ - 140 - C
Thys |Thermal Shutdown Hysteresis — — 25 = °C
SOT25 (Note 6) = 170 =
Thermal Resistance Junction-to- S8 (Note 6) — 127 —
Bua Ambient MSOP-8 (Note 6) — 118 — “C/W
MSOP-8EP (Note 7) — 67 —
U-DFN2018-6 (Note 7) —_ 70 —
Notes: 5. The discharge function is active when the device is disabled (when enable is de-asserted). The discharge function offers a resistive discharge path
for the external storage capacitor.
6. Device mounted on FR-4 4 substrate PCB, 20z copper, with minimum recommended pad layout.
7 glz\::e mounted on 2" x 2" FR-4 substrate PCB, 20z copper, with minimum recommended pad on top layer and thermal vias to bottom layer ground
AP2161D/AP2171D 40f19 March 2015
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Typical Performance Characteristics

| | |
| T ! 1 Toorr) | 1T ! 1 TooFm)
I 5 T | 5 T
I, | | I, | | |
oo 0% 0% | %Y feo% 0% |
Vour ' | | Vour ' | |
10% 10% 10% 10%

Figure 1 Voltage Waveforms: AP2161D (left), AP2171D (right)

All Enable Plots are for AP2171D Active High

Turn-On Delay and Rise Time ; Turn-Off Delay and Fall Time

Ven
5V/div

Ven

5V/div
Vout
2V/div, CL=1uF

Ta=+25C
RL=10Q
v Ta=+25C
‘out =
2V/div 10D
100ps/div ’ 100ps/div
Turn-On Delay and Rise Time . ) Turn-Off Delay and Fall Time

Ven
5V/div

VEN

5V/div
Vour
2V/div Cr=120pF

Ta=+25C
CL=120pF I RL=100
Ta=+25C
Vour RL=10Q
2V/div
500ps/div ST ~ 500ps/div B
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Typical Performance Characteristics (continued)
Short Circuit Current, Short Circuit with Blanking Time and Recovery
. Vour
Device Enabled Into Short \5V/div |
VrLaG
2V/div
m ST MR D
VEN
5V/div : E
fose m m m = = Vin=5V
Vin=5V o 1 Ta=+25C
Ta=+25C 1A/div 11| | CL=22uF
lout CL=22uF e LR o
L= 224l
500mA/d
= 20ms/div
100ps/div
1Q Load Connected to Enabled Device 2Q Load Connected to Enabled Device
VELAG Vin=5V VFLaG
2V/div fae ipgeg |vi | 2Vidiv Vin=5V
cA ; S Ta=+25°C
Lol CL=22yF

lout }
1A/div H I&J/L
iv

1ms/div 1ms/div
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Typical Performance Characteristics (cont)

Power On
{ Ta=+25°C Power Off
Vroas CL = 120pF
i { RL=10Q
5V/div VrLae
/ : i, == ! 5V/div
lour f 4 Ta=+25C ]
500mA/d CL=120puF
Seemesmacsmal : - : Rr=10Q \
! { 1 ' ¢ lour
Ven T . L ! 500mA/d
5V/div i [E—— !
. ] Ven 5V/div
Vout ! i \
5V/div } ”
Vour 5V/div
2ms/div
20ms/div
UVLO Increasing
I Ta=+25°C ‘ UVLO Decreasing
CL=22uF |
R = 19(’) | Vin Ta=+25C
| 2V/div Ci=22uF
v { ‘ RL=10Q
IN T,
- ‘ ‘ K
| flour |
Bor o+ 500mA/div .
500mA/ L
oms/di
ms(cy 20ms/div
Discharge Time
No Load Resistance Inrush Current
Ta=+25C
Vourt
2V/div ! xw 7 5“’1
0 Loal

€
N
=)
S
3
&

R

fe sl e =1 -

VEN Cr=22uF !

2V/div I i
! 5V/div ] et
1 v
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Typical Performance Characteristics (cont)
Turn-On Time vs Input Voltage Tumn-Off Time vs Input Voltage
800 31
700 A 31
- 600 - 30
; L g
_E 2 a2 CL=1pF 4
E o0 g RL=10Q
2 0 Ci=1pF 2= [ Ta=+257C
e RL=10Q | 22 ; 4
= Ta= 257
100 | 2 ‘
0 | | 28 . -
15 2 25 3 as 4 45 5 55 6 15 2 25 3 3s 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
Rise Time vs Input Voltage Fall Time vs Input Voltage
600 2
500 24
g 400 3 23
Ew e
é 200 CL=1uF —_ g2 CL=1yF
RL=10Q RL=10Q
100 Ta=425°C —— 2 Ta=+25C
o 19
15 2 25 3 as 4 45 5 55 3 15 2 25 3 35 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
Supply Current, Output Enabled vs Ambient Temperature Supply Current, Output Disabled vs Ambient Temperature
6 _ e
3 & S Vin=5.5V
§ Viy = 5.0V 30N
& i
& Vin = 5.5V g . V=50V N\~
g” 2 .l vwn=3av I
]
E- ; .5' 0.60 \/
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g g 020
; R
30 0.00
60 -40 20 0 20 40 60 8 100 -5 25 5 15 s 55 75 9%
Ambient Temperature (C) Ambient Temperature (°C)
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AP2161D/AP2171D

Typical Performance Characteristics (cont)

Static Drain-Source On-State Resistance vs Ambient Short-Circuit Output Current vs Ambient Temperature
Temperature
200 710
190 i 700
-  |vw=27v viy=33v Vn=50V
@ il Vm=27V V=33V g
2 & 3 o0
g < 160 = /r
(§ E 150 \* £ en \
<]
£ 140 = 60 A
ks T /
i 120 g = /
® 110 g 640
100 Vin =5V Vin=5.5V
630
=R0 40 i o 2 0 L L 100 60 -0 -20 0 20 40 60 80 100
Ambient Temperature (°C) Ambient Temperature (°C)
Undervoltage Lockout vs Ambient Temperature Threshold Trip Current vs Input Voltage
205 115
204 /
5 20 —- g
3 UVLO Rising E
$ 200 E s
s o
g 20 £
4 =
5 19 - B 112
2 UVLO Falling % Ta=+25C
:' Cu=22uF
g 197 £ L= cejl
1.96
195 1.10
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Application Note

The AP2161D and AP2171D are integrated high-side power switches optimized for Universal Serial Bus (USB) that require protection functions.
The power switches are equipped with a driver that controls the gate voltage and incorporates slew-rate limitation. This, along with the various
protection features and special functions, makes these power switches ideal for hot-swap or hot-plug applications.

Protection Features:

Undervoltage Lockout (UVLO)

Undervoltage lockout function (UVLO) guarantees that the internal power switch is initially off during start-up. The UVLO functions only when the
switch is enabled. Even if the switch is enabled, the switch is not turned ON until the power supply has reached at least 1.9V. Whenever the input
voltage falls below approximately 1.9V, the power switch is turned off. This facilitates the design of hot-insertion systems where it is not possible to
turn off the power switch before input power is removed.

Over-current and Short Circuit Protection

An internal sensing FET is employed to check for over-current conditions. Unlike current-sense resistors, sense FETs do not increase the series
resistance of the current path. When an over-current condition is detected, the device maintains a constant output current and reduces the output
voltage accordingly. Complete shutdown occurs only if the fault stays long enough to activate thermal limiting.

The different overload conditions and the corresponding response of the AP2161D/2171D are outlined below:

S.NO Conditions Expl: i Behavior of the AP2161D/2171D
Output is shorted before input

voltage is applied or before the
part is enabled

The IC senses the short circuit and immediately clamps output
current to a certain safe level namely Imir.

Short circuit condition at
start-up

* At the instance the overload occurs, higher current may flow
for a very short period of time before the current limit function
can react.

* After the current limit function has tripped (reached the over-
current trip threshold), the device switches into current limiting
mode and the current is clamped at lumir.

The current rises until Itrig or thermal limit. Once the threshold

has been reached, the device switches into its current limiting

mode and is set at lumir.

Short-Circuit or Overload
condition that occurs when the
part is enabled.

Short-circuit or over-current
condition

Gradual increase from
3 nominal operating current to
lumir

Load increases gradually until
the current-limit threshold.(Itric)

Note that when the output has been shorted to GND at an extremely low temperature (< -30'C), a minimum 120-pF electrolytic capacitor on the
output pin is recommended. A correct capacitor type with capacitor voltage rating and temp h must be properly chosen so that
capacitance value does not drop too low at the extremely low temperature operation. A recommended capacitor should have temperature
characteristics of less than a 10% variation of capacitance change when operated at ly low p sres. Our re ded aluminum
electrolytic capacitor type is Panasonic FC series.

Thermal Protection

Thermal protection prevents the IC from damage when the die temperature exceeds safe margins. This mainly occurs when heavy-overload or
short-circuit faults are present for extended periods of time. The AP2161D/AP2171D implements thermal sensing to monitor the operating junction
temperature of the power distribution switch. Once the die temperature rises to approximately 140°C, the Thermal protection feature gets activated
as follows: The internal thermal sense circuitry turns the power switch off and the FLG output is asserted thus preventing the power switch from
damage. Hysteresis in the thermal sense circuit allows the device to cool down to approximately 25°C before the output is turned back on. The
built-in thermal hysteresis feature avoids undesirable oscillations of the thermal protection circuit. The switch continues to cycle in this manner until
the load fault is removed, resulting in a pulsed output. The FLG open-drain output is asserted when an over-current occurs with 7-ms deglitch.

Reverse Current Protection

In a normal MOSFET switch, current can flow in reverse direction (from the output side to the input side) when the output side voltage is higher
than the input side, even when the switch is turned off. A reverse-current blocking feature is implemented in the AP21x1 series to prevent such
back currents. This circuit is activated by the difference between the output voltage and the input voltage. When the switch is disabled, this feature
blocks reverse current flow from the output back to the input.

AP2161D/AP2171D 10 of 19 March 2015
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Application Note (continued)

Special Functions:

Discharge Function

When enable is de-asserted, the discharge function is active. The output capacitor is discharged through an internal NMOS that has a discharge
resistance of 100Q. Hence, the output voltage drops down to zero. The time taken for discharge is dependent on the RC time constant of the
resistance and the output capacitor.

FLG Response

The FLG open-drain output goes active low for any of the two conditions: Over-Current or Over-Temperature. The time from when a fault condition
is encountered to when the FLG output goes low is 7-ms (TYP). The FLG output remains low until both over-current and over-temperature
conditions are removed. Connecting a heavy capacitive load to the output of the device can cause a momentary Over-current condition, which
does not trigger the FLG due to the 7-ms deglitch timeout. The 7-ms timeout is also applicable for Over-current recovery and Thermal recovery.
The AP2161D/AP2171D are designed to eliminate erroneous Over-current reporting without the need for external components, such as an RC
delay network.

Applications Information:

Power Supply Considerations

A 0.01-pF to 0.1-uF X7R or X5R ceramic bypass capacitor between IN and GND, close to the device, is recommended. This limits the input
voltage drop during line transients. Placing a high-value electrolytic capacitor on the input (10-pF minimum) and output pin(s) is recommended
when the output load is heavy. This precaution also reduces power-supply transients that may cause ringing on the input. Additionally, bypassing
the output with a 0.01-pF to 0.1-pF ceramic capacitor improves the immunity of the device to short-circuit transients. This capacitor also prevents
output from going negative during turn-off due to inductive parasitics.

Power Dissipation and Junction Temperature
The low on-resistance of the internal MOSFET allows the small surface-mount packages to pass large current. Using the maximum operating
ambient temperature (Ta) and Ros(on), the power dissipation can be calculated by:

Po = Rosionyx I°

The junction temperature can be calculated by:
Ty=PoxReua + Ta

Where:
Ta = Ambient Temperature °C
Reua = Thermal Resistance
Pp = Total Power Dissipation

Generic Hot-Plug Applications

In many applications it may be necessary to remove modules or PC boards while the main unit is still operating. These are considered hot-plug
applications. Such implementations require the control of current surges as seen by the main power supply and the card being inserted. The most
effective way to control these surges is to limit and slowly ramp up the current and voltage being applied to the card, similar to the way in which a
power supply normally turns on. Due to the controlled rise and fall times of the AP2161D/AP2171D, these devices can be used to provide a softer
start-up to devices being hot-plugged into a powered system. The UVLO feature of the AP2161D/AP2171D also ensures that the switch is off after
the card has been removed, and that the switch is off during the next insertion.

By placing the AP2161D/AP2171D between the V¢ input and the rest of the circuitry, the input power reaches these devices first after insertion.
The typical rise time of the switch is approximately 1ms, providing a slow voltage ramp at the output of the device. This implementation controls
the system surge current and provides a hot-plugging mechanism for any device.
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Application Note (cont)

Dual-Purpose Port Applications

AP2161D/AP2171D is not recommended for use in dual-purpose port applications in which a single port is used for data communication between
the host and peripheral devices while simultaneously maintaining a charge to the battery of the peripheral device. An example of such a non-
recommended application is a shared HDMI/MHL (Mobile High-definition Link) port that allows streaming video between an HDTV or set-top box
and a smartphone or tablet while maintaining a charge to the smartphone or tablet battery. Since the AP2161D/AP2171D includes an embedded
discharge feature that discharges the output load of the device when the device is disabled, the batteries of the connected peripheral device will
be subject to continual discharge whenever the AP2161D/AP2171D is disabled. An overstress condition to the device's discharge MOS transistor
may result. In addition, if the output of the AP2161D/AP2171D is subjected to a constant voltage that would be present during a dual-purpose port
application such as MHL, an overstress condition to the device may result.

Ordering Information

AP212§ D -_)rg
, i
Package

[ Enable | [ Chamel || | [ Green || Packing |
6 : Active Low 1:1 Channel S :808 G : Green 7/13 : Tape & Reel
7 : Active High M8 : MSOP-8
MP : MSOP-8EP
W :S0T25
FM : U-DFN2018-6
I 7"/113" Tape and Reel
Part Number Package Code P ging Quantity Part Number Suffix
AP21X1DSG-13 S SO-8 2,500/Tape & Reel -13
AP21X1DM8G-13 M8 MSOP-8 2,500/Tape & Reel -13
AP21X1DMPG-13 MP MSOP-8EP 2,500/Tape & Reel -13
AP21X1DWG-7 w SOT25 3,000/Tape & Reel -7
AP21X1DFMG-7 FM U-DFN2018-6 3,000/Tape & Reel -7
Marking Information
(1) so-8
(Top View)
Bl [ [e] [g]
Logo «—— : : —» 1 :1 Channel
Part Number <—— AP21X X D YY :Year: 08, 09,10~
6 : Active Low ¢—————T WW : Week : 01~52; 52
7 : Active High YYWWX represents 52 and 53 week
: X : Internal Code
° —» G : Green
[ 2 T 14
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(2) MsoP-8
(Top view)
gl [ [6] Bl
1 T X:Internal Code
Logo - i lﬂl

Y: Year:0~9

W :Week : A~Z : 1~26 week;
a~z: 27~52 week;z represents
52 and 53 week

> 1:1 Channel
[ 2 [ 14

PartNumber «+——— AP21X 1D

6:Activelow | T
7 : Active High ()

Marking Information (continued)

(3) MSOP-8EP

( Top view)
8l [71 o] 5]

N — T X: Internal Code
Logo — 1 1 YWXET—> MSOP-8EP

Y:Year:0~9
PartNumber «——— AP21X 1D W : Week : A~Z : 1~26 week;
6:Activelow 1 T

a~z:27~52 week;z represents
7 : Active High () 52and 53 week
1:1 Channel
i & B [4
(4) soT25
(Top View)
(5] [4]
XX : Identification code
Y :Year 0~9
XXY WX W : Week : A~Z : 1~26 week;
a~z : 27~52 week; z represents
52 and 53 week
A7 12] [8] X:A~Z:Green
Device Package Type Identification Code
AP2161DW SOT25 JC
AP2171DW SOT25 JD
(5) U-DFN2018-6
(Top View)
XX : Identification Code
XX Y : Year: 0~9
YWX W: Week : A~Z : 1~26 week;
. a~z : 27~52 week; z represents
52 and 53 week
X :A~Z :Green
Device Pack Type Identification Code
AP2161DFM U-DFN2018-6 JC
AP2171DFM U-DFN2018-6 JD
AP2161D/AP2171D 13 0of 19
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AP2161D/AP2171D
Package Outline Dimensions (Al dimensions in mm.)
Please see AP02002 at http://www.diodes.com/datasheets/ap02002.pdf for the latest version.
(1) so-8
HHHH
1
= S0-8
E1 E & Dim | Min_| Max
At 791 Gauge Plane A - 1.75
777]—— T _Ji‘ Seating Plane Al 0.10 0.20
A2 1.30 1.50

o
H H H H;I Detail ‘A A3 00 ?35 00 ?55
b o

b
D 4.85 4.95
E
E

5.90 6.10

Detail ‘A' 1 | 385 | 3.95

< e 1.27 Typ
=0 h - 0.35
L | 062 | 082

) 0° 8°
All Dimensions in mm

(2) MSoP-8
NS o [ wmsor-8

! =5 == Dim | Min | Max | Typ

ﬂmm / A - [1i0] -
— /] : A1 [0.05[0.15] 0.10

| A2 [0.75]0.95] 0.

: £ e NS | A3 [0.29]0.49] 0.39

[ Sauge Plnei A\ A b [0.22]0.38 ] 0.30
[y @ * T c [0.08]0.23] 0.15
! — i D [2.90 [3.10 | 3.00
’ UI-UHH o o E [4.70[5.10 4.90
] o Detail C E1[2.90[3.10] 3.00

o B3 E3 [2.85]3.05] 2.95

* : 1 A3— e - - 0.65
A2 A 1 ) L [0.40[0.80 | 0.60
T R ) Coololus
pl el ! L & L o x | - | - [0750
L see Detail C y | - | - 10.750

All Dimensions in mm

(3) MSOP-8EP

MSOP-8EP
[Min [Max | Typ |
- _[1.10
0.05]0.15] 0.
0.75)0.95]| 0.

0.

0

o
3

Q00T 00 2=y

0.29 10.49
0.2210.38 | 0.
0.080.23| 0.15
2.90(3.10 3.00
1 .00 | 1.80
.70 [5.10 | 4.90
2.90)3.10| 3.00
.70 ] 1.50
2.85)3.05

X
—“— + —+|E E2 |- ol |
1 @ Gauge Plane

i
24
1
BINN

I S

olo |o(B|B|Z[»

Seating Plane \

. _| h.

Detail C

o
Q
3

m{m|m

W=
w
S

0.40 | 0.80
0° | 8° | a°
= - [0.750
- - 10.750

]
o
Bl<|x|o|r|o

See Detail C

5
3
3
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AP2161D/AP2171D
Package Outline Dimensions (cont,) (All dimensions in mm.)
Please see AP02002 at http://www.diodes.com/datasheets/ap02002.pdf for the latest version.
(4) SOT25
A
H H E SOT25
Dim | Min [Max| T
i A [ 035 [050]0.38
BIC B | 1.50 [1.70]1.60
‘ C [ 270 [3.00[2.80
H H D | — | — [095
H | 290 [3.10[3.00
f——H—— J ]0.013/0.10]0.05
o 5 K [1.00 [1.30[1.10
K T 1 1Fs I M L | 0.35 |0.55]0.40
4 Jin B M | 0.10 [0.20]0.15
J‘ o> T N [ 0.70 [0.80]0.75
D L ] 0° | 8 | —
All Dimensions in mm
(5) U-DFN2018-6
T A3
A

SEATING PLANE

A1 U-DFN2018-6

Pin#1 ID D Dim | Min | Max | Typ

A 10.545/0.605]0.575

R— ?2 = t A1 0 ]0.05]0.02

l-i-' L'J TT A3 | — | — |0.13

b ]0.15[0.25 | 0.20

S D [1.750]1.875( 1.80

P 1 X D2 | 1.30 [ 1.50 | 1.40

e — | — [0.50

T E | 1.95 [2.075] 2.00

E2 [0.901.10 [ 1.00

l+| Il ‘llhz = L | 0.20 [ 0.30 | 0.25

[ P z | — | — To30

" All in mm
AP2161D/AP2171D 150f 19 March 2015
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AP2161D/AP2171D

°
IiMNCORPORATE®D

Suggested Pad Layout

Please see AP02001 at http://www.diodes.com/datasheets/ap02001.pdf for the latest version.

(1) so-8
X
> |
E] H E] B Dimensi Value (in mm)
X 0.60
Y 1.55
ci 5.4
+ el c2 127
c2
icl i
(2) MSOP-8
- x — - C P
1T
} |
1
Dil i Value (in mm)
Y1 C 0.650
X 0.450
Y 1.350
D m D m Y1 5.300

(3) MSOP-8-EP

X .C

!
"G i ¥ Dimensions (i‘:' a::;)
1 e [ 0.650
I i G 0.450
[ X 0.450
Rt [ Y1 X1 2.000
X1 Y Y 1.350
Y1 1.700
|::| m m |::| Y2 5.300

AP2161D/AP2171D 16 of 19 March 2015
Document number: DS32250 Rev. 6 - 2 www.diodes.com © Diodes Incorporated



Issue Date: 2024-07-24 Page 154 of 252 Report Reference # E322375-A6029-CB-1

Enclosures

Manuals ID 06-07

S AP2161D/AP2171D

IiMNCORPORATE®D

Suggested Pad Layout (continued)

Please see AP02001 at http://www.diodes.com/datasheets/ap02001.pdf for the latest version.

(4) SOT25
| c2plec2]
Di i Value (in mm)
z 3.20
F T G 1.60
z &1 X 055
_i_ _L Y 0.80
fexo| C2 0.95

(5) U-DFN2018-6
Cc

\Iﬁ |f|—’|:%:| D Value (in mm)

i c 0.50

i G 0.20

i X 0.25

vi : Xi 1.60
i Y 0.35
; v Y1 1.20
| G
[0 0 CI]F

X1

AP2161D/AP2171D 17 of 19 March 2015
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S, AP2161D/AP2171D

Taping Orientation (Note 8)

For U-DFN2018-6

R

AB AB AB
YWX YWX YWX

Top cover
tape thickness
0.10mm Max.

Embossed >
Carrier —m—m ) @ °

/é‘/ <—— Cavity

0,;,0
Cp
%,
n
O,

Boor

Note: 8. The taping orientation of the other package type can be found on our website at httpz//www.diodes 02007.pdf
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AP2161D/AP2171D

IMcCORPORATED

IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and d inative format rel d by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2015, Diodes Incorporated

www.diodes.com
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Groon AP2181D/AP2191D

1.5A SINGLE CHANNEL CURRENT-LIMITED
POWER SWITCH WITH OUTPUT DISCHARGE

Description

The AP2181D and AP2191D are integrated high-side power switches
optimized for Universal Serial Bus (USB) and other hot-swap
applications. The family of devices complies with USB 2.0 and is
available with both polarities of Enable input. They offer current and
thermal limiting and short circuit protection as well as controlled rise
time and under-voltage lockout functionality. A 7ms deglitch capability
on the open-drain flag output prevents false over-current reporting
and does not require any external components.

All devices are available in SO-8, MSOP-8, MSOP-8EP, SOT25, and
U-DFN2018-6 packages.

Features

*  Single USB Port Power Switches with Output Discharge
*  Over-Current and Thermal Protection

e 2.1A Accurate Current Limiting

*  Fast Transient Response

*  Reverse Current Blocking

*  90mQ On-Resistance

« Input Voltage Range: 2.7V to 5.5V

*  0.6ms Typical Rise Time

*  Very Low Shutdown Current: 1pA (Max)

*  ESD Protection: 4kV HBM, 300V MM

«  Ambient Temperature Range -40°C to +85°C

Sb)

* UL Recognized, File Number E322375
* |EC60950-1 CB Scheme Certified

Applications

Stations, HUBs

Pin Assignments
(Top View)
enp [T] O 8] nC
N 2] 7] our
N [3] 6] our
en [4] 5] FLe
S0-8
(Top View)
oND [ © e -~ [EEane
N CZ] i [3our
N ] | i [EJour
eN[EF] Ll A

MSOP-8/MSOP-8EP
Note: Latter with Exposed Pad

(Dotted Line)

(Top View)
e Fault Report (FLG) with Blanking Time (7ms Typ) out [T1] s| | IN
*  Active High (AP2191D) or Active Low (AP2181D) Enable GND ‘:E
FLG | 3 4 EN
e SOT25, SO-8, MSOP-8, MSOP-8EP (Exposed Pad), and U-
DFN2018-6: Available in “Green” Molding Compound (No Br, SOT25
*  Lead-Free Finish; RoHS Compliant (Notes 1 & 2) (Top View)
« Halogen and Antimony Free. “Green” Device (Note 3) ouT
U
ouT
FLG
e  Consumer Electronics — LCD TVs & Monitors, Game Machines U-DFN2018-6
*  Communications — Set-Top-Boxes, GPS Systems, Smartphones
e Computing — Laptops, Desktops, Servers, Printers, Docking
Notes: 1. EU Directive 2002/95/EC (RoHS), 2011/65/EU (RoHS 2) & 2015/863/EU (RoHS 3) Al RoHS applied.

2. See https://www.diode: i free/ for more i

Lead-free.

of Halogen- and Antimony-free, "Green" and

3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + Cl) and

<1000ppm antimony compounds.

AP2181D/AP2191D
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imcomsomnaren I AP2181D/AP2191D
Typical Applications Circuit
AP2191D Enable Active High
Power Supply IN OUT] Load
STV T T T L
< >
FLG
ON
——|EN GND
OFF J_
Available Options
Enable Pin Current Limit Recommended Maximum
Part Numbar Chamel (EN) (Typical) Continuous Load Current
AP2181D 1 Active Low 2.1A 1.5A
AP2191D 1 Active High 2.1A 1.5A
Pin Descriptions
Pin Pin Number
SO0-8 Functions
Name MSOP-8 MSOP-8EP | SOT25 | U-DFN2018-6
GND 1 1 2 1 Ground
IN 2,3 2,3 5 2 Voltage input pin (all IN pins must be tied together extemnally)
EN 4 4 4 3 Enable input, active low (AP2181D) or active high (AP2191D)
FLG 5 5 3 4 g\g/:;zjnem and over-temperature fault report; open-drain flag is active low when|
ouT 6,7 6,7 1 5,6 Voltage output pin (all OUT pins must be tied together extemally)
NC 8 8 N/A N/A No internal connection; recommend tie to OUT pins
Exposed pad.
E Tab o s E Tab = Exposed Tab ::n szgzrcebe connected to GND and thermal mass for enhanced thermal
It should not be used as electrical ground conduction path.
AP2181D/AP2191D 20f17 January 2018

Document number: DS32251 Rev. 5-2

www.diodes.com © Diodes Incorporated



Issue Date: 2024-07-24 Page 159 of 252 Report Reference # E322375-A6029-CB-1

Enclosures

Manuals 1D 06-08

imcomromaresn I AP2181D/AP2191D
Functional Block Diagram

Current 'I:l
IN Sery ’_T ouT
UvVLO Discharge |
Control
|—> 5 Current
Driver Ay =
EN

A
Thermal q > Deglitch
Sense
A1 GND
Absolute Maximum Ratings (@7 = +25°C, unless otherwise specified.)
Symbol Parameter Ratings Unit
ESD HBM Human Body Model ESD Protection 4 kv
ESD MM Machine Model ESD Protection 300 \
Vin Input Voltage 6.5 A\
Vour Output Voltage Vin +0.3 \Y
Ven , VFLG Enable Voltage 6.5 \%
ILoaD Maximum Continuous Load Current Internal Limited A
Tumax Maximum Junction Temperature 150 °C
Tst Storage Temperature Range (Note 4) -65 to +150 °C
Caution: ~ Stresses greater than the i Ratings' i above, may cause permanent damage to the device. These are stress ratings only;
functional operation of the device at these or any other conditions ing those indi in this ification is not implied. Device reliability may be
affected by exposure to absolute i rating itions for periods of time.

Semiconductor devices are ESD sensitive and may be damaged by exposure to ESD events. Suitable ESD precautions should be taken when handling
and transporting these devices.

Note: 4. UL Recognized Rating from -30°C to +70°C (Diodes Incorporated qualified Tsr from -65°C to +150°C).

Recommended Operating Conditions (@1, = +25°C, unless otherwise specified.)

Symbol Parameter Min Max Unit
ViN Input Voltage 27 5:5; A\
lout Output Current 0 15 A
Vi EN Input Logic Low Voltage 0 0.8 A\
Vi EN Input Logic High Voltage 2 Vin v
Ta Operating Ambient Temperature -40 +85 °C
AP2181D/AP2191D 30f17 January 2018
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imcomsomaren AP2181D/AP2191D
Electrical Characteristics @t = +25°C, Vix = +5.0V, unless otherwise specified.)
Symbol Parameter Test Conditions Min Typ Max Unit
Vuvio |Input UVLO — 16 19 25 Vv
Ison  |Input Shutdown Current Disabled, lout = 0 . 0.5 1 pA
la Input Quiescent Current Enabled, loyr=0 — 45 70 A
ILeAk Input Leakage Current Disabled, OUT grounded —_ 0.1 1 A
IReV Reverse Leakage Current Disabled, Vin = 0V, Vour = 5V, Irev at Vin = 0.1 1 pA
SOT25, MSOP-8, SO-8, _ 95 115
Vin = 5V, Ta=+25°C |MSOP-8-EP
lour = 1.5A U-DFN2018-6 — 90 110
Ros(on)  |Switch On-Resistance 40°C < Tas +85°C = — 140 mQ
Vin = 3.3V, Ta= +25°C - 120 140
lour=1.5A  1.40°C s Tas +85°C — — 170
IsHort  |Short-Circuit Current Limit Enabled into short circuit, C,=120uF — 2.0 — A
lumr  [Over-Load Current Limit Vin =5V, Vour = 4V, CL= 120pF, -40°C < Ta< +85°C 1.6 21 26 A
Irig Current Limiting Trigger Threshold  |Output Current Slew Rate (<100A/s) , C, = 120pF — 26 A
Vi EN Input Logic Low Voltage ViN=2.7V10 5.5V — — 0.8 \"
ViH EN Input Logic High Voltage ViN=2.7V to 5.5V 2 —_ — Vv
IsINK EN Input Leakage Ven = 5V == — 1 A
toony  |Output Turn-On Delay Time C = 1pF, Roap = 10Q —_ 0.05 ms
tr Output Turn-On Rise Time CL= 1uF, Rioap = 10Q = 0.6 15 ms
toorF)  [Output Turn-Off Delay Time CL = 1uF, RLoap = 10Q - 0.05 — ms
te Output Turn-Off Fall Time CL= 1pF, RLoap = 10Q — 0.05 0.1 ms
RrLG FLG Output FET On-Resistance IrLg =10mA - 20 40 Q
taiank  |FLG Blanking Time Cin= 10pF, CL= 22F 4 7 15 ms
tois Discharge Time CL= 1yF, Vin = 5V, disabled to Vour < 0.5V = 0.6 = ms
Rois Discharge Resistance (Note 5) Vin = 5V, di lout= 1mMA - 100 — Q
Tsuon  |Thermal Shutdown Threshold Enabled, R oap = 1kQ o +140 A °C
Tuys |Thermal Shutdown Hysteresis — - +25 —_ °C
SOT25 (Note 6) — 170 —
i . SO-8 (Note 6) — 127 —
B ;t:;ir:raﬂl Resistance Junction-to- MSOP-8 (Note 6) — 118 — °CW
MSOP-8-EP (Note 7) - 67 —
U-DFN2018-6 (Note 7) — 70 —_
Notes: 5. The discharge function is active when the device is disabled (when enable is de-asserted). The discharge function offers a resistive discharge path for
the external storage capacitor.
6. Device mounted on FR-4 substrate PCB, 20z copper, with minimum recommended pad layout.
7. Device mounted on 2" x 2" FR-4 substrate PCB, 20z copper, with minimum recommended pad on top layer and thermal vias to bottom layer ground
plane.
AP2181D/AP2191D 40f 17 January 2018
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STy Rt | AP2181D/AP2191D |

Typical Performance Characteristics

Ven ; 50% 50%, Ven m
| |

|
g !  to(orr)
el >

I I
I ! >t I te
I I

to | | t | | [

(ON) | 90% 90% | D(ON)| 90% 90% |

Vour [ | | Vour [ | |
10% 10% 10% 10%

Figure 1. Voltage Waveforms: AP2181D (Left), AP2191D (Right)

All Enable Plots are for AP2181D Active Low

Turn-On Delay and Rise Time Turn-Off Delay and Fall Time
Ven T
5Vidiv
VEN
5V/div
|
Vour
2V/di
C.=1pF
Ta=+25°C
RL=10Q
100ps/div ) 100ps/div
Turn-On Delay and Rise Time Turn-Off Delay and Fall Time
VEN T
5V/div Ver
5V/div
Vour
2Vidiv
Cu= 120pF
C.= 120pF Ta=25°C
Vour Ta=+25°C R.=10Q
2V/div R.=10Q
500ps/div 500ps/div
AP2181D/AP2191D 50f17 January 2018
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AP2181D/AP2191D |

Typical Performance Characteristics (cont)

_ Short Circuit Current, Device Enabled Into Short

Short Circuit with Blanklng Time and Recovery

Ven ! Vin= 5V V=5V ‘
" NT INT
ey Ta=+25°C b Ta=+25°C }
= lour B
Cu= 120pF S { Ci=1200F |
|
| Vrag r i
|5V/div
poe

'DUT
500mA/div
500ps/div

0.6Q Load Connected to Enabled Device

e HM A

50ms/div

w f -
|
|

Power On with Full Load

ot ‘ Yo o
v Ta= +25°C
- Vin
Co=1200F || Vv /
lour -
500mA/div /
lour Vm;‘
1A/div [diy, /f
out
; /) Ta= +25°C
[ A
o Sy C=120pF
R.=3.30
2ms/div 1ms/div

UVLO Increasing With Full Load

UVLO Decreasing With Full Load

Ta=+25°C
Cu=22yF
L =3.3Q
vIN
2V/div
VIN
2Vidiv
lour
., 500 iv
Ta=+25°C
1 C.=22yF
R.=3.30
BoT ]
500mA/div
1ms/div
10ms/div
AP2181D/AP2191D 6 of 17 January 2018
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AP2181D/AP2191D

Typical Performance Characteristics (cont)

Discharge Time
_ (No Load Resistance) ) ) Inrush Current
' Ih= 1250 SVidiy ‘ Yus oV
Vour 1 Vin=5V T Ta=+25°C
2Vidiv | Cu=120pF No Load R.=3.30
<«— C.=470pF Resistance
y '«— CL=470pF
Cu=22pF / ;
v .
74 i
/+——CL=100pF C.=2204F
—
Ven . out G
2Vidiv. 500mA/div
100ms/div 1ms/div
Turn-On Time vs Input Voltage Tum-Off Time vs Input Voltage
850 55 T T T
C.=1pF
0. % Ri=10Q —
. P % ™~ Ta= +265°C
3 0 — S
g // é
E 550 — 5 4
o
5 450 Co=1pyF  — £ 3 ~
R.=10Q e
350 Ta=+26°C — 30
250 | | 25
15 2 25 3 35 4 45 5 65 6 15 2 25 3 35 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
Rise Time vs Input Voltage Fall Time vs Input Voltage
650 25
600 / 24
550
il " o
L. ~ -
k] - s C.=1pF
® / g;}gg _ v / R.=100
® ,/ Ta=+25°C © Ta=+26°C __|
300 19
2 25 3 35 4 45 5 55 6 2 25 3 35 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
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Typical Performance Characteristics (cont)

Supply Current, Output Enabled vs Ambient Temperature Supply Current, Output Disabled vs Ambient Temperature
P _ 09
3 S 0s V= 5.5V .
- Vin = 5.0V 3 Vi = 5.0V s
K1 5 07 y
Pl veessy \ 1
i Eos V=33V >
L\ =T =
o © o4
- a7 -
=" e | |10 e
2 Vin=3.3V © o2
‘E 2 3&‘ w =27V
a g —%
27 00
60 40 20 0 20 40 60 80 100 60 40 20 0 20 40 60 80 100
‘Ambient Temperature (°C) Ambient Temperature (°C)
Static Drain-Source On-State Resistance vs Ambient Short-Circuit Output Current vs Ambient Temperature
Temperature
260
180 =
i Vin=27V T, ] G 100HF
] g £ - =
- BT g Vin=2.7V Vin=3.3V Vjn = 5.0V
g g 1% ~, S 240 N\ >
8 g 140 ﬂ/ 3 \ /\ | —
33w s Jos
2 % 120 _— e 5 y —
s & 22
S 10 &
§ 2 / / Vi =5V 3 w0l / i
LI Jo
= 3 Vin = 5.5V
60 -0 20 0 20 40 80 80 100 60 40 20 0 20 40 60 80 100
Ambient Temperature (°C) Ambient Temperature (°C)
Undervoltage Lockout vs Ambient Temperature Threshold Trip Current vs Input Voltage
215 324
12
S 210 <
; UVLO Rising i
= E e
g 205 H
] / / £ a8 / =
o oo |
g UVLO Falling .. -
S 195 £ o /
190 308
-0 40 20 0 2 40 60 a0 100 28 33 38 43 48 53
Ambient Temperature (°C) Input Voltage (V)
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Application Note

The AP2181D and AP2191D are integrated high-side power switches optimized for Universal Serial Bus (USB) that require protection functions.
The power switches are equipped with a driver that controls the gate voltage and incorporates slew-rate limitation. This, along with the various
protection features and special functions, make these power switches ideal for hot-swap or hot-plug applications.

Protection Features:

Under-Voltage Lockout (UVLO)

Under-voltage lockout function (UVLO) guarantees that the internal power switch is initially off during start-up. The UVLO functions only when the
switch is enabled. Even if the switch is enabled, the switch is not tumed ON until the power supply has reached at least 1.9V. Whenever the input
voltage falls below approximately 1.9V, the power switch is turned off. This facilitates the design of hot-insertion systems where it is not possible to
turn off the power switch before input power is removed.

Over-Current and Short Circuit Protection

An internal sensing FET is employed to check for over-current conditions. Unlike current-sense resistors, sense FETs do not increase the series
resistance of the current path. When an overcurrent condition is detected, the device maintains a constant output current and reduces the output
voltage accordingly. Complete shutdown occurs only if the fault stays long enough to activate thermal limiting.

The different overload conditions and the corresponding response of the AP2181D/AP2191D are outlined below:

S.

NO Conditions Explanation Behavior of the AP2181D/AP2191D

Output is shorted before input
1 Short circuit condition at start-up voltage is applied or before the
part is enabled.

The IC senses the short circuit and immediately clamps
output current to a certain safe level namely it

At the instance the overload occurs, higher current may flow
. for a very short period of time before the current limit function
Short-circuit or over current Stiott:circult or:overlosid can react
2 ” condition that occurs when the i . . .
condition X After the current limit function has tripped (reached the over-
part is enabled. ; . 7 :
current trip threshold), the device switches into current

limiting mode and the current is clamped at I jwiT.

. . Load increases gradually until The current rises until Itric or thermal limit. Once the
Gradual increase from nominal > 2 2 £
3 B A—— the current-limit threshold has been reached, the device switches into its
PetEing ] threshold. (ITric) current limiting mode and is set at Iur.

Note that when the output has been shorted to GND at an extremely low temperature (< -20°C), a minimum 120pF electrolytic capacitor on the
output pin is recommended. A correct capacitor type with capacitor voltage rating and temperature characteristics must be properly chosen so that
capacitance value does not drop too low at the extremely low temperature operation. A recommended capacitor should have temperature
characteristics of less than a 10% variation of capacitance change when operated at extremely low temperatures. Our recommended aluminum
electrolytic capacitor type is Panasonic FC series.

Thermal Protection

Thermal protection prevents the IC from damage when the die temperature exceeds safe margins. This mainly occurs when heavy-overload or
short-circuit faults are present for extended periods of time. The AP2181D/AP2191D implements thermal sensing to monitor the operating junction
temperature of the power distribution switch. Once the die temperature rises to approximately +140°C, the Thermal protection feature gets
activated as follows: The internal thermal sense circuitry turns the power switch off and the FLG output is asserted thus preventing the power
switch from damage. Hysteresis in the thermal sense circuit allows the device to cool down to approximately +25°C before the output is turned
back on. The built-in thermal hysteresis feature avoids undesirable oscillations of the thermal protection circuit. The switch continues to cycle in
this manner until the load fault is removed, resulting in a pulsed output. The FLG open-drain output is asserted when an over-current occurs with
7ms deglitch.

Reverse Current Protection

In a normal MOSFET switch, current can flow in reverse direction (from the output side to the input side) when the output side voltage is higher
than the input side, even when the switch is turned off. A reverse-current blocking feature is implemented in the AP21x1 series to prevent such
back currents. This circuit is activated by the difference between the output voltage and the input voltage. When the switch is disabled, this feature
blocks reverse current flow from the output back to the input.
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Application Note (cont)

Special Functions:

Discharge Function

When enable is de-asserted, the discharge function is active. The output capacitor is discharged through an internal NMOS that has a discharge
resistance of 100Q. Hence, the output voltage drops down to zero. The time taken for discharge is dependent on the RC time constant of the
resistance and the output capacitor.

FLG Response

The FLG open-drain output goes active low for any of the two conditions: Over-Current or Over-Temperature. The time from when a fault condition
is encountered to when the FLG output goes low is 7ms (TYP). The FLG output remains low until both over-current and over-temperature
conditions are removed. Connecting a heavy capacitive load to the output of the device can cause a momentary Over-current condition, which
does not trigger the FLG due to the 7ms deglitch timeout. This 7ms timeout is also applicable for Over-current recovery and Thermal recovery.
The AP2181D/AP2191D is designed to eliminate erroneous Over-current reporting without the need for external components, such as an RC
delay network.

Power Supply Considerations

A 0.01pF to 0.1pF X7R or X5R ceramic bypass capacitor between IN and GND, close to the device, is recommended. This limits the input voltage
drop during line transients. Placing a high-value electrolytic capacitor on the input (10pF minimum) and output pin(s) is recommended when the
output load is heavy. This precaution also reduces power-supply transients that may cause ringing on the input. Additionally, bypassing the output
with a 0.01pF to 0.1uF ceramic capacitor improves the immunity of the device to short-circuit transients. This capacitor also prevents output from
going negative during turn-off due to inductive parasitics.

Power Di and Temp:
The low on-resistance of the internal MOSFET allows the small surface-mount packages to pass large current. Using the maximum operating
ambient temperature (Ta) and Rps(on), the power dissipation can be calculated by:

Po = Rosonx 2
The junction temperature can be calculated by:
Ts=PpxResa+ Ta

Where:

Ta= Ambient Temperature °C
Reya = Thermal Resistance
Pp = Total Power Dissipation

Generic Hot-Plug Applications

In many applications it may be y to remove modules or PC boards while the main unit is still operating. These are considered hot-plug
applications. Such implementations require the control of current surges as seen by the main power supply and the card being inserted. The most
effective way to control these surges is to limit and slowly ramp up the current and voltage being applied to the card, similar to the way in which a
power supply normally turns on. Due to the controlled rise and fall time of the AP2181D/AP2191D, these devices can be used to provide a softer
start-up to devices being hot-plugged into a powered system. The UVLO feature of the AP2181D/AP2191D also ensures that the switch is off after
the card has been removed, and that the switch is off during the next insertion.

By placing the AP2181D/AP2191D between the Vcc input and the rest of the circuitry, the input power reaches these devices first after insertion.
The typical rise time of the switch is approximately 1ms, providing a slow voltage ramp at the output of the device. This implementation controls
the system surge current and provides a hot-plugging mechanism for any device.

Dual-Purpose Port Applications

AP2181D/AP2191D is not recommended for use in dual-purpose port applications in which a single port is used for data communication between
the host and peripheral devices while simultaneously maintaining a charge to the battery of the peripheral device. An example of such a non-
recommended application is a shared HDMI/MHL (Mobile High-definition Link) port that allows streaming video between an HDTV or set-top box
and a smartphone or tablet while maintaining a charge to the smartphone or tablet battery. Since the AP2181D/AP2191D includes an embedded
discharge feature that discharges the output load of the device when the device is disabled, the batteries of the connected peripheral device will
be subject to continual discharge whenever the AP2181D/AP2191D is disabled. In addition, if the output of the AP2181D/AP2191D is subjected to
a constant voltage that would be present during a dual-purpose port application such as MHL, an overstress condition to the device’s discharge
MOS transistor may result.
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Ordering Information
AP21 _Xr1 DXXG -X
[
| Enable | I Channel | | Package ] | Green | | Packing ]
8:ActiveLow 1:1Channel W: SOT25 G:Green 7:7" Tape & Reel
9 : Active High S$:8S0-8 13:13” Tape & Reel
M8 : MSOP-8
MP : MSOP-8EP
FM : U-DFN2018-6
Package 7”/13” Tape and Reel Status
Part Number (Note 9) Package Code Quantity (Note 8)
AP2181DWG-7 SOT25 S 3000 In Production
AP2181DSG-13 SO-8 SN 2500 In Production
AP2181DMPG-13 MSOP-8EP MP 2500 In Production
AP2181DFMG-7 U-DFN2018-6 M 3000 In Production
AP2191DWG-7 SOT25 S 3000 In Production
AP2191DSG-13 SO-8 SN 2500 In Production
AP2191DM8G-13 MSOP-8 M8 2500 In Production
AP2191DMPG-13 MSOP-8EP MP 2500 In Production
AP2191DFMG-7 U-DFN2018-6 FM 3000 In Production
Notes: 8. AP2181DM8G-13 is End of Life (EOL) and recommended alternative is AP2181DMPG-13 or AP2191DM8G-13.
9. For packaging details, go to our website at: https://www.diodes. i ing/di P gil
Marking Information
(1) so-8
(Top View)
6]l [ [o [s]
Logo : : I 1:1 Channel
-« YY : Year: 08, 09,10~
;azcﬁ:‘: 0 AP21XXD VW : Week : 01~52; 52
9’ Active High YY WW X X represents 52 and 53 week
=== T X : Internal Code
0 ———» G : Green
O B B W
(2) MSOP-8
( Top view)
(8] [7] [6] [s]
" T X:Internal Code
Logo «—— )} | YWX
Y: Year :0~9
PartNumber «+—— AP21X 1 D w :W2e7ek 5:2A~Z :k1 ~26 week; s
S R a~z: 27~52 week;z represen
9: Active High o 52and 53 week
> 1:1Channel
[ 2 [3f T
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Marking Information (cont)

(3) MSOP-8EP

( Top view)

@ [ 6 B
1 T X:Internal Code
Logo «—— ) | | YWX E+—> MSOP-8EP

Y: Year :0~9
PartNumber «——AP21 X1 D W: Week : A~Z : 1~26 week;
N

8 :Active Low «—| a~z: 27~52 week; z represents
9 : Active High O 52 and 53 week

Ill EI |§_’ Iil 1:1 Channel

(4) SOT25
( Top View)
[5] [4]
XX : Identification code
Y :Year0~9
XXYWX W : Week : A~Z : 1~26 week;

a~z : 27~52 week; z represents
52 and 53 week

17 [2] [3] X:A~Z:Green

Device Pack Type Identification Code
AP2181DW SOT25 JE
AP2191DW SOT25 JF
(5) U-DFN2018-6
(Top View)
XX : Identification Code
XX Y : Year: 0~9
YWX W : Week : A~Z : 1~26 week;
. a~z : 27~52 week; z represents

52 and 53 week

X :A~Z: Green
Device Package Type Identification Code
AP2181DFM U-DFN2018-6 JE
AP2191DFM U-DFN2018-6 JF
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Package Outline Dimensions
Please see http://www.diodes.com/package-outlines.html for the latest version.

(1) so-8
HAHAHA )
Dim | Min Max | Typ
A | 140 | 150 | 1.45
| I — A1 | 010 | 0.20 | 0.15
o b | 030 | 050 | 0.40
1 c | 015 | 025 | 0.20
D | 485 | 495 | 490
Ij H H.Hf E | 590 | 6.10 | 6.00
b - E1 | 380 | 3.90 | 3.85
. R S o E0 | 385 95 | 3.90
0% Q e = - 127
L = 5 j . h | - — [035
— 1 4':3'%‘:[ ; = L [ 062 [ 082 [072
mall; 1 ", Pie Q | 060 | 0.70 | 0.65
& T_ie' (¥ L. 4 o Al Dimensions in mm
(2) MsoP-8
D
[ msops
m m m | | IDim [ Min [Max [ Typ
LI A | - [110] -
A1 [0.05[0.15] 0.10
025— A2 [0.75 0. 0.86
e poae—»> A3 [0.29[0.49] 0.39
B B i b [0.22]0.38] 0.30
;_@ e c [0.08]023] 0.1
1 e D [2.90[3.10 | 3.00
} "U m U E [4.70 |5.10 | 4.90
E1 [2.90[3.10] 3.00
! b E3 [2.853.05] 2.95
} | e e | - | - |065
| ST W W [ | 27 L_ L 10.40]0.80] 0.60
g T I - i a0 18 | 4
i T T+ i x | - | - [0.750
il < ‘ £ 2 y [ - - [0.750
Zs“wc All D n mm

(3) MSOP-8EP

= MSOP-8EP

Dim | Min | Max | Typ

m m A | - [110 [ -
=it A1_|0.05] 0.15 | 0.10

A2 |0.75]| 0.95 | 0.8€

| A3 [0.29] 0.49 | 0.
L b _[0.22] 0. 0.30
T c_|0.08] 0.23 [ 0.15
1 D |2.90] 3.10 | 3.00
} U U D1 [1.60] 2.00 | 1.80
: E [470] 510 [ 4.90
. E1 [2.90] 3.10 | 3.00
| E2 [1.30] 1.70 | 1.50
! — E3 [285] 3.05 | 295
A e - - | 065
1 At L [040] 0.80 | 0.60
1 a [0 | & | &4
x | - - 0.750
y - - 10750

All Dimensions in mm
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Package Outline Dimensions (cont)

Please see http://www.diodes.com/package-outlines.html for the latest version.
(4) SOT25
At

(5) U-DFN2018-6

) A3
A
SEATING PLANE
A1

Pin#1 ID N D

SO0T25

=)
3

Min [ Max | Typ

0.35 [0.50(0.38

1.50 |1.70|1.60

2.70 [3.002.80

- 1095

2.90 {3.10(3.00

0.013]0.100.05

1.00 |1.30]1.10

0.35 [0.550.40

0.10 10.20]0.15

0.70 {0.80(0.75

R [Z|S|r|X|«|T|O|O|m|>

0

8°

2

Dimensions in mm

U-DFN2018-6

Dim

Max | Typ

A

0.545

0.605 | 0.575

A1l

0

0.05 | 0.02

A3

0.13

b

0.15

025 | 0.20

1.750

1875 | 1.80

D2

1.30

1.50 | 1.40

- 0.50

E

1.95

2075 | 2.00

E2

0.90

1.10 | 1.00

L

0.20

0.30 | 0.25

0.30

z =
All Dimensions in mm

Suggested Pad Layout

Please see http://www.diodes.com/package-outlines.html for the latest version.

(1) so-8

fe———— X1 ——l
| m m m

v——

g

C —=f X j=—

AP2181D/AP2191D 14 0f 17
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Suggested Pad Layout (cont)
Please see http://www.diodes.com/package-outlines.html for the latest version.
(2) MSOP-8
X JE
—i Dimensions | Value
‘ oo (in mm)
1! C 0.650
X 0.450
Y 1.350
Y1 Y1 5.300
(3) MSOP-8-EP
X R
G ']
I:]: |:1:| | Dimensions (i\|l1 a'::';)
C 0.650
f G 0.450
% vi X 0.450
X1 2.000
X ‘ Y 1.350
Y1 1.700
m II m |:| Y2 5.300
(4) SOT25
fe-cofec2n]
T T Z 3.20
G 1.60
z 8 a1 X 0.55
4 1 Y| 080
yl+ + c1 2.40
[
(5) U-DFN2018-6
X Cc
]
YI I: n 4 s Value
Dimensions (in mm)
C 0.50
Y1 G 0.20
X 0.25
’ X1 1.60
5 Y 0.35
I::l *T Y1 1.20
X1
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Taping Orientation (Note 10)

For U-DFN2018-6

Top cover
tape thickness

Note: 10. The taping orientation of the other package type can be found on our website at http://www.diodes. pl 7.pdf.
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and inative format by Diodes Incorp R

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2018, Diodes Incorporated

www.diodes.com
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0.5A DUAL CHANNEL CURRENT-LIMITED POWER SWITCH
Description Pin Assignments
The AP2146 and AP2156 are integrated high-side power switches
optimized for Universal Serial Bus (USB) and other hot-swap (Top View)
applications. The family of devices complies with USB 2.0 and °
available with both polarities of Enable input. They offer current and EN1 E E] ouT1
thermal limiting and short circuit protection as well as controlled rise FLG1 Iz Z] N
time and under-voltage lockout functionality. A 7ms deglitch capability
on the open-drain Flag output prevents false over-current reporting
2|3 6
and does not require any external components. FLG E :] oD
All devices are available in SO-8 and MSOP-8EP packages. EN2 E E ouT2
SO-8

Features

( Top View)
e Dual USB port power switches -
e Over-Curent and Thermal Protection EN1 ] 81 OUT1
e 0.8A Accurate Current Limiting FLG1 2] 7 1IN
*  Reverse Current Blocking

3 61 GND
*  90mQ On-Resistance FLG2 [
« Input Voltage Range: 2.7V - 5.5V EN2 2] 51 OuT2
e 0.6ms Typical Rise Time
MSOP-8EP
e  Very Low Shutdown Current: 1pA (Max)
*  Fault Report (FLG) With Blanking Time (7ms Typ)
*  ESD Protection: 6KV HBM, 300V MM . :
] Application
*  Active Low (AP2146) or Active High (AP2156) Enable PP cations
*  Ambient Temperature Range -40°C to +85°C e  Consumer Electronics — LCD TV & Monitor, Game Machines
e SO-8 and MSOP-8EP (Exposed Pad): Available in “Green” «  Communications — Set-Top-Box, GPS, Smartphone
Molding Compound (No Br, Sb) «  Computing — Laptop, Desktop, Servers, Printers, Docking Station,

= Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2) HUB
= Halogen and Antimony Free. “Green” Device (Note 3)

* UL Recognized, File Number E322375

. IEC60950-1 CB Scheme Certified

Notes: 1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS) & 2011/65/EU (RoHS 2) compliant.
2. See http:/iwww.diodes.com/quality/lead_free.html for more information about Diodes Incorporated's definitions of Halogen- and Antimony-free, "Green"
and Lead-free.
3. Halogen- and Antimony-free "Green" products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + CI) and
<1000ppm antimony compounds.

Typical Applications Circuit

Power Supply .
IN ouT1 Load
2.7V to 5.5V
s [ L L Lo Lor
210k 10k Tour 1_0.1.;:-' I
FLG1 OUuT2 . icad
FLG2 Lor Lresyr
ON —— EN1 I
OFF EN2 N
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Available Options
Enable Pin Current Limit Recommended Maximum
Fart Number. Channol (EN) (Typ) Continuous Load Current
AP2146 2 Active Low 0.8A 0.5A
AP2156 2 Active High 0.8A 0.5A

Pin Descriptions

Pin Number
Pin Name 5038 MSOPSEP Function
EN1 1 1 Switch 1 enable input, active low (AP2146) or active high (AP2156)
FLG1 2 2 Switch 1 over-current and over-temperature fault report, open-drain
FLG2 3 3 Switch 2 over-current and over-temperature fault report, open-drain
EN2 4 4 Switch 2 enable input, active low (AP2146) or active high (AP2156)
0ouT2 5 5 Switch 2 voltage output pin
GND 6 6 Ground
IN 7 7 Voltage input pin
OuT1 8 8 Switch 1 voltage output pin
Exposed Pad:
Exposed Pad - Exposed Pad (It should be connected externally to GND and thermal mass for enhanced thermal impedance.
It should not be used as electrical ground conduction path.

Functional Block Diagram

Thermal
Sense
Deglitch
| I |
EN1 Driver cu."e.m
Limit

uvLO GND

cs ouT1
\_/ L]

;Dl . Current
EN2| I | Driver |—| Limit

Thermal

Sense GND
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Absolute Maximum Ratings (@Ta = +25°C, unless otherwise specified.)
Symbol Parameter Rating Unit
ESD HBM Human Body Model ESD Protection 6 kV
ESD MM Machine Model ESD Protection 300 \4
Vin Input Voltage 6.5 \Y
Vout Output Voltage Vin +0.3 v
Ven , VriG Enable Voltage 6.5 Vv
ILoAD Maximum Continuous Load Current Internal Limited A
Tymax) Maximum Junction Temperature +150 °C
Tst Storage Temperature Range (Note 4) -65 to +150 °C
Note: 4. UL Recognized Rating from -30°C to +70°C (Diodes qualified Ts from -65°C to +150°C).
Recommended Operating Conditions (@7, = +25°C, unless otherwise specified.)
Symbol Parameter Min Max Unit
Vin Input Voltage 27 55 v
lout Output Current 0 500 mA
Vi Low-Level Input Voltage on EN or EN 0 0.8 v
Vi High-Level Input Voltage on EN or EN 2 ViN v
Ta Operating Ambient Temperature -40 +85 °C
AP2146/AP2156 30f17 January 2016
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Electrical Characteristics @ta=+25°C, Cin = 10yF, Vin = +5V, unless otherwise specified.)

Symbol Parameter Test Conditions Min | Typ | Max | Unit
Vuvio  |Input UVLO RiLoap = 1kQ 1.6 1.9 25 \%
Ision  |Input Shutdown Current Disabled, lour=0 - 0.5 1 HA
la Input Quiescent Current, Dual Enabled, loyt=0 - 95 140 | pA
ILeak Input Leakage Current Disabled, OUT grounded - - 1 HA
IRev Reverse Leakage Current Disabled, Vin = 0V, Vour = 5V, lrev at Vin = 1 = BA
O = 1 %0 ] 195 L
Ros(on)  |Switch On-Resistance [so-8 - [ 100 | 135 | ma
Vin = 3.3V, lout = 0.5A, -40°C < Ta< +85°C - 120 | 160 | mQ
IshorT  |Short-Circuit Current Limit Enabled into short circuit, C, = 68uF - 0.7 - A
lumim Over-Load Current Limit Vin = 5V, Vour = 4.8V, CL= 120pF, -40°C < Ta< +85°C 0.6 0.8 1.0 A
I1rig Current Limiting Trigger Threshold Vin = Ven, Output Current Slew rate (<100A/WS), Cp = 22uF - 1.0 - A
Tsrort  [Short-Circuit Response Time Vour = 0V to lour = lumiT (short applied to output), CL = 22uF | - 20 - us
Vi EN Input Logic Low Voltage Vin = 2.7V to 5.5V - - 08 | v
Vi EN Input Logic High Voltage Vin = 2.7V to 5.5V 2 - - \4
ISINK EN Input Leakage Ven= 5V - - 1 HA
Toon)  [Output Turn-On Delay Time C=1pF, RLoap = 10Q - 0.05 ms
Tr Output Turn-On Rise Time CL=1pF, RLoap = 10Q - 0.6 15 | ms
Toorr) |Output Turn-Off Delay Time C =1pF, Rioap = 10Q - 0.01 ms
Tr Output Turn-Off Fall Time Ci=1pF, Rioap = 10Q - 005 | 0.1 | ms
RFLG FLG Output FET On-Resistance lrLG =10mA - 20 40 Q
Teank  |FLG Blanking Time Cin=10pF, C_ = 68pF 4 7 15 ms
Tsvon | Thermal Shutdown Threshold Enabled, RLoap = 1kQ - +140 - °C
Thys Thermal Shutdown Hysteresis - - +25 - °C
8ua Thermal Resistance Junction-to-Ambient zggp(t‘::z ?l)\lole 5 : ! 61 (;) _ :gm
Notes: 5. Test condition for SO-8: Device mounted on FR-4 2-layer board, 20z copper, with minimum recommended pad layout.
6. Test condition for MSOP-8EP: Device mounted on FR-4 2-layer board, 20z copper, with minimum recommended pad on top layer and 3 vias to bottom
layer ground plane.
AP2146/AP2156 40f 17 January 2016
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Typical Performance Characteristics

Ven 50% 50% Ven m
| |
|

Figure 1. Voltage Waveforms: AP2146 (Left), AP2156 (Right)

All Enable Plots are for AP2146 Active Low

Channel 1 Turn-On Delay and Rise Time Channel 1 Turn-Off Delay and Fall Time
P
Ven 1 Ven 1
SVidiv SVidiv
e pee B RS e Ci=1yF
Ta=+25°C
Vout 1 Vout 1 R=10Q
2Vidiv 2Vidiv
CL=1pF — ssm——
Ta=+25°C
Ri=100
500ps/div 2 500ps/div
Channel 2 Turn-On Delay and Rise Time i Channel 2 Turn-Off Delay and Fall Time
]
Ven 2 Ven 2
5Vidiv 5Vidiv
Ci=1yF
Ta=+25"C
Vout 2 Vout 2 R =100
2vidiv 2Vidiv
CL=1pF -
TA=+25°C
R.=10Q
500ps/div 500ps/div
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Typical Performance Characteristics (cont)

Channel 1 Turn-On Delay and Rise Time

Channel 1 Turn-Off Delay and Fall Time

——
pag SRS -
Ven 1 Ven 1
5Vidiv 5Vidiv
e ————————————— | — CL=100uF
- p— Ta=425°C
Vout 1 - Vout 1 Ri=100
2vidv 2Vidiv N
e’ C =100uF — e r—
Th=+25°C
R=10Q
500us/div 500ps/div
Channel 2 Turn-On Delay and Rise Time Channel 2 Turn-Off Delay and Fall Time
—
%y — 4
Ven2 Ven2
5Vidiv 5Vidiv
o Ne— N— CL=100uF
W e TA=+25°C
/ 1 R=10Q
Vout 2 Vout 2 N
2vidiv._/ 2Vidiv s
—_— C=100uF —— —
Ta=+25°C
Ri=100
500ps/div 500ps/div
Channel 1 Short Circuit Current, Channel 2 Short Circuit Current,
Device Enabled Into Short Device Enabled Into Short
— —
Ven 1 . Ven2
5V/div. v 5Vidiv W
-
lout 1 == lout 2 {
200mA/div | 200mArdiv
/ ViN5V [ Vin=5V
/ Ta=+25°C TA=+25°C
/ Ci=22yF Ci=22yF
500ps/div 500ps/div
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AP2146/AP2156

Typical Performance Characteristics (cont)

Channel 1 Inrush Current

Channel 2 Inrush Current

Ven 1
5Vidiv Ven2
v ¥
C=100uF V=5V C.=100uF —
T)=+25"C Ti=425°C
/ R=100 / R=10Q
lout 2
200mA/div
C.=470uF
C,=2200F » C.=2200F »
L I
1ms/div 1ms/div
Channel 1 Channel 1
1 Q Load Connected to Enabled Device 2Q) Load Connected to Enabled Device
Vin=5V Vin=5V
Ta=+25°C Ta=+25"C
CL=22yF CL=22yF
Vifiag 1 +  Viag1 R
2Vidiv 2Vidiv
| ]
lout 1 lout 1 |
1A/div] I 1AVGiV] N
2ms/div 2ms/div
Channel 2 Channel 2
1 Q Load Connected to Enabled Device 2Q Load Connected to Enabled Device
Vin=5V Vin=5V
Ta=+25"C Ta=+25°C
Ci=22yF CL=22yF
Vflag 2 v Vilag2 a4
2Vidiv T 2vidiv v
| |
lout2 | lout 2 ||
1A/div] | 1A/div| S
2ms/div 2ms/div
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Typical Performance Characteristics (cont)
Channel 1 Channel 2
Short Circuit with Blanking Time aqd Recovery Short Circuit with Blanking 11n3e and Recovery
Vout Vin=5V Vout Vin=sv
5Vidiv —e e Ta=+25°C SVidiv e e Ta=+25"C
Ci=22yF CL=22uF
B o e
Vfiag «1 Vfag o
5Vidiv —— o SVidiv —————————esese o
lout fout B —
1A/div 1A/div
20ms/div 20ms/div

Channel 1 Power On Channel 2 Power On

Vflag
Vflag .
5Vidiv = V ,
.
xd “»
Ta=+25°C
™

Tout Ta=+25°C fout

200mA/div Ci=22uF 200mA/div Ci=22yF
f——— R=100 = R =100

Ven ven

5Vidiv 5Vidiv

I/ Vin‘/

Vin
"—SVfaiv
1ms/div 1ms/div
Channel 1 UVLO Increasing Channel 1 UVLO Decreasing
Ta=+25°C
C=22F
vin vin -\ R=100
2Vidiv Ta=425°C 2vidiv -\,
CL=22F
RL=100
lout lout
200mA/div 200mAVdiv
w
1ms/div 10ms/div
AP2146/AP2156 8 of 17 January 2016
www.diodes.com © Diodes Incorporated

Document number: DS31813 Rev. 4 - 2



Issue Date: 2024-07-24 Page 182 of 252 Report Reference # E322375-A6029-CB-1

Enclosures

Manuals 1D 06-09

imconromaren AP2146/AP2156

Typical Performance Characteristics (cont)

Channel 2 UVLO Increasing Ch | 2 UVLO D

Ta=+25°C
Ci=22yF

Vin / vin O\ R=100
2Vidiv e — viv N\

2 C=22yF
/ R=100

lout lout
200mA/div 200mA/div

1ms/div 10ms/div
Channel 1 Enabled and Shorted with Channel 2 Disabled Channel 1 Disabled and Channel 2 Enabled

Vout 1 «1 Venl
5Vidiv {RR——. o SVidiv .
7
P
Vout 2 Vout 1/
5Vidiv S5Vidiv
2
Ta=+25°C o
Vflag 1 A=+ 5Vidiv
5Vidiv C=22yF Ta=+25C
C=22yF
lout 2
500mA/div Vout 2
S5Vidiv
100ms/div
50ms/div
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Typical Performance Characteristics (cont)
Turn-On Time vs Input Voltage Tumn-Off Time vs Input Voltage
800 3
o — 31
600 “ C=1yF
) Bz R=10Q
2 w0 L El Ta=+25°C
£ £
400
=
5 &2 ™~
g %0 £
2 - C=tyfF P 20
R.=100 '\
100 Ta=+25C | 28
0 | 28
15 2 25 3 a5 4 45 5 55 6 15 2 25 3 35 4 45 B 55 6
Input Voltage (V) Input Voltage (V)
Rise Time vs Input Voltage Fall Time vs Input Voltage
600 25
500 2
= 400 =2
L g
s
E 300 E 2
] C=1yF 3 C=1yF
=1yl
" 0 R=100 -2 Ri=100
Ta=+25°C Ta=+25°C
100 —_ 20 —
0 19
15 2 25 3 35 4 45 5 55 6 15 2 25 3 35 4 a5 5 55 6

Input Voltage (V)

Supply Current, Output Enabled vs Ambient Temperature

Supply Current, Output Disabled vs Ambient Temperature

=% _ 1%
3w S i Vin=55V
g Vin =5.0V 2 N
N\ 120
5® \ g Vin = 5.0V \ /
g Vﬁiw / % 3" Vin=3.3V N y
H 3 o080 Lo
e e S
&% Vin =33V Vin=2.7V 3 04 el 24
> >
E 3 E 0.20 1
0 "
30 0.00 +
-60 -40 -20 o 20 40 60 80 100 45 25 5 15 35 55 7% 95
Ambient Temperature (°C) Ambient Temperature (°C)
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Typical Performance Characteristics (cont)

Static Drain-Source On-State Resistance vs Ambient Short-Circuit Output Current vs Ambient Temperature
Temperature
200 710
190 i 700
g 180 I V=27V Vn=33V V=50V
L Vin=27V Vin=33V § %0
o E 3
O 680 1
P B \ .
§ f 140 g /
s 5 o0
s é 130 /\( £ /
o \ £ o0 in = 5.
100 Vin=5V. o
-60 “0 20 o 2 40 60 80 100 60 40 20 0 20 0 60 80 100
Ambient Temperature (°C) Ambient Temperature (°C)
Undervoltage Lockout vs Ambient Temperature Threshold Trip Current vs Input Voltage
205 115
204
UVLO Rising e e e
s 20 T 1
3 202 ‘S’
201 3113
5 200 g
§ =
§ 199 UVLO Falling 32 TA=+25°C
B i C=22yF
S 197 £ —
196
195 1.10
50 40 20 0 20 40 ) 80 100 28 33 38 43 48 53
Ambient Temperature (°C) Input Voltage (V)
Current Limit Response vs Peak Current
45
40 \
2.l \
2.\
g N\
8 25 —
[ 3 Vin=5V
£ 20 —dq
£ Ta=+25°C
:E' 15 C =22yF
3 10 —_
o
5
0
2 3 4 5 6 7 8 9 10
Peak Current (A)
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Application Information

Power Supply Considerations

A 0.01-pF to 0.1-pF X7R or X5R ceramic bypass capacitor between IN and GND, close to the device, is recommended. Placing a high-value
electrolytic capacitor on the input (10-pF minimum) and output pin(s) is recommended when the output load is heavy. This precaution reduces
power-supply transients that may cause ringing on the input. Additionally, bypassing the output with a 0.01-pF to 0.1-pF ceramic capacitor improves
the immunity of the device to short-circuit transients.

Over-Current and Short Circuit Protection

An internal sensing FET is employed to check for over-current conditions. Unlike current-sense resistors, sense FETs do not increase the series
resistance of the current path. When an overcurrent condition is detected, the device maintains a constant output current and reduces the output
voltage accordingly. Complete shutdown occurs only if the fault stays long enough to activate thermal limiting.

Three possible overload conditions can occur. In the first condition, the output has been shorted to GND before the device is enabled or before Vin
has been applied. The AP2146/AP2156 senses the short circuit and immediately clamps output current to a certain safe level namely IupiT.

In the second condition, an output short or an overload occurs while the device is enabled. At the instance the overload occurs, higher current may
flow for a very short period of time before the current limit function can react. After the current limit function has tripped (reached the over-current
trip threshold), the device switches into current limiting mode and the current is clamped at lumit.

In the third condition, the load has been gradually increased beyond the recommended operating current. The current is permitted to rise until the
current-limit threshold (Itrig) is reached or until the thermal limit of the device is exceeded. The AP2146/AP2156 is capable of delivering current up
to the current-limit threshold without damaging the device. Once the threshold has been reached, the device switches into its current limiting mode
and is set at lumit.

Note that when the output has been shorted to GND at extremely low temperature (< -30°C), a minimum 120-pF electrolytic capacitor on the output
pin is recommended. A correct capacitor type with capacitor voltage rating and temperature characteristics must be properly chosen so that
capacitance value does not drop too low at the extremely low temperature operation. A recommended capacitor should have temperature
characteristics of less than 10% variation of capacitance change when operated at extremely low temp. Our recommended aluminum electrolytic
capacitor type is Panasonic FC series.

FLG Response

When an over-current or over-temperature shutdown condition is encountered, the FLG open-drain output goes active low after a nominal 7-ms
deglitch timeout. The FLG output remains low until both over-current and over-temperature conditions are removed. Connecting a heavy capacitive
load to the output of the device can cause a momentary over-current condition, which does not trigger the FLG due to the 7-ms deglitch timeout.
The AP2146/AP2156 is designed to eliminate false over-current reporting without the need of external components to remove unwanted pulses.

Power Dissipation and J ion Temperature
The low on-resistance of the internal MOSFET allows the small surface-mount packages to pass large current. Using the maximum operating
ambient temperature (Ta) and Ros(on), the power dissipation can be calculated by:

Po = Rosion* I
Finally, calculate the junction temperature:
Ts=PoXxRga+Ta
Where:
Ta = Ambient temperature °C
Rgua = Thermal resistance
Pp = Total power dissipation

Thermal Protection

Thermal protection prevents the IC from damage when heavy-overload or short-circuit faults are present for extended periods of time. The

AP2146/AP2156 implements a thermal sensing to monitor the operating junction temperature of the power distribution switch. Once the die
ire rises to approxi ly +140°C due to excessive power dissipation in an over-current or short-circuit condition the internal thermal

sense circuitry turns the power switch off, thus preventing the power switch from damage. Hysteresis is built into the thermal sense circuit allowing

the device to cool down approximately +25°C before the switch tums back on. The switch continues to cycle in this manner until the load fault or

input power is removed. The FLG open-drain output is asserted when an over-temperature shutdown or over-current occurs with 7-ms deglitch.

AP2146/AP2156 12 0f 17 January 2016
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Application Information (cont)

Under-Voltage Lockout (UVLO)

Under-voltage lockout function (UVLO) keeps the internal power switch from being turned on until the power supply has reached at least 1.9V, even
if the switch is enabled. Whenever the input voltage falls below approximately 1.9V, the power switch is quickly turned off. This facilitates the design
of hot-insertion systems where it is not possible to turn off the power switch before input power is removed.

Host/Self-Powered HUBs

Hosts and self-powered hubs (SPH) have a local power supply that powers the embedded functions and the downstream ports (see Figure 2). This
power supply must provide from 5.25V to 4.75V to the board side of the downstream connection under both full-load and no-load conditions. Hosts
and SPHs are required to have current-limit protection and must report over-current conditions to the USB controller. Typical SPHs are desktop
PCs, monitors, printers, and stand-alone hubs.

Power Supply Downstream
USB Ports
3.3v 5V
— D+
AP2146 D-
! N out |- 4——4- Veus
b3 0.1yF 0.1uF—— 68yF
$ I I T l— GND
o f FLG1 D+
usB EN1
Controller : FLG2 ot 5 3
2 1 1 BUS
EN2 GND J-0.1|.|F'u- 68uF GND
) fI B

Figure 2. Typical Two-Port USB Host / Self-Powered Hub

Generic Hot-Plug Applications

In many app ions it may be r y to remove modules or pc boards while the main unit is still operating. These are considered hot-plug
applications. Such implementations require the control of current surges seen by the main power supply and the card being inserted. The most
effective way to control these surges is to limit and slowly ramp the current and voltage being applied to the card, similar to the way in which a
power supply normally turns on. Due to the controlled rise times and fall times of the AP2146/AP2156, these devices can be used to provide a
softer start-up to devices being hot-plugged into a powered system. The UVLO feature of the AP2146/AP2156 also ensures that the switch is off
after the card has been removed, and that the switch is off during the next insertion.

By placing the AP2146/AP2156 between the Vcc input and the rest of the circuitry, the input power reaches these devices first after insertion. The
typical rise time of the switch is approximately 1ms, providing a slow voltage ramp at the output of the device. This implementation controls system
surge current and provides a hot-plugging mechanism for any device.

AP2146/AP2156 13 0f 17 January 2016
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Ordering Information

AP21X6 XX G -X
TTTT

[ 1

| Enable | | Channel | | Package I | Green | | Packing |

4: ActiveLow 6:2Channel S:S0-8 G : Green 13:13” Tape & Reel

5: Active High MP : MSOP-8EP

—_ 13” Tape and Reel
Part Number Package Code F Quantity Part Number Suffix
AP21X6SG-13 S SO-8 2500/Tape & Reel -13
AP21X6MPG-13 MP MSOP-8EP 2500/Tape & Reel -13

Marking Information

(1) SoO-8

( Top view)

[l [7] [6] [s]
N

[ —— 6: 2 Channel

Part Number ¢—— AP21§ X ,——» G : Green

4 : Active Low4— YY : Year: 08, 09,10~

5 : Active High YY WW X X VWW : Week : 01~52; 52
represents 52 and 53 week
X : Internal Code

Logo ¢+—

bl o [ 1

(2) MSOP-8EP

( Top view )
B[ _F Bl
1 ——> A~Z: Green
Logo «——— ), | YW X E+— MSOP-8EP
Y : Year: 0~9
Part Number «+———AP21 X 6 W: Week: A~Z: 1~26 week;
4:Activelow «— | T a~z : 27~52 week; z represents
5 : Active High 52 and 53 week
s —* 6: 2 Channel

L]
1] 2] B8] 4
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Package Outline Dimensions (Al dimensions in mm.)
Please see AP02001 at http://www.diodes.com/_files/datasheets/ap02001.pdf for the latest version.

(1) Package type: SO-8

I M S0-8
E1 E g Dim Min Max
Gauge Plane A - 1.75
Al T :‘ Seating Plane A1 0.10 0.20
(©) A2 | 130 | 1.50
Detail ‘A A3 | 015 | 025
H H H H E— b | 03 | 05
— ) o D | 485 | 495
. E | 590 | 6.10
“Fr/‘\“‘ T E1 | 385 | 3.95
bt L l A | et C 127 Ty0p35

: : = }

L1 4 @9 L [ o062 | 082
L] o 8 | o 8°
D All Dimensions in mm

(2) Package type: MSOP-8EP

MSOP-8EP
Dim | Min [ Max | Typ

I s A

= /%y A2 | 0.75 | 0.95 | 0.86

0.29 [ 049 | 0.39

X | ° A3
E S I o b 10.220.38 | 0.30
Gauge Plane _ ¢ [008]0.23 |0.15

Seating Plane D

; 2.90 [ 3.10 [ 3.00
rv/ D1 | 1.60 | 2.00 [ 1.80
E [470]510 | 4.90
E1_|2.90 [ 3.10 [ 3.00

E3 Detail C E2 [ 1.30 | 1.70 | 1.50
7 o E3 [ 2385305295
f \\ —c e - - 065
/J 1 L | 0.40 | 0.80 | 0.60
2 71 a [ RS
—B—\»\/ x | - | - 0750
See Detail C y - - |0.750
All D in mm
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Suggested Pad Layout
Please see AP02001 at http://www.diodes.com/_files/datasheets/ap02001.pdf for the latest version.
(1) Package type: SO-8
X
> |«
+
B E B Di Value (in mm)
X
Y 1.55
+ c1 c1 5.4
C2 1.27
Cc2
ol
(2) Package type: MSOP-8EP
X oG
P ; —
“G J d Dimensions (i\rllarlvl:;)
T — C 0.650
i 1 G 0.450
| [ X 0.450
e o J“ X 2.000
-] Y .350
- Y1 .700
’ | |:H ] m Y2 5.300
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and determinative format by Diodes Incorp i

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2016, Diodes Incorporated

www.diodes.com
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0.5A SINGLE CHANNEL CURRENT-LIMITED POWER SWITCH

Description Pin Assignments
The AP2151A is an integrated high-side power switches optimized for
Universal Serial Bus (USB) and other hot-swap applications. The (Top View)
family of devices complies with USB 2.0 and is available with active
high Enable input. They offer current and thermal limiting and short GNDE ° E NC
circuit protection as well as controlled rise time and under-voltage N E [Four
lockout functionality. A 7ms deglitch capability on the open-drain Flag
output prevents false over-current reporting and does not require any N E E] out
external components. EN E [5] FLG
AP2151A is available in SO-8, MSOP-8EP, SOT25 and U-DFN2018-
6 packages. 808
Features fphen

Single USB Port Power Switches GND [ © e ]
. i Wil i
e Over-Current and Thermal Protection IN 2 I [ our
«  0.8A Accurate Current Limiting IN 3] | P our
«  Reverse Current Blocking EN ] - [F]FLG
*  95mQ On-Resistance
* Input Voltage Range: 2.7V to 5.5V MSOP-8EP
e  0.6ms Typical Rise Time
e Very Low Shutdown Current: 1uA (Max) (Top View)
«  Fault Report (FLG) with Blanking Time (7ms Typ)
o ESD Protection: 4kV HBM, 400V MM our[T7} 2
. Acuvle High Enable GNDDZ
*  Ambient Temperature Range -40°C to +85°C
e SOT25, SO-8, MSOP-8EP (Exposed Pad) and U-DFN2018-6: FLGDE 4 EN

Available in “Green” Molding Compound (No Br, Sb)
« Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2)
« Halogen and Antimony Free. “Green” Device (Note 3) SoT25
e 15kV ESD Protection per IEC 61000-4-2 (With External

(Top View)

Capacitance)
* UL Recognized, File Number E322375
*  |EC60950-1 CB Scheme Certified

Applications

*  Consumer Electronics — LCD TVs & Monitors, Game Machines

*  Communications — Set-Top-Boxes, GPS Systems, Smartphones

o Computing — Laptops, Desktops, Servers, Printers, Docking
Stations, HUBs

U-DFN2018-6

's definitions of Halogen- and Antimony-free, "Green™ and

Notes: 1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS), 2011/65/EU (RoHS 2) & 2015/863/EU (RoHS 3) compliant.
2. See https://www.diodes. i free/ for more i about Diodes
Lead-free.
3. Halogen- and Antimony-free "Green" products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + Cl) and
<1000ppm antimony compounds.
AP2151A 10f 18

Document number: DS37615 Rev. 2-2

www.diodes.com

January 2018
© Diodes Incorporated

E322375-A6029-CB-1



Issue Date: 2024-07-24 Page 192 of 252 Report Reference # E322375-A6029-CB-1

Enclosures

Manuals ID 06-10

I mCcCORPORATEDSD

Typical Applications Circuit

AP2151A Enable Active High
Power Supply

2.7V to 5.5V _L _]_
EEmk Tour I’-WF

IN ouT Load

120pF

o
vl

]

Available Options
Part Number Channel Enable Pin (EN) Current Limit (Typical) Maxi Conti Load Current
AP2151A 1 Active High 0.8A 0.5A

Pin Descriptions

Pin Pin Number Function
Name SO-8 MSOP-8EP | SOT25 |U-DFN2018-6
GND 1 1 2 1 Ground
IN 2,3 2,3 5 2 Voltage Input Pin (all IN pins must be tied together externally).
EN 4 4 4 3 Enable Input. Active High (AP2151A).
FLG 5 5 3 4 Over-Curr_enl and. Over_-Temperature Fa_ult Report.
Open-Drain Flag is Active Low When Triggered
ouT 6,7 6,7 1 5,6 Voltage Output Pin (all OUT pins must be tied together externally).
NC 8 8 N/A N/A No internal connection; recommend tie to OUT pins
Exposed Pad.
Exposed _ Exposed _ Exposed It should be externally connected to GND plane and thermal mass for
Pad Pad Pad enhanced thermal impedance.
It should not be used as electrical ground conduction path.
AP2151A 20f18 January 2018
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Functional Block Diagram

AP2151A

Current
Sense

GND
Absolute Maximum Ratings (@Ta = +25°C, unless otherwise specified.)
Symbol Parameter Ratings Unit
HBM Human Body Model ESD Protection 4 kV
Machine Model ESD Protection
MM for SO-8, MSOP-8EP, SOT25 packages 400 ¥
Machine Model ESD Protection
ESD MM for U-DFN2018-6, SO-8 packages S0 ¥
Surges per EN61000-4-2. 1999 applied to Air 15 KV
IEC system | output terminals of EVM (Note 5)
level Surges per EN61000-4-2. 1999 applied to
output terminals of EVM (Note 5) Contact 8 kv
Vin Input Voltage 6.5 A\
Vout Output Voltage Vin +0.3 \%
Ven, VFLe Enable Voltage 6.5 \Y
ILoAD Maximum Continuous Load Current Internal Limited A
TymAx) Maximum Junction Temperature +150 °C
Tst Storage Temperature Range (Note 4) -65 to +150 °C
Caution: ~ Stresses greater than the ‘Absolute Maximum Ratings' spec:ﬁed above, may cause permanent damage to the device. These are stress ratings only;
functional operation of the device at these or any other in this is not implied. Device reliability may be
affected by exp to absolute i rating iti penods o! time.

Semiconductor devices are ESD sensitive and may be damaged by exposure to ESD events. Suitable ESD precautions should be taken when handling
and transporting these devices.

Notes: 4. UL Recognized Rating from -30°C to +70°C (Diodes Incorporated qualified Tsy from -65°C to +150°C).
5. External capacitors need to be connected to the output, EVM board was tested with capacitor 2.2uF 50V 0805.
This level is a pass test only and not a limit.

Recommended Operating Conditions (@7, = +25°C, unless otherwise specified.)

Symbol Parameter Min Max Unit
VIN Input Voltage 27 55 \%
lout Output Current 0 500 mA
Ta Operating Ambient Temperature -40 +85 °C
ViL EN Input Logic Low Voltage 0 0.8 \Y
ViH EN Input Logic High Voltage 2 Vin \Y
AP2151A 30f18 January 2018
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Electrical Characteristics @ta= +25°C, vin = +5.0V, unless otherwise specified.)

Symbol Parameter Conditions Min Typ Max Unit
Vuvio |Input UVLO Rioap = 1kQ 16 1.9 25 \
Ision  |Input Shutdown Current Disabled, loyr = 0 - 0.5 1 pA

la Input Quiescent Current Enabled, lout = 0 — 45 70 A
Iteak  |Input Leakage Current Disabled, OUT grounded — — 1 PA
Irev  |Reverse Leakage Current Disabled, Vin = 0V, Vout = 5V, Irev at Vin —_ 1 —_ A

.. [SOT25, SO-8, MSOP-8EP — 95 115
Vin=5v, - Ta=+25°C 5 oeNao1es — 90 | 110
2 . lout = 0.5A
Ros(on) |Switch On-Resistance -40°C s Tas +85°C = — 140 mQ
ViN=3.3V, [Ta=+25°C — 120 140
lour =0.5A  |40°C < Ta< +85°C — — 170
Istort |Short-Circuit Current Limit Enabled into short circuit, C,_ = 22uF — 0.6 — A
lumir [Over-Load Current Limit Vin = 5V, Vour = 4.8V, CL = 22F, -40°C < Tas +85°C 0.6 0.8 1.0 A
Itric  |Current Limiting Trigger Threshold ~ |Output Current Slew Rate (<100A/s), C, = 22pF — 1.0 — A
Isink  |EN Input Leakage Ven = 5V - — 1 HA
toon) |Output Turn-On Delay Time CL = 1pF, Rioap = 10Q — 0.05 — ms
tr Output Turn-On Rise Time CL = 1uF, RLoap = 10Q —_ 0.6 1.5 ms
toorF) [Output Turn-Off delay Time CL = 1pF, RLoap = 10Q — 0.01 — ms
tr Output Turn-Off Fall Time CL = 1uF, Rioap = 10Q — 0.05 0.1 ms
Rrig  |FLG Output FET On-Resistance lrLg =10mA — 20 40 Q
tetank  |FLG Blanking Time Cin = 10pF, Ci = 22pF 4 7 15 ms
Tswon |Thermal Shutdown Threshold Enabled, Rioap = 1kQ — +140 - °C
Tuys |Thermal Shutdown Hysteresis _ — +25 —_ ‘c
SO-8 (Note 6) - 110 — °‘CW
Oun Thermal Resistance Junction-to- MSOP-8EP (Note 7) — 60 — °CW
Ambient SOT25 (Note 8) — 157 — °‘CW
U-DFN2018-6 (Note 9) — 70 - °CW
Notes: 6. Test condition for SO-8: Device mounted on FR-4, 20z copper, with minimum recommended pad layout.

7. Test condition for SO-8, MSOP-8EP: Device mounted on 2" x 2" FR-4 substrate PC board, 20z copper, with minimum recommended pad on top layer
and thermal vias to bottom layer ground plane.

8. Test condition for SOT25: Device mounted on FR-4, 20z copper, with minimum recommended pad layout.

9. Test condition for U-DFN2018-6: Device mounted on FR-4 2-layer board, 20z copper, with minimum recommended pad on top layer and 3 vias to bottom
layer 1.0" x 1.4” ground plane.

AP2151A 40f 18 January 2018
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Typical Performance Characteristics

me

1t ! | toorr)
P 1t
| | | >

t
hD(_O'L] 90% 90% |
Vour | ) |
10% 10%

Figure 1. Voltage Waveforms: AP2151A
All Enable Plots are for AP2151A Active High

i

Turn-On Delay and Rise Time

Turn-Off Delay and Fall Time

“ Ven ’

;’\E/;‘ Al 5V/div
V, Vour
b 2Vidiv
|
CL=1pF =
Ta=+25°C e
RL=10Q
RL=10Q
500ps/div 500ps/div
Turn-On Delay and Rise Time Turn-Off Delay and Fall Time
.+ VEN n
Ve | W 5V/div v
5V/div
Vour
o 2V/div
CL=1pF CL=
- o L= 1pF
Lo Ta=+25°C
L=10 RL=100
500ps/div 500ps/div
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Typical Performance Characteristics (cont)

Short Circuit Current,
Device Enabled Into Short Inrush Current
——
Ven VEN
5Vidiv ” 5Vidiv Cu=100uF Vin= 5V
v Ta=+25C
RL=10Q
lour | Vin=5V
200mA/div Ta= +25°C C = 470pF
/ CL=22yF
[ Cy = 220pF
500ps/div 1ms/div
3Q Load Connected to Enabled Device 2Q Load Connected to Enabled Device
VFLAG
VIN =5V 2V/div ViN =5V
Ta=+25°C § Ta=+25°C 1
VFLAG CL=22yF CL=22yF
2Vidiv . .
’ A
i
louT “ oyt
500mA/div 500mA/div
2ms/div 2ms/div
Short Circuit with Blanking Time and Recovery Power On
VIN =5V
Vout TARE26°C VFLAG
5Vidiv CL=22yF M
—_— o
. e v
— '
VFLAG - lout
5Vidiv 200mA/div Ta=+25°C
CL=22)F
RL =100
VEN
5Vidiv
lout
1A/div >
VIN
5Vidiv "
20ms/div 1ms/div
AP2151A 6 of 18 January 2018
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Typical Performance Characteristics (cont)

UVLO Increasing UVLO Decreasing
Ta=+25°C
Ta=+25°C =
Y CL=22F o CL=22pF
2Vidiv L=t RL =100
RL=10Q VIN
2V/div
o o
lout
200mA/div
v lout
200mA/div
1ms/div 10ms/div
Tumn-On Time vs Input Voltage Tum-Off Time vs Input Voltage
800 3
0 = 31
% 600 =% e |
E 500 / i’ . CL=1yF B
& £ RL=10Q
§ 5 Ta=+25C |
g = — £
2 - CL=1pF R
RL=10Q
100 TA=425°C  —— ®
0 ! L | 2
15 2 25 3 35 4 45 5 55 6 15 25 3 35 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
Rise Time vs Input Voltage Fall Time vs Input Voltage
600 2
500 2
- 23
i H
g
'Em E®
2 - 3
2 200 Cp=1yF =2 CL=1yF =
RL=10Q RL=10Q
100 Ta=+25°C — 20 Ta=+25°C -1
0 19
15 2 25 3 a5 4 45 5 5 6 15 25 3 35 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
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Typical Performance Characteristics (cont)

Supply Current, Output Enabled vs Ambient Temperature Supply Current, Output Disabled vs Ambient Temperature
65 160
E % b Vin =\5,5v
H
3 ViN T 5.0V 8 120 pet
g s & 2 =
% VIN = 5.5V % 1100 VIN = 5.0V \\ /4
g “ \ / 5o Vin=33V //
H = = = V\ . S s \/
5 IN= 2. IN=2.
8% 3 040 —%«
2 Vin=3.3V =
5 a5 IN g G
4 2 _M
30 000 4
€0 40 20 0 2 40 60 £ 100 45 25 5 15 3 55 % 9
Ambient Temperature (°C) Ambient Temperature (*C)
Static Drain-Source On-State Resistance vs Ambient Short-Circuit Output Current vs Ambient Temperature
Temperature
200 710
190 i 700 Vin = 5.0V
) E . VIN=27V ViN=33V
g gm VIN=27V  VIN=33V £ \ A/ \
8 E w0 \ \ O 680 - — /T
St T | H A
g g = \ g 670
£8w e = /‘},/
o« 130 E /
\ g e /
- 3 Vin =55V
10 & a0 IN=S5.
ViN = 5.0V
100 60
60 “0 20 0 20 40 60 80 100 0 40 20 0 2 w0 60 80 100
Ambient Temperature (°C) Ambient Temperature (°C)
Undervoltage Lockout vs Ambient Temperature Threshold Trip Current vs Input Voltage
205 115
204 /
s 203 — g
% 2n UVLO Rising .S
£ 5
g 201 3w
e, 200 £
LR 5 i
g Hil UVLO Falling % TAa=+25°C
] = =
R E 11 CL=22yF
1.96
195 1.10
€0 -0 20 0 20 40 60 80 100 28 33 38 43 48 53
Ambient Temperature (°C) Input Voltage (V)
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Typical Performance Characteristics (cont)

Current Limit Response vs Peak Current
45
40
Ta \\
s \ CL=22yF —
5 25 ViN =5V —
£ 20 Ta=+25°C
3
T 5
e
5 10
o
5
0
2 3 4 5 6 7 8 9 10
Peak Current (A)
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Application Information

Power Supply Considerations

A 0.01pF to 0.1pF X7R or X5R ceramic bypass capacitor between IN and GND, close to the device, is recommended. Placing a high-value
electrolytic capacitor on the input (10pF minimum) and output pin(s) is recommended when the output load is heavy. This precaution reduces
power-supply transients that may cause ringing on the input. Additionally, bypassing the output with a 0.01pF to 0.1pF ceramic capacitor improves
the immunity of the device to short-circuit transients.

Over-current and Short Circuit Protection

An internal sensing FET is employed to check for over-current conditions. Unlike current-sense resistors, sense FETs do not increase the series
resistance of the current path. When an overcurrent condition is detected, the device maintains a constant output current and reduces the output
voltage accordingly. Complete shutdown occurs only if the fault stays long enough to activate thermal limiting.

Three possible overload conditions can occur. In the first condition, the output has been shorted to GND before the device is enabled or before Vin
has been applied. The AP2151A senses the short circuit and immediately clamps output current to a certain safe level namely I wiT.

In the second condition, an output short or an overload occurs while the device is enabled. At the instance the overload occurs, higher current may
flow for a very short period of time before the current limit function can react. After the current limit function has tripped (reached the over-current
trip threshold), the device switches into current limiting mode and the current is clamped at I jwit.

In the third condition, the load has been gradually increased beyond the recommended operating current. The current is permitted to rise until the
current-limit threshold (lrrig) is reached or until the thermal limit of the device is exceeded. The AP2151A is capable of delivering current up to the
current-limit threshold without damaging the device. Once the threshold has been reached, the device switches into its current limiting mode and is
set at Iyt

Note that when the output has been shorted to GND at an extremely low temperature (< -30°C), a minimum 120-pF electrolytic capacitor on the
output pin is recommended. A correct capacitor type with capacitor voltage rating and temperature characteristics must be properly chosen so that
capacitance value does not drop too low at the extremely low temperature operation. A recommended capacitor should have temperature
characteristics of less than a 10% variation of capacitance change when operated at extremely low temperatures. Our recommended aluminum
electrolytic capacitor type is Panasonic FC series.

FLG Response

When an over-current or over-temperature shutdown condition is encountered, the FLG open-drain output goes active low after a nominal 7ms
deglitch timeout. The FLG output remains low until both over-current and over-temperature conditions are removed. Connecting a heavy capacitive
load to the output of the device can cause a momentary over-current condition, which does not trigger the FLG due to the 7ms deglitch timeout. The
AP2151A is designed to eliminate false over-current reporting without the need of external components to remove unwanted pulses.

Power Dissipation and Junction Temperature

The low on-resistance of the internal MOSFET allows the small surface-mount packages to pass large current. Using the maximum operating
ambient temperature (Ta) and Rps(on), the power dissipation can be calculated by:

Pp = Rosion) * I

Finally, calculate the junction temperature:

Ty=PpxReja+ Ta

Where:

Ta= Ambient Temperature °C

Reya = Thermal Resistance
Pp = Total Power Dissipation

AP2151A 10 of 18 January 2018
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Application Information (cont)

Thermal Protection

Thermal protection prevents the IC from damage when heavy-overload or short-circuit faults are present for extended periods of time. The
AP2151A implements a thermal sensing to monitor the operating junction temperature of the power distribution switch. Once the die temperature
rises to approximately +140°C due to excessive power dissipation in an over-current or short-circuit condition the internal thermal sense circuitry
turns the power switch off, thus preventing the power switch from damage. Hysteresis is built into the thermal sense circuit allowing the device to
cool down approximately +25°C before the switch turns back on. The switch continues to cycle in this manner until the load fault or input power is
removed. The FLG open-drain output is asserted when an over-temperature shutdown or over-current occurs with 7ms deglitch.

Under-Voltage Lockout (UVLO)

Under-voltage lockout function (UVLO) keeps the internal power switch from being turned on until the power supply has reached at least 1.9V, even
if the switch is enabled. Whenever the input voltage falls below approximately 1.9V, the power switch is quickly turned off. This facilitates the design
of hot-insertion systems where it is not possible to turn off the power switch before input power is removed.

Host/Self-Powered HUBs

Hosts and self-powered hubs (SPH) have a local power supply that powers the embedded functions and the downstream ports (see Figure 2). This
power supply must provide from 5.25V to 4.75V to the board side of the downstream connection under both full-load and no-load conditions. Hosts
and SPHs are required to have current-limit protection and must report over-current conditions to the USB controller. Typical SPHs are desktop
PCs, monitors, printers, and stand-alone hubs.

Downstream
Power Supply USB Ports
33V 5V
— D+
AP2151A S
23 6.7
IN ouT 7 T Vaus
S = =L GND
v, TowToaor] |
* FLG -
USB Control EN

GND
il
Figure 2. Typical One-Port USB Host / Self-Powered Hub

Generic Hot-Plug Applications

In many applications it may be necessary to remove modules or pc boards while the main unit is still operating. These are considered hot-plug
applications. Such implementations require the control of current surges seen by the main power supply and the card being inserted. The most
effective way to control these surges is to limit and slowly ramp the current and voltage being applied to the card, similar to the way in which a
power supply normally turns on. Due to the controlled rise times and fall times of the AP2151A, these devices can be used to provide a softer start-
up to devices being hot-plugged into a powered system. The UVLO feature of the AP2151A also ensures that the switch is off after the card has
been removed, and that the switch is off during the next insertion.

By placing the AP2151A between the Vcc input and the rest of the circuitry, the input power reaches these devices first after insertion. The typical
rise time of the switch is approximately 1ms, providing a slow voltage ramp at the output of the device. This implementation controls system surge
current and provides a hot-plugging mechanism for any device.

Dual-Purpose Port Applications

AP2151A is suitable for use in dual-purpose port applications in which a single port is used for data communication between the host and peripheral
devices while simultaneously maintaining a charge to the battery of the peripheral device. An example of this is a shared HDMI/MHL (Mobile High-
definition Link) port that allows streaming video between an HDTV or set-top box and a smartphone or tablet while maintaining a charge to the
smartphone or tablet battery. In such dual-purpose port applications, it is important to insure Vin of the AP2151A is ramped to its operating voltage
prior to enabling the output.

AP2151A 110f 18 January 2018
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Ordering Information

T

Enable Channel Package Packing
5 : Active High 1:1 Channel W : SOT25 7 : 7" Tape & Reel
S:808 13: 13" Tape & Reel
MP : MSOP8-EP
FM : U-DFN2018-6
Package 7/13” Tape and Reel Status
Part Number (Note 11) Package Code Quantity (Note 10)
AP2151AW-7 SOT25 W 3000 In Production
AP2151AS-13 SO-8 S 2500 In Production
AP2151AMP-13 MSOP-8EP MP 2500 In Production
AP2151AFM-7 U-DFN2018-6 FM 3000 In Production
Notes: 70. Al vaniants of AP2141A are End of Life and recommended altemalives are AP2141
11. For packaging details, go to our website at: https:/www.diodes. i
Marking Information
(1) soO-8
(Top View)
CGCEE
Logo «—— )} 1
Part Number «+—— AP2151A YY : Year : 08, 09,10~
WW : Week : 01~52; 52
YY WW XX represents 52 and 53 week
1o XX : Internal Code
W & [ W
(2) MSOP-8EP
(Top View)
Bl [7] [e] [8]
Logo «——— ) | | YW X E+— MSOP-8EP
Y :Year:0~9
Part Number «——— W : Week : A~Z : 1~26 week;
art Rumber AP2151A a~z : 27~52 week; z represents
52 and 53 week
o X : Internal Code
i 2 B 14
AP2151A 120f 18 January 2018
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Marking Information (cont)

(3) SOT25

(Top View)
[51] [4]
XX : Identification code
Y : Year 0~9
XXY WX

W : Week : A~Z : 1~26 week;
a~z : 27~52 week; z represents
52 and 53 week

[ 2] [3] X:A~Z:Green

Device Package Type Identification Code
AP2151AW SOT25 VU
(4) U-DFN2018-6
(Top View)

XX : Identification Code

XX Y : Year: 0~9

YW X W : Week : A~Z : 1~26 week;

I a~z : 27~52 week; z represents
52 and 53 week

X :A~Z:Green

Device Package Type Identification Code
AP2151AFM U-DFN2018-6 ZU

AP2151A

130f 18
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Package Outline Dimensions
Please see http://www.diodes.com/package-outlines.html for the latest version.

(1) Package Type: SO-8

AAAH T

S0-8
Dim | Min Max | Typ
A | 140 | 150 | 1.45
A1 | 010 | 020 | 0.15
<t E b | 0.30 | 050 | 0.40
@) c | 0.15 | 0.25 | 0.20
1 D | 485 | 495 | 490
E | 590 | 6.10 | 6.00
H Ij Ij E1 | 380 | 3.90 | 3.85
EO | 385 | 395 | 3.90
el e | - | - [t
. E1 h 3 | 035
—= L | 062 | 082 | 0.72
-1 i N\s\des‘ ) Q Q | 060 | 0.70 | 0.65
9 | 7 = { . All Dimensions in mm
[ H A 4°43° /—lf il e r
| ! 1 -3 auge Plane
3 | I Seating Plane
o s
< e Al EO

(2) Package Type: MSOP-8EP

" MSOP-SEP
H.I Dim | Min | Max | Typ
A - 1.10 -

A1 |0.05]| 0.15 | 0.10
A2 10.75]| 0.95 | 0.86
A3 1029 0.49 | 0.39
b [0.22] 0.3 0.30
c [0.08] 0.2 0.15
D [2.90( 3.10 | 3.00
D1 [1.60| 2.00 | 1.80
E |4.70| 5.10 | 4.90
E1 1290] 3.10 .00
E2 .30 1.70 .50
E3 |285] 3.05 [ 2.9

—— < —j———

5] Detail © 0.40] 0.80 | 0.60

0° 8° ry
- - 10.750

‘ L
a
! . x
) - y | - | - [0750
i ,:rj_l \ Q:, ( All Dimensions in mm
|

—A1

—_—

i

_‘
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Package Outline Dimensions (cont)

Please see http://www.diodes.com/package-outlines.html for the latest version.

(3) Package Type: SOT25

e
HH HT[
TC

fe——H—

i
HUw
i

(4) U-DFN2018-6

i T A3
3 SEATING PLANE
Al
Pin#1 ID D
'
GO GH
7
+ 2
'
[0 f:b
B

150f 18
www.diodes.com

AP2151A
Document number: DS37615 Rev. 2-2

SOT25
Dim | Min | Max | Typ
A |0.35 [0.50[0.38
B | 150 |1.70]1.60
C | 2.70 [3.00]2.80
D — | — |0.95
H | 290 |[3.10(3.00
J 10.013]0.10] 0.05
K [1.00 [1.30]1.10
L [0.35]055]|040
M | 0.10 |0.20]0.15
N [070 [0.80]0.75
a 0° 8 | —
All D in mm
U-DFN2018-6

Dim | Min | Max | Typ
A ]0.545[0.605[0.575
A1 0 ]0.05]0.02
A3 | — | — 013
b [0.15]0.25 | 0.20
D [1.750/1.875] 1.80
D2 [1.30[1.50 ] 1.40
e | — [ — ]050
E |1.95 [2.075] 2.00
E2 10.90[1.10[1.00
L 10.20[0.30 | 0.25

z — — 1 0.30
All Di inmm

January 2018
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Suggested Pad Layout

Please see http://www.diodes.com/package-outlines.html for the latest version.

(1) Package Type: SO-8

. X1 ——'
[
| D Value (in mm)
c
‘ X 0.802
X1 4.612
| Y 1.505
+ Y1 6.50
Yy — - —+ — - —
1
M I
| | Y
!
———‘— C — X |-
(2) Package Type: MSOP-8EP
,&[___ c .
| — & Dimensions Value
(in mm)
G U JY c 0.650
| | G 0.450
— X 0.450
1 i X1 2.000
Y2 Y1 Y 1.350
X1 Yi 1.700
= Y2 5.300
AP2151A 16 of 18
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Suggested Pad Layout cont)

Please see http://www.diodes.com/package-outlines.html for the latest version.

(3) Package Type: SOT25

e c2-ple c29|

.T
Ll ol

(4) Package Type: U-DFN2018-6

X Cc

i

Y1)

|

- |

gy

AP2151A
Document number: DS37615 Rev. 2-2

17 of 18
www.diodes.com

Di i Value (in mm)

4 3.20

G 1.60

X 0.55

Y 0.80

C1 2.40

C2 0.95

Dimensions (“"“’"':‘;)

c 0.50
G 0.20
X 0.25
X1 1.60
Y 0.35
Y1 1.20

January 2018
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and inative format by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2018, Diodes Incorporated

www.diodes.com
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teeemroemaT e 1A SINGLE CHANNEL CURRENT-LIMITED POWER SWITCH

Description Pin Assignments
The AP2161 and AP2171 are integrated high-side power switches
optimized for Universal Serial Bus (USB) and other hot-swap {{Top View)
applications. The family of devices complies with USB 2.0 and is GND E L El NC
available with both polarities of Enable input. They offer current and
thermal limiting and short-circuit protection as well as controlled rise IN E Zl out
time and undervoltage lockout functionality. A 7ms deglitch capabili
on the open-drain glag output preventsmflalse uver:t?rrent rezonir:; I [Z EI our
and does not require any external components. EN E El FLG
All devices are available in SO-8, MSOP-8EP, SOT25, and 80:8
U-DFN2018-6 packages (Top View)

eND C®, . [FENC
Features IN 2] 71 out
«  Single USB Port Power Switches IN 5] 53 out
e Overcurrent and Thermal Protection EN =3 FLG
e 1.5A Accurate Current Limiting MSOP-8EP
*  Reverse Current Blocking
e 95mQ On-Resistance ( Top View)
* Input Voltage Range: 2.7V - 5.5V
e  0.6ms Typical Rise Time ouT DI s W
e Very Low Shutdown Current: 1pA (max)
e Fault Report (FLG) with Blanking Time (7ms typ) ano[2]
. ESD Protection: 4kV HBM, 300V MM
o Active Low (AP2161) or Active High (AP2171) Enable As[T5] Al | &
*  Ambient Temperature Range: -40°C to +85°C
«  SOT25, SO-8, MSOP-8EP (Exposed Pad), and U-DFN2018-6: SOT25

Available in “Green” Molding Compound (No Br, Sb)
«  Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2) ( Top View)
«  Halogen and Antimony Free. “Green Device (Note 3) ouT
e UL Recognized, File Number E322375
. IEC60950-1 CB Scheme Certified ouT
FLG

Applications

e Consumer Electronics — LCD TVs & Monitors, Game Machines

e  Communications — Set-Top-Boxes, GPS, Smartphones

e  Computing — Laptops, Desktops, Servers, Printers, Docking
Station, HUB

U-DFN2018-6

Notes: 1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS) & 2011/65/EU (RoHS 2) compliant.
2. See http://www.diodes.com/quality/lead_free.html for more information about Diodes Incorporated’s definitions of Halogen- and Antimony-free, "Green"
and Lead-free.
3. Halogen- and Antimony-free "Green"” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + CI) and
<1000ppm antimony compounds.

AP2161/ AP2171 10f 18 August 2015
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Typical Applications Circuit

AP2171 Enable Active High

Power Supply
27Vt 55V

T A
oo T T T

ON

el L

Available Options

Current Limit R Maxi Ci
Part Number Channel Enable Pin (EN) (typ) Load Current
AP2161 1 Active Low 1.5A 1.0A
AP2171 1 Active High 1.5A 1.0A

Pin Descriptions

Pin Pin Number Functio
ul n
Name SO-8 MSOP-8EP | SOT25 | U-DFN2018-6
GND 1 1 2 1 Ground
IN 2,3 2,3 5 2 Voltage input pin (all IN pins must be tied together externally)
EN 4 4 4 3 Enable input, active low (AP2161) or active high (AP2171)
Overcurrent and over-temperature fault report; open-drain flag is active low when
FLG 5 5 3 4 i
riggered
ouT 6,7 6,7 1 56 \Voltage output pin (all OUT pins must be tied together externally)
NC 8 8 N/A N/A No internal connection; recommend tie to OUT pins
Exposed pad.
Exposed tab - Exposed tab - Exposed tab |It should be connected to GND and thermal mass for enhanced thermal
impedance. It should not be used as electrical ground conduction path.
AP2161/ AP2171 20f18 August 2015
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AP2161/ AP2171

Functional Block Diagram

AP2161, AP2171

out

FLG

3

GND
Absolute Maximum Ratings (@7 = +25°C, unless otherwise specified.)
Symbol Parameter Ratings Units
ESD HBM Human Body Model ESD Protection 4 kV
Machine Model ESD Protection 400 v
ESD M for MSOP-8EP, SOT25 packages
Machine Model ESD Protection 300 v
for U-DFN2018-6, SO-8 packages
Vin Input Voltage 6.5 A\
Vout Output Voltage Vin +0.3 v
VEN ., VFLG Enable Voltage 6.5 \%
ILoaD Maximum Continuous Load Current Internal Limited A
Timax) Maximum Junction Temperature +150 °C
Tst Storage Temperature Range (Note 4) -65 to +150 °C
Caution:  Stresses greater than the * Ratings' above may cause permanent damage to the device. These are stress ratings only;

functional operation of the device at these or any other

affected by

those i

in this

to absolute

rating for periods of time.

is not implied. Device reliability may be

Semiconductor devices are ESD sensitive and may be damaged by exposure to ESD events. Suitable ESD precautions should be taken when handling
and transporting these devices

Note:

4. UL Recognized Rating from -30°C to +70°C (Diodes qualified TsT from -65°C to +150°C).

Recommended Operating Conditions (@7, = +25°C, unless otherwise specified.)

Symbol P Min Max Units
Vin Input Voltage 27 5.5 \
lout Output Current 0 1.0 A
Ta Operating Ambient Temperature -40 +85 °C
ViH High-Level Input Voltage on EN or EN 20 ViN \Y
ViL Low-Level Input Voltage on EN or EN 0 0.8 \
AP2161/ AP2171 30f18 August 2015
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Electrical Characteristics @ta= +25°C, vin = +5V, unless otherwise specified.)

Symbol Parameter Test Conditions Min Typ Max Unit
Vyvio [Input UVLO Rioap = 1kQ 16 1.9 25 \"
Isupn  |Input Shutdown Current Disabled, lour=0 - 0.5 1 uA

la Input Quiescent Current Enabled, lout =0 - 45 70 pA
ILeak  |Input Leakage Current Disabled, OUT grounded - - 1 PA
IREV Reverse Leakage Current Disabled, Vin= 0V, Vourt = 5V, Irev at Vin - 1 & BA
Vi = 5V, T a = +25°C [SOT25, MSOP-8EP, SO-8 - 95 115
e 1A lU-DFN201 8-6 - 90 110
Ros(on) |Switch on-resistance -40°C < Ta< +85°C - - 140 mQ
Vin = 3.3V, Ta=+25°C - 120 140
lout=1A -40°C < Ta< +85°C - - 170
Istiort | Short-Circuit Current Limit Enabled into short circuit, CL = 68uF - 12 - A
lumr  |Over-Load Current Limit Vin= 5V, Vour = 4.6V, C_ = 68pF, -40°C < Tas +85°C 1.1 1.5 1.9 A
ITrig Current limiting trigger threshold Output Current Slew rate (<100A/s) , C =68uF - 20 - A
Isink EN Input leakage VeEn= 5V - - 1 PA
toon)  [Output tumn-on delay time CL= 1pF, Rioap= 10Q - 0.05 - ms
trR Output turn-on rise time CL= 1pF, Rioap = 10Q - 06 15 ms
toorr)  |Output tum-off delay time CL= 1pF, Rioap = 10Q - 0.01 - ms
te Output tum-off fall time CL= 1yF, Rioap = 10Q - 0.05 0.1 ms
RFLe FLG output FET on-resistance IrLe = 10mA - 20 40 Q
tBlank FLG blanking time Cin= 10pF, C = 68pF 4 7 15 ms
Tswon | Thermal Shutdown Threshold Enabled, RLoap = 1kQ - 140 - (3
THys Thermal Shutdown Hysteresis - - 25 - °C
SO-8 (Note 5) - 110 - °‘CW
g,s |Thermal Resistance Junction-to- MSOP-8EP (Note 6) - 60 2 ‘cw
Ambient SOT25 (Note 7) - 157 - °CW
U-DFN2018-6 (Note 8) - 70 - °‘CW
Notes: 5. Test condition for SO-8: Device mounted on FR-4, 20z copper, with minimum recommended pad layout.
6. Test condition for MSOP-8EP: Device mounted on 2" x 2" FR-4 substrate PC board, 20z copper, with minimum recommended pad on top layer and
thermal vias to bottom layer ground plane.
7. Test condition for SOT25: Device mounted on FR-4, 20z copper, with minimum recommended pad layout.
8. Test condition for U-DFN2018-6: Device mounted on FR-4 2-layer board, 20z copper, with minimum recommended pad on top layer and 3 vias to bottom
layer 1.0" x 1.4" ground plane.
AP2161/ AP2171 40f18 August 2015
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Typical Performance Characteristics

| T | T
I ITR! Do) I 1TR! 1! D(OFP)
| [ ™ T | [ ™ T
Hoon! il Hoon! |
o 90% 90% | <2 90% 90% |
Vour ' | | Vour l | |
10% 10% 10% 10%
Figure 1 Voltage Waveforms: AP2161 (left), AP2171 (right)
All Enable Plots are for AP2171 Active High
Turn-On Delay and Rise Time Turn-Off Delay and Fall Time
—_—
Ven Ven
SVidiv SVidiv
CL=1yF
Vout | TA=+25°C ¢
2Vidiv 2Vidiv { RL=10Q
S
CL=1pF
TA=426C
RL=100
500ps/div 500ps/div
Turn-On Delay and Rise Time Turn-Off Delay and Fall Time
Ven Ven
5Vidiv SVidiv
CL = 100pF
Vout * | vout Ta=+25C
2Vidiv 2Vidiv RL=100
cL=100pF 7 v
TA=+25C
RL=100
500ps/div 500ps/div
AP2161/ AP2171 50f 18 August 2015
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Typical Performance Characteristics (continued)

Short Circuit Current,
Device Enabled Into Short Inrush Current
Ven Ven
5Vidiv SVidiv C,=100pF
— — .

/ VIN =5V
/ Ta=+25C
RL =50
/ Tout
ViN =5V 200mAVdiv
fout Ta=+25°C ka il
500mA/di
w CLosE Ci=220pF '~’
500ps/div ) 1ms/div
1 Q Load Connected to Enabled Device 2Q Load Connected to Enabled Device
VIN=5V VIN=5V
Vhag TA=+25°C i Vag TA=+25°C
2Vidiv CL = 68pF 2Vidiv Ci=68uF
)
| A -
out | ' lout |
1A/div 1A/div
2ms/div 2ms/div
Short Circuit with Blanking Time and Recovery Power On
VIN =5V
TA=425°C Viag
Vout SVidiv
e e
o
Vhag fout TA=+25C
5Vidiv 500mA/di N
RL=5Q
Sy /
i SR [ S me— [y 5Vidiv %
1A/div Vin »
" SVidiv
20ms/div 1ms/div
AP2161/ AP2171 60of 18 August 2015
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Typical Performance Characteristics (cont)
UVLO Increasing UVLO Decreasing
TA=+25°C
Vi CL = 68pF
2Vidiv RL=50
TA=+257C
CL=68yF
RL=50 "
lout lout |
500mA/div 500mA/div
o L 8
1ms/div 10ms/div
Turn-On Time vs Input Voltage Tum-Off Time vs Input Voltage
750 30 ‘ |
700 20 —
650 - S~ CL = 1pF
7 600 1 N RL =100
% 550 ] £ Ta=4+25"C
= £
I 27 ~<
g i, N
P 40 CL=1yF # ]
960 RL=100 | Sl
300 Ta=+25C — =
250 b b 2
15 2 25 3 35 4 45 5 55 6 15 2 25 3 35 4 45 5 55 6
Input Voltage (V) Input Voltage (V)
Rise Time vs Input Voltage Fall Time vs Input Voltage
650 2
600
2
550 /
B / H ) /
g 450 / g 2
F / E
£ w0 - F
[ / CL=1pF 20 CL=1pF —
350 RL =100 — RL =100
S TA = +25°C _ 2 Ta=+25°C
250 19
2 25 3 35 4 45 5 55 6 2 25 3 s 4 45 5 55 8
Input Voltage (V) Input Voltage (V)
AP2161/ AP2171 70f18 August 2015
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Typical Performance Characteristics (cont)

Supply Current, Output Enabled vs Ambient Temperature Supply Current, Output Disabled vs Ambient Temperature
]
g 3‘ - Vin=5.5V
EX) = e =
3 Vin=50V 3 Vin=33V_ yvin=5.0v |
D s g 07 l
4 Vin=5.5V 2 \ |
I} a 06 \ 1
i = : :
05
- N\ 3
2 \// / g L] N
io — ||}
£ 03
g —~F g
O Q 02 4
2 / / > I
3 Vin=33V  Vin=2.7V Ea
L i ) CJ Vin=2.7V
28 00
60 40 20 0 20 40 60 80 100 60 40 20 0 20 40 60 80 100
Ambient Temperature (°C) Ambient Temperature (°C)
Static Drain-Source On-State Resistance vs Ambient Short-Circuit Output Current vs Ambient Temperature
Temperature
1% 7 cL=100pF
170 155
Vin=2.7V z Vin=33V
g @ N — g Vin=27V Vin=5 0V
3 . § 1.53 I
g g 140 — O 182 +
8 E 130 // é 151 /
2 H Vin=33V S 150
£8 ™ R
€8 10 £
Sa Q 148
g ™ Vin=5V § 147 74/4.
[ 2 @ 14
Vin=5.5V
20 145
60 40 20 0 20 40 60 80 100 60 40 20 0 20 40 60 80 100
Ambient Temperature (°C) Ambient Temperature (°C)
Undervoltage Lockout vs Ambient Temperature Threshold Trip Current vs Input Voltage
220 199
198
210 - 197
s UVLO Rising <
5 e 196
g
.§ 2% g1
S O 4o /
g g 193 — |
§ i TA=+25°C
; 1.80 £ _
E] UVLO Falling 8 101 CL = 68yF 1
2
2 E 120 /
189
160 188
60 40 20 0 2 40 60 80 100 28 33 38 43 48 53
Ambient Temperature (°C) Input Voltage (V)
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Typical Performance Characteristics (cont)

Current Limit Response vs Peak Current

Current Limit Response (us)
28
2
z
u
)
<

Peak Current (A)
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Application Information

Power Supply Considerations

A 0.01-pF to 0.1-pF X7R or X5R ceramic bypass capacitor between IN and GND, close to the device, is recommended. Placing a high-value
electrolytic capacitor on the input (10-pF minimum) and output pin(s) is recommended when the output load is heavy. This precaution reduces
power-supply transients that may cause ringing on the input. Additionally, bypassing the output with a 0.01-pF to 0.1-pF ceramic capacitor improves
the immunity of the device to short-circuit transients.

Overcurrent and Short Circuit Protection

An internal sensing FET is employed to check for overcurrent conditions. Unlike current-sense resistors, sense FETs do not increase the series
resistance of the current path. When an overcurrent condition is detected, the device maintains a constant output current and reduces the output
voltage accordingly. Complete shutdown occurs only if the fault stays long enough to activate thermal limiting.

Three possible overload conditions can occur. In the first condition, the output has been shorted to GND before the device is enabled or before Vin
has been applied. The AP2161/AP2171 senses the short circuit and immediately clamps output current to a certain safe level namely IwiT.

In the second condition, an output short or an overload occurs while the device is enabled. At the instance the overload occurs, higher current may
flow for a very short period of time before the current limit function can react. After the current limit function has tripped (reached the overcurrent trip
threshold), the device switches into current limiting mode and the current is clamped at Iumir.

In the third condition, the load has been gradually increased beyond the recommended operating current. The current is permitted to rise until the
current-limit threshold (Itrig) is reached or until the thermal limit of the device is exceeded. The AP2161/AP2171 is capable of delivering current up
to the current-limit threshold without damaging the device. Once the threshold has been reached, the device switches into its current limiting mode
and is set at lumit.

Note that when the output has been shorted to GND at an extremely low temperature (< -30°C), a minimum 120-pF electrolytic capacitor on the
output pin is recommended. A correct capacitor type with capacitor voltage rating and temperature ct istics must be properly chosen so that
capacitance value does not drop too low at the extremely low temperature operation. A recc ded ¢ should have temperature

characteristics of less than 10% variation of capacitance change when operated at extremely low temp. Our recommended aluminum electrolytic
capacitor type is Panasonic FC series.

FLG Response

When an overcurrent or over-temperature shutdown condition is encountered, the FLG open-drain output goes active low after a nominal 7-ms
deglitch timeout. The FLG output remains low until both overcurrent and over-temperature conditions are removed. Connecting a heavy capacitive
load to the output of the device can cause a momentary overcurrent condition, which does not trigger the FLG due to the 7-ms deglitch timeout.
The AP2161/AP2171 is designed to eliminate false overcurrent reporting without the need of external components to remove unwanted pulses.

Power Dissipation and J ion Temperature
The low on-resistance of the internal MOSFET allows the small surface-mount packages to pass large current. Using the maximum operating
ambient temperature (Ta) and Ros(on), the power dissipation can be calculated by:

Po = Roson* I

Finally, calculate the junction temperature:
Ty=PpxRgia+Ta

Where:
Ta = Ambient temperature °C
Rgua = Thermal resistance

Pp = Total power dissipation

Thermal Protection

Thermal protection prevents the IC from damage when heavy-overload or short-circuit faults are present for extended periods of time. The

AP2161/AP2171 implements a thermal sensing to monitor the operating junction temperature of the power distribution switch. Once the die
re rises to approxi +145°C due to excessive power dissipation in an overcurrent or short-circuit condition, the internal thermal

sense circuitry turns the power switch off, thus preventing the power switch from damage. Hysteresis is built into the thermal sense circuit allowing

the device to cool down approximately +25°C before the switch tums back on. The switch continues to cycle in this manner until the load fault or

input power is removed. The FLG open-drain output is asserted when an over-temperature shutdown or overcurrent occurs with 7-ms deglitch.

AP2161/ AP2171 100f 18 August 2015
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Application Information (continued)

Undervoltage Lockout (UVLO)

Undervoltage lockout function (UVLO) keeps the internal power switch from being turned on until the power supply has reached at least 1.9V, even
if the switch is enabled. Whenever the input voltage falls below approximately 1.9V, the power switch is quickly turned off. This facilitates the design
of hot-insertion systems where it is not possible to turn off the power switch before input power is removed.

Host/Self-Powered And Bus-Powered HUBs

Hosts and self-powered hubs have a local power supply that powers the embedded functions and the downstream ports (see Figure 2). This power
supply must provide from 5.25V to 4.75V to the board side of the downstream connection under full-load and no-load conditions. Hosts and SPHs
are required to have current-limit protection and must report over-current conditions to the USB controller. Typical SPHs are desktop PCs, monitors,
printers, and stand-alone hubs.

Downstream
Power Supply USB Ports
3.3v 5V
—1{ D
AP2161 —1D
23 6,7
IN out Vaus
GND
AuF |
¥0 ul . %.1U%ZOUF
USB Control - 4 S;‘G -
GND
1

Figure 2 Typical One-Port USB Host / Self-Powered Hub

Generic Hot-Plug Applications

In many applications it may be necessary to remove modules or pc boards while the main unit is still operating. These are considered hot-plug
ions. Such imp ions require the control of current surges seen by the main power supply and the card being inserted. The most

effective way to control these surges is to limit and slowly ramp the current and voltage being applied to the card, similar to the way in which a

power supply normally turns on. Due to the controlled rise and fall times of the AP2161/AP2171, these devices can be used to provide a softer

start-up to devices being hot-plugged into a powered system. The UVLO feature of the AP2161/AP2171 also ensures that the switch is off after the

card has been removed, and that the switch is off during the next insertion.

By placing the AP2161/AP2171 between the Vcc input and the rest of the circuitry, the input power reaches these devices first after insertion. The
typical rise time of the switch is approximately 1ms, providing a slow voltage ramp at the output of the device. This implementation controls system
surge current and provides a hot-plugging mechanism for any device.

Dual-Purpose Port Applications

AP2161/AP2171 is not recommended for use in dual-purpose port applications in which a single port is used for data communication between the
host and peripheral devices while simultaneously maintaining a charge to the battery of the peripheral device. An example of such a non-
recommended application is a shared HDMI/MHL (Mobile High-definition Link) port that allows streaming video between an HDTV or set-top box
and a smartphone or tablet while maintaining a charge to the smartphone or tablet battery. If a voltage is maintained across the output of the
AP2161/AP2171 when the output is disabled and the Vi of the device is subsequently ramped up, an overstress condition to the AP2161/AP2171
may result.
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Ordering Information

AP21X1 XX G -X
7T T

I Em!ble ] I Chalnnel ] I Package l I Gr;en I [ Packing l
6:ActiveLow 1:1Channel W: SOT25 G:Green 7:7" Tape & Reel
7 : Active High $:80-8 13:13" Tape & Reel
MP : MSOP-8EP
FM : U-DFN2018-6
7"/13"” Tape and Reel
Part Number Package Code P; Quantity pe Pt NuAbor S
& | AP21X1WG-7 w SOT25 3,000/Tape & Reel -7
& | AP21X1SG-13 S SO-8 2,500/Tape & Reel -13
& | AP21X1MPG-13 MP MSOP-8EP 2,500/Tape & Reel -13
| AP21X1FMG-7 FM U-DFN2018-6 3,000/Tape & Reel -7

Marking Information

(1) so-8
( Top view)

[l [ [6 [3]

. nm:{’f“ 21— 1 »4:1Chamel
al er «—— AP21 Xr———PG:Green
Ggmmmwﬁfmxx YY : Year: 08, 09,10~
7: Active High VWW : Week : 01~52; 52
° represents 52 and 53 week
X : Intemal Code
IREEN
(2) MSOP-8EP
( Top view )
6] [7] [e] [5]
" —T1—> A~Z: Green
Logo «—— )| | YW X Ef— MSOP-8EP
Y :Year:0~9
Part Number «——— AP21X X W: W§7ek5:2A-Z :k1-26 week; -
. TT a~z : 27~52 week; z represen
6 : Active Low +— 52 and 53 week
7: Active High o — 1:1 Channel
IRENERY
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Marking Information (cont)

(3) SOT25
( Top View)
[5] [4]
XX : Identification code
Y : Year 0~9
XXY WX W : Week : A~Z : 1~26 week;
a~z : 27~52 week; z represents
52 and 53 week
[2] [3] X:A~Z:Green
Device Package type Identification Code
AP2161W SOT25 HT
AP2171W SOT25 HU
(4) U-DFN2018-6
(Top View)
XX : Identification Code
XX Y : Year: 0~9
YWX W : Week : A~Z : 1~26 week;
. a~z : 27~52 week; z represents
52 and 53 week
X :A~Z : Green
Device P ge type Identification Code
AP2161FM U-DFN2018-6 HT
AP2171FM U-DFN2018-6 HU
AP2161/ AP2171 130f 18 August 2015
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Package Outline Dimensions (Al dimensions in mm.)
Please see AP02002 at http://www.diodes.com/datasheets/ap02002.pdf for the latest version.

(1) Package Type: SO-8

l g 3 S08
1 Gauge Plane Dim Min Max
o Seating Plane A ™ 1.75
A1 0.10 0.20
A2 1.30 1.50
HHHE A3 | 015 | 025
h 79 b 0.3 0.5
i — 45 T D | 485 | 495
' ' A5 ;‘\ T Detail ‘A E 5.90 6.10
' : ;A T . ] E1 3.85 3.95
o= h - 0.35
l D L | 062 | 082
0 0° 8°
All Dimensions in mm

(2) Package Type: MSOP-8EP

MSOP-8EP

Dim | Min | Max | Typ

A - 1.10 -
A1 | 0.05[0.15 | 0.10
@l A2 [0.750.95 | 0.86
i ,__,.J ( A3 [0.29 | 049 [0.39
Gauge Plane 1 \ \ b [022]038]0.30
Seating Plane c 0.08 | 0.23 | 0.15
D [2.90]3.10 |3.00
D1 | 1.60 | 2.00 | 1.80
E [ 4.70 .10 | 4.90
2.90 | 3.10 | 3.00
/r \\\ 1.30 .70 | 1.50
\] J——c 2.85)3.05 | 2.95
e - - 1065
7/ i L [0.40] 0.80 | 0.60

T | a 0° 8° 4°
See Detail C x - - 10.750
y - - 10.750

All Di in mm
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Package Outline Dimensions (Al dimensions in mm.)
Please see AP02002 at http://www.diodes.com/datasheets/ap02002.pdf for latest version.

(3) Package Type: SOT25

SOT25
Dim | Min | Max | Typ
A [0.35 [0.500.38
B 1.50 {1.70 [ 1.60
C | 2.70 |3.00]2.80
D S — [0.95
H | 290 |3.10(3.00
J [0.013/0.10)0.05
K | 1.00 [1.30[1.10
L |0.35 |0.55]0.40
M | 010 |0.200.15
N | 0.70 [0.80[0.75
3 0° 8 | —
All D in mm

(4) Package Type: U-DFN2018-6

I A3
A
U-DFN2018-6
SEATING PLANE SR
A1 A_[0.545]0.605[0.575
. A1 | 0 [005]0.02
ol = A3 — |- [013
o2 — |, b_0.15]025]020
T T D _[1.750[1.875] 1.80
[H g D2 [ 1.30 [ 1.50 | 1.40
S e — | — 10.50
N E_[1.95 [2.075] 2.00
£ : E2 E2 [0.90] 1.0 1.00
! L [0.20]030]025
z | — | — [030
[ fﬂz - AllD in mm
i
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Suggested Pad Layout

Please see AP02001 at http://www.diodes.com/datasheets/ap02001.pdf for the latest version.

E B 0 E)T e e

(1) Package Type: SO-8

X
Y 1.55
Cc1 54
C2 1.27
(2) Package Type: MSOP-8EP
ke _.’,Q_,
1Y
|G Value
Y | Dimensions (in mm)
C 0.650
‘ | G 0.450
Y2 : vt X 0.450
X1 X1 2.000
— 1 Y 1.350
Y1 1.700
[H I:| ﬂ |:| Y2 5300
(3) Package Type: SOT25
kcz+cz+|
T Di i Value (in mm)
z 3.20
G 1.60
X 0.55
l B —
c1 2.40
C2 0.95
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Suggested Pad Layout (continued)
Please see AP02001 at http://www.diodes.com/datasheets/ap02001.pdf for the latest version.

(4) Package Type: U-DFN2018-6
X C

4t 07 0 _

VA1 hsssssesssmpammriinammyasaimand L

Value (in mm)
0.50
0.20
0.25
1.60
0.35
1.20

=[=<|X%|x|o|o

-
=
& e

Hy

X1

Taping Orientation (Note 9)

For U-DFN2018-6

Top cover
tape thickness
& 0.10mm Max.

Note: 9. The taping orientation of the other package type can be found on our website at http:/www.diodes.com/datasheets/ap02007.pdf.
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and inative format by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2015, Diodes Incorporated

www.diodes.com
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USRI B AR 1.5A SINGLE CHANNEL CURRENT-LIMITED POWER SWITCH
Description Pin Assignments
The AP2181A and AP2191A are integrated high-side power switches
optimized for Universal Serial Bus (USB) and other hot-swap (Top View)
applications. This family of devices complies with USB 2.0 and is e E o E e
available with both polarities of Enable input. The AP2181A and
AP2191A offer current and thermal limiting and short circuit protection N E Z] ouT
as well as controlled rise time and undervoltage lockout functionality.
A 7ms deglitch capability on the open-drain Flag output prevents false IN E E] out
over-current reporting and does not require any external components.

en [4] [5] Fie

All devices are available in SO-8, MSOP-8EP, SOT25 and S0-8
U-DFN2018-6 packages.

(Top View)
Features ono C]® . F NC
«  Single USB Port Power Switches IN ] \ 73 out
e Over-Current and Thermal Protection IN ] } 57 ouTt
e 2.1A Accurate Current Limiting EN CE] —eed BET FiG
* Reverse Current Blocking
e  95mQ On-Resistance MSOP-8EP
*  Input Voltage Range: 2.7V to 5.5V
*  0.6ms Typical Rise Time (Top View)
*  Very Low Shutdown Current: 1pA (Max) OUTDZ = 0
«  Fault Report (FLG) with Blanking Time (7ms Typ)
*  ESD Protection: 4kV HBM, 300V MM GNOEE
e Active Low (AP2181A) or Active High (AP2191A) Enable
«  Ambient Temperature Range: -40°C to +85°C re[3] al e
e SOT25, SO-8, MSOP-8EP (Exposed Pad), and U-DFN2018-6:

Available in “Green” Molding Compound (No Br, Sb) SoT25

* Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2)
«  Halogen and Antimony Free. “Green” Device (Note 3) (Top View)

. UL Recognized, File Number E322375
* |EC60950-1 CB Scheme Certified

i

z
]

Feesrsenensin

]
o
c
=

Approdrions EN [BJ:........... ] FLG
e Consumer Electronics — LCD TV & Monitor, Game Machines
*  Communications — Set-Top Box, GPS, Smartphone U-DFN2018-6
e Computing — Laptop, Desktop, Servers, Printers, Docking
Station, HUB
Notes: 1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS), 2011/65/EU (RoHS 2) & 20 J (RoHS 3)
2. See https://www.diodes. i free/ for more i ion about Diodes 's itions of Halogen- and Antimony-free, "Green" and
Lead-free.

3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chiorine (<1500ppm total Br + Cl) and
<1000ppm antimony compounds.
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Typical Applications Circuit
AP2191A Enable Active High
Power Supply IN ouT Load
vasw | L L I 1
3
S10k ?WF F.wF IOJHF Tno",,
FLG
EN  GND
ON
wf L
Available Options
Current Limit Maxi Ci
Part Number Channel Enable Pin (EN) (Typ) Load Current
AP2181A 1 Active Low 21A 1.5A
AP2191A 1 Active High 21A 1.5A
Pin Descriptions
Pin Pin Number Eination
Name S0-8 MSOP-8EP | SOT25 | U-DFN2018-6
GND 1 1 2 1 Ground
IN 2,3 2,3 5 2 Voltage Input Pin (all IN pins must be tied together extemally)
EN 4 4 4 3 Enable input, active low (AP2181A) or active high (AP2191A)
Over-current and over-temperature fault report; open-drain flag is active low when
FLG 5 5 3 4 wriggered
ouT 6,7 6,7 1 56 Voltage Output Pin (all OUT pins must be tied together externally)
NC 8 8 N/A N/A No internal connection; recommend tie to OUT pins
Exposed Pad
Exposed Tab — Exposed Tab — Exposed Tab (It should be connected to GND and thermal mass for enhanced thermal
impedance. It should not be used as electrical ground conduction path.
AP2181A/AP2191A 20f17
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Functional Block Diagram

AP2181A, AP2191A

Current
. Sense

uvLo

GND
Absolute Maximum Ratings (@Ta = +25°C, unless otherwise specified.)
Symbol Parameter Ratings Unit
ESD HBM Human Body Model ESD Protection 4 kV
Machine Model ESD Protection 400 v
£SD MM for MSOP-8EP, SOT25 Packages
Machine Model ESD Protection 300 v
for U-DFN2018-6, SO-8 Packages
Vin Input Voltage 6.5 \
Vout Output Voltage Vin +0.3 \
Ven , Vrie Enable Voltage 6.5 \
ILoAaD Maximum Continuous Load Current Internal Limited A
Tymax) Maximum Junction Temperature +150 °C
Tst Storage Temperature Range (Note 4) -65 to +150 °C

Caution:  Stresses greater than the 'Absolute Maximum Ratings' specified above, may cause permanent damage to the device. These are stress ratings only;

functional operation of the device at these or any other
affected by i

to absolute maxi rating i for

periods of time.

is not implied. Device reliability may be

Semiconductor devices are ESD sensitive and may be damaged by exposure to ESD events. Suitable ESD precautions should be taken when handling
and transporting these devices.

Note: 4. UL Recognized Rating from -30°C to +70°C (Diodes Incorporated qualified Tst from -65°C to +150°C).

Recommended Operating Conditions (@t = +25°C, unless otherwise specified.)

v F Min Max Unit
Vin Input Voltage 27 55 \
lout Output Current 0 15 A
Ta Operating Ambient Temperature -40 +85 °C
ViH High-Level Input Voltage on EN or EN 2.0 Vin \
ViL Low-Level Input Voltage on EN or EN 0 0.8 \
AP2181A/AP2191A 30f17 May 2018
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I N C O R PO RATESE II’
Electrical Characteristics (@ta=+25°C, Vin = 5V, unless otherwise specified.)

Symbol Parameter Test Conditions Min Typ Max | Unit
Vuwio |Input UVLO RLoap = 1kQ 16 19 25 A\
Isypn  [Input Shutdown Current Disabled, loyt= 0 — 0.5 1 A

la Input Quiescent Current Enabled, loyt=0 — 45 70 pA
Iteak  |Input Leakage Current Disabled, OUT grounded — — 1 A
Irev  |Reverse Leakage Current Disabled, Vin = 0V, Vout = 5V, Irev at Vin — 1 — HA
sy A= 425°C [SOT25. MSOP-8EP, SO-8 — 95 115
i |U-DFN2018-6 — [ 90 | 110
Rops(on) [Switch On-Resistance -40°C < Ta< +85°C —_ — 140 mQ
Vin=3.3V, [Ta=+25°C —_ 120 | 140
lout= 1.5A -40°C < To< +85°C — — 170
Istort _|Short-Circuit Current Limit Enabled into short circuit, CL = 100pF — 20 — A
lumir  |Over-Load Current Limit Vin= 5V, Vour = 4.5V, C= 120pF, -40°C < Ta < +85°C 1.6 21 26 A
Itig  |Current Limiting Trigger Threshold Output Current Slew Rate (<100A/s) , C, = 100pF — 26 A
Vi EN Input Logic Low Voltage Vin = 2.7V to 5.5V - — 0.8 \
ViH EN Input Logic High Voltage Vin=2.7Vt0 5.5V 2 —_ — \
Iswk  |EN Input Leakage Ven = 5V e - 1 Ty
toon)  |Output Turn-On Delay Time CrL = 1pF, Rioap = 10Q — 0.05 —_ ms
tr Output Turn-On Rise Time CL= 1yF, Rioap = 10Q — 0.6 1.5 ms
toorr) |Output Turn-Off Delay Time CL= 1pF, Rioap = 10Q —_ 0.01 ms
tF Output Turn-Off Fall Time CL= 1pF, Rioap = 10Q — 0.05 0.1 ms
Rrig |FLG Output FET On-Resistance IrLg = 10mA, CL= 100pF — 20 40 Q
taiank  |FLG Blanking Time Cin= 10pF, C_ = 100pF 4 7 15 ms
Tsuon | Thermal Shutdown Threshold Enabled, R oap = 1kQ — +140 — °C
Thys |Thermal Shutdown Hysteresis — — +25 — °C
SO-8 (Note 5) — 110 — °CW
g,a | Thermal Resistance Junction-to- MSOP-8EP (Note 6) — 60 — | cw
Ambient SOT25 (Note 7) — 157 — ‘CW
U-DFN2018-6 (Note 8) — 70 — ‘CW

Notes: 5. Test condition for SO-8: Device mounted on FR-4, 20z copper, with minimum recommended pad layout.

6. Test condition for MSOP-8EP: Device mounted on 2" x 2" FR-4 substrate PC board, 20z copper, with minimum recommended pad on top layer and
thermal vias to bottom layer ground plane.

7. Test condition for SOT25: Device mounted on FR-4, 20z copper, with minimum recommended pad layout.

8. Test condition for U-DFN2018-6: Device mounted on FR-4 2-layer board, 20z copper, with minimum recommended pad on top layer and 3 vias to bottom
layer 1.0"x1.4" ground plane.
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Figure 1. Voltage Waveforms: AP2181A (Left), AP2191A (Right)

All Enable Plots are for AP2191A Active High

Turn-On Delay and Rise Time Turn-Off Delay and Fall Time
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Ve Ve =

idiv idiv 128
C = 1pF * L4 R.=50Q
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R.=50Q - L
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Turn-On Delay and Rise Time Turn-Off Delay and Fall Time
—
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Ve Vex
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Typical Performance Characteristics (cont)

Short Circuit Current,
Device Enabled Into Short

Inrush Current

Vi

Veu en
5Vidiv SVidiv
— — i “
C, = 470pF Ta= .52‘;.(:
/ C, = 100pF / R =330
/
lour
lour Vin= 5V 500mA/div
500mA/div Ta=+25°C
C,= 100pF
Cy = 220pF %
L =
500ps/div sl
0.6 Q Load Connected to Enabled Device Short Circuit with Blanking Time and Recovery
V=5V T V=5V
Ta=+26°C Ta=+25°C
C,= 100pF Vi C. = 100pF
1 our
Vruag 5Vidiv
2Vidiv
e
o
Ve
| 5Vidiv
lour lour _—
1A/div 2A/div
ad
2ms/div 20ms/div
Power On UVLO Increasing
Vaac
SVidiv
Vau
Ty=425°C 2Vidiv .
C, = 68yF
lour R =330
500mA/div v
Ta=+25C
::___/ C.=68yF
S5Vidiv R.=330
lour
Vi - 500mA/div
FAY/ T e ™
1ms/div 1ms/div
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Typical Performance Characteristics (cont)

uvLO Decreaslng Current Limit Response vs Peak Current
45
Ta=+25°C -
s \
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4 \ Ta=+25°C
P i \
3 ~—
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500mA/div 9 s
\ 0
N 0 2 4 6 8 10 12
Peak Current (A)
10ms/div
Turn-On Time vs Input Voltage Turn-Off Time vs Input Voltage
“ N T 1T 1
750 50 S~ \ gﬁ 13; N
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) Ew
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350 R =100 — 20
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250 | | 2
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Rise Time vs Input Voltage Fall Time vs Input Voltage
650 2
600 / 24
- /
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Typical Performance Characteristics (cont)

Supply Current, Output Enabled vs Ambient Temperature Supply Current, Output Disabled vs Ambient Temperature
52 09
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Temperature
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AP2181A/AP2191A 8 of 17 May 2018

Document number: DS37618 Rev. 2-2

www.diodes.com

© Diodes Incorporated

E322375-A6029-CB-1



Issue Date: 2024-07-24 Page 235 of 252 Report Reference # E322375-A6029-CB-1

Enclosures

Manuals ID 06-12

AP2181A/AP2191A

®
I mcoOoRPORATERD

Application Information

Power Supply Considerations

A 0.01pF to 0.1pF X7R or X5R ceramic bypass capacitor between IN and GND, close to the device, is recommended. Placing a high-value
electrolytic capacitor on the input (10pF minimum) and output pin(s) is recommended when the output load is heavy. This precaution reduces
power-supply transients that may cause ringing on the input. Additionally, bypassing the output with a 0.01uF to 0.1pF ceramic capacitor improves
the immunity of the device to short-circuit transients.

Over-Current and Short Circuit Protection

An internal sensing FET is employed to check for over-current conditions. Unlike current-sense resistors, sense FETs do not increase the series
resistance of the current path. When an overcurrent condition is detected, the device maintains a constant output current and reduces the output
voltage accordingly. Complete shutdown occurs only if the fault stays long enough to activate thermal limiting.

Three possible overload conditions can occur. In the first condition, the output has been shorted to GND before the device is enabled or before Vin
has been applied. The AP2181A/AP2191A senses the short circuit and immediately clamps output current to a certain safe level namely Iuwir.

In the second condition, an output short or an overload occurs while the device is enabled. At the instance the overload occurs, higher current
may flow for a very short period of time before the current limit function can react. After the current limit function has tripped (reached the over-
current trip threshold), the device switches into current limiting mode and the current is clamped at lumit.

In the third condition, the load has been gradually increased beyond the recommended operating current. The current is permitted to rise until the
current-limit threshold (ltric) is reached or until the thermal limit of the device is exceeded. The AP2181A/AP2191A is capable of delivering
current up to the current-limit threshold without damaging the device. Once the threshold has been reached, the device switches into its current
limiting mode and is set at IiT.

Note that when the output has been shorted to GND at extremely low temperature (< -30°C), a minimum 120pF electrolytic capacitor on the output
pin is recommended. A correct capacitor type with capacitor voltage rating and temperature characteristics must be properly chosen so that
capacitance value does not drop too low at the extremely low temperature operation. A recommended capacitor should have temperature
characteristics of less than 10% variation of capacitance change when operated at extremely low temp. Our recommended aluminum electrolytic
capacitor type is Panasonic FC series.

FLG Response

When an over-current or over-temperature shutdown condition is encountered, the FLG open-drain output goes active low after a nominal 7ms
deglitch timeout. The FLG output remains low until both over-current and over-temperature conditions are removed. Connecting a heavy
capacitive load to the output of the device can cause a momentary over-current condition, which does not trigger the FLG due to the 7ms deglitch
timeout. The AP2181A/AP2191A is designed to eliminate false over-current reporting without the need of external components to remove
unwanted pulses.

Power Dissip and Temp
The low on-resistance of the internal MOSFET allows the small surface-mount packages to pass large current. Using the maximum operating
ambient temperature (Ta) and Rps(on), the power dissipation can be calculated by:

Po = Rosonx I?

Finally, calculate the junction temperature:
Ts=PoxRema+Ta

Where:

Ta = Ambient temperature °C
Reya = Thermal resistance
Pp = Total power dissipation

Thermal Protection

Thermal protection prevents the IC from when heavy-overload or short-circuit faults are present for extended periods of time. The
AP2181A/AP2191A implements a thermal sensing to monitor the operating junction temperature of the power distribution switch. Once the die
temperature rises to approximately +140°C due to excessive power dissipation in an over-current or short-circuit condition the internal thermal
sense circuitry turns the power switch off, thus preventing the power switch from damage. Hysteresis is built into the thermal sense circuit allowing
the device to cool down approximately +25°C before the switch turns back on. The switch continues to cycle in this manner until the load fault or
input power is removed. The FLG open-drain output is d when an over- p ire shutdown or over-current occurs with 7ms deglitch.
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Application Information (cont)

Undervoltage Lockout (UVLO)

Undervoltage Lockout (UVLO) function keeps the internal power switch from being turned on until the power supply has reached at least 1.9V,
even if the switch is enabled. Whenever the input voltage falls below approximately 1.9V, the power switch is quickly turned off. This facilitates the
design of hot-insertion systems where it is not possible to turn off the power switch before input power is removed.

Host/Self-Powered HUBs

Hosts and Self-Powered HUBs (SPH) have a local power supply that powers the embedded functions and the downstream ports (see Figure 2).
This power supply must provide from 5.25V to 4.75V to the board side of the downstream connection under both full-load and no-load conditions.
Hosts and SPHs are required to have current-limit protection and must report over-current conditions to the USB controller. Typical SPHs are
desktop PCs, monitors, printers, and stand-alone hubs.

Downstream
Power Supply USB Ports
33v 5V
— D+
AP2181A —1p-
23 6,7
IN out * Vaus
01pF S R GND
I S “Lo.pF L 120pF
> FLG .
USB Control 4 EN

GND
I
Figure 2. Typical One-Port USB Host / Self-Powered Hub

Generic Hot-Plug Applications

In many applications it may be necessary to remove modules or PC boards while the main unit is still operating. These are considered hot-plug
applications. Such implementations require the control of current surges seen by the main power supply and the card being inserted. The most
effective way to control these surges is to limit and slowly ramp the current and voltage being applied to the card, similar to the way in which a
power supply normally turns on. Due to the controlled rise and fall time of the AP2181A/AP2191A, these devices can be used to provide a softer
start-up to devices being hot-plugged into a powered system. The UVLO feature of the AP2181A/AP2191A also ensures that the switch is off after
the card has been removed, and that the switch is off during the next insertion.

By placing the AP2181A/AP2191A between the VCC input and the rest of the circuitry, the input power reaches these devices first after insertion.
The typical rise time of the switch is approximately 1ms, providing a slow voltage ramp at the output of the device. This implementation controls
system surge current and provides a hot-plugging mechanism for any device.

Dual-Purpose Port Applications

AP2181A/AP2191A is suitable for use in dual-purpose port applications in which a single port is used for data communication between the host
and peripheral devices while simultaneously maintaining a charge to the battery of the peripheral device. An example of this is a shared
HDMI/MHL (Mobile High-Definition Link) port that allows streaming video between an HDTV or set-top box and a smartphone or tablet while
maintaining a charge to the smartphone or tablet battery. In such dual-purpose port applications, it is important to insure Viy of the
AP2181A/AP2191A is ramped to its operating voltage prior to enabling the output.
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Ordering Information
AP21X1A ﬁf - {
Enable Channel Package Packing
8 : Active Low 1:1 Channel W : SOT25 7 : 7" Tape & Reel
9 : Active High S:80-8 13: 13" Tape & Reel
MP : MSOP8-EP
FM : U-DFN2018-6
Packag = 7”/13” Tape and Reel Status
Fort Numbor (Note 10) Package Code Quantity Part Number Suffix | (Note 9)
AP2181AW-7 SOT25 w 3000 -7 In Production
AP2181AS-13 SO-8 S 2500 -13 In Production
\P2181AMP-13 MSOP-8EP MP 2500 -13 In Production
NP2181AFM-7 U-DFN2018-6 FM 3000 -7 In Production
AP2191AW-7 SOT25 w 3000 -7 In Production
AP2191AS-13 SO-8 S 2500 -13 In Production
AP2191AMP-13 MSOP-8EP MP 2500 -13 In Production
AP2191AFM-7 U-DFN2018-6 FM 3000 -7 End of Life
Notes: 9. AP2191AFM-7 is End of Life (EOL) and recommended alternative is AP2181AFM-7.
10. For packaging details, go to our website at: https://www.diodes. i i P ging/.
Marking Information
(1) SO-8
(Top View)
6] [ 6 s
Logo «—1— |
Part Number «<—— AP21X 1A YY : Year : 08, 09,10~
8 : Active Low +— WW : Week : 01~52; 52
9 : Active High YY WW XX represents 52 and 53 week
o XX : Internal Code
1| [ B
(2) MSOP-8EP
(Top View)
Bl [7] [e] [s]
Logo «—— )} | YW X E+— MSOP-8EP
Y :Year:0~9
Part Number <—— AP21X1A W: Week : A~Z : 1~26 week;
8: Active Low gaza h(2175353v$(ek, z represents
9 : Active High (@] X : Internal Code
i 2 T8 14
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Marking Information (cont)
(3) SOT25
( Top View)
[5] [4]
XX : Identification code
Y :Year 0~9
XXY WX W : Week : A~Z : 1~26 week;
a~z : 27~52 week; z represents
52 and 53 week
A7 [2] [38] X:A~Z:Green
Device Package Type Identification Code
AP2181AW SOT25 VX
AP2191AW SOT25 VY
(4) U-DFN2018-6
(Top View)
XX : Identification Code
XX Y : Year: 0~9
YWX W : Week : A~Z : 1~26 week;
. a~z : 27~52 week; z represents
52 and 53 week
X :A~Z: Green
Device Package Type Identification Code
AP2181AFM U-DFN2018-6 ZX
AP2191AFM U-DFN2018-6 Y
AP2181A/AP2191A 120f 17 May 2018
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Package Outline Dimensions
Please see http://www.diodes.com/package-outlines.html for the latest version.
(1) Package Type: SO-8
g1
Dim | Min Max | Typ
A | 140 | 150 [ 145
_+_ A1 | 0.10 | 0.20 | 0.15
b 0.30 | 0.50 | 0.40
O c | 0.5 | 0.25 | 0.20
1 D 485 | 495 | 490
E 5.90 6.10 | 6.00
I:l I:I H E1 | 380 | 390 | 385
EO0 | 3.85 3.95 | 3.90
e - - 1.27
_ y E h | - — o35
AeS) L 0.62 0.82 | 0.72
& SN 90 X Q | 060 | 0.70 | 065
o | L—l /~ k5 - All Di in mm
[ : 4°13° il - r
! ! L auge Plane
N | I I Seating Plane
Q- —
i e Al =)
D
(2) Package Type: MSOP-8EP
MSOP-8EP
Dim | Min | Max | Typ
A - 1.10 -
A1 ] 0.05 0.1 0.10
A2 |0.75 | 0.95 | 0.86
A3 [0.29 | 0.49 | 0.39
b 0.22 | 0.38 | 0.30
c 0.08 | 0.23 | 0.15
D 290 |3.10 | 3.00
D1 .60 | 2.00 | 1.80
E [4.70 | 5.10 | 4.90
E1 |2.90 |3.10 | 3.00
E2 [1.30[1.70 [ 1.50
E3 [285[3.05]295
e - - 0.65
L 1040 |0.80 | 0.60
a 0° 8° 4°
X - - 10.750
y - - 10.750
All D in mm
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Package Outline Dimensions (cont)
Please see http://www.diodes.com/package-outlines.html for the latest version.

(3) Package Type: SOT25

~{Afe

SOT25
Min | Max | Typ
0.35 | 0.50 | 0.38
1.50 [1.70 [ 1.60
2.70 |13.00(2.80
— — 10.95
2.90 |3.10]3.00
0.013/0.10 | 0.05
1.00 [1.30 [ 1.10
0.35 | 0.55|0.40
0.10 |1 0.20 [(0.15
0.70 {0.80 [0.75
0° 8 —

in mm

=]
3

£l ZIEFX‘—IUOW>

2

(4) Package Type: U-DFN2018-6

! i U-DFN2018-6
SEATING PLANE Dim | Min | Max | Typ
A ]0.545)0.605(0.575
Al A1 0 10.05[0.02
Pin#1 ID — D A3 | — [ —To13
b 10.15[0.25]0.20
D |1.750|1.875/ 1.80
D2 [1.30]1.50 | 1.40
e — — 1 0.50
1.95 [2.075] 2.00
0.90 [ 1.10 | 1.00
L [0.200.30 [ 0.25
z — — 10.30
All Di inmm

T
’ e T —f ol — [
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Suggested Pad Layout
Please see http://www.diodes.com/package-outlines.html for the latest version.
(1) Package Type: SO-8
X
Di Value (in mm)
X
Y 1.55
-+ ci ci 54
C2 1.27
c2
3 [
(2) Package Type: MSOP-8EP
I i
Y
!G J Dimensions (i\:‘ a'::;)
C 0.650
I G 0.450
Y2 : Y1 X 0.450
X1 X1 2.000
Y 1.350
Y1 1.700
m m ] I:| V2 5.300
(3) Package Type: SOT25
fecaafe coof
D i Value (in mm)
T G 1.60
X 0.55
z$ a Y 0.80
_{_ c1 2.40
C2 0.95
1
[
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Suggested Pad Layout (cont)
Please see http://www.diodes.com/package-outlines.html for the latest version.
(4) Package Type: U-DFN2018-6
X c
[
siHpHgH
Di Value (in mm)
C 0.50
G 0.20
Y1 | X 0.25
X1 1.60
* Y 0.35
s Y1 1.20
HEH)Y

X1

Taping Orientation

For U-DFN2018-6

Top cover
tape thickness

Note: 11. The taping orientation of the other package type can be found on our website at http://www.diodes. 007.pdf.
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and inative format by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or syst are devices or sy which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
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Miscellaneous ID 07-04

AP2141D/ AP2151D

INCORPORATRD

Ordering Information

APN;} Djl* -

| r 1
I Enable II Channel | I Package ”Cnm” Paoking |
4 ; Activelow 1: 1 Channel W: 20725 @:0Gresn  7:7" Taps & Reel
5 : Active High 8:904 13:13" Tape & Reel
MNP : MSOP-BEP
FM : U-DFN2016-6
7"/13" Tape and Reel
e ek ol y Part Number Suffix
AP21X1DSG-13 S SO-8 2,500/ Tape & Reel -13
AP21X1DMPG-13 MP MSOP-8EP 2,500/Tape & Reel -13
AP21X1DWG-7 w SOT25 3,000/'Tape & Reel -7
AP21X1DFMG-7 FM U-DFN2018-6 3,000Tape & Reel -7
Note: 9. For packaging details, go to our website at hitp/www.diodes.comVproducts/packages.html.

AP2141/ AP2151

ImcomronATES®

Ordering Information

AP21X1 XX G -X
=3 o

[ r 1
[ Enable ] I Channel I I Package I I Green | I Packing ]
4:Activelow 1:1Channel W: SOT25 G :Green 7:7" Tape & Reel
5 : Active High $:80-8 13:13" Tape & Reel
MP : MSOP-8EP
FM : U-DFN2018-6
7" /13" Tape and Reel
Part Number Package Code (Note 10) Quantity Part Number Suffix
AP21X1WG-7 w SOT25 3,000/Tape & Reel -7
AP21X1SG-13 S S0-8 2,500/Tape & Reel -13
AP21X1MPG-13 MP MSOP-8EP 2,500/Tape & Reel -13
AP21X1FMG-7 FM U-DFN2018-6 3,000/Tape & Reel -7
Note: 10. For packaging details, go o our website at diodes htmi
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AP2161D/AP2171D
Il‘.l!.ll'l.-
Ordering Information
AP 21 4?, Df?-;
[ . L
[ Enadle ][ Chanmed J[ Package ][ Green || Packing |
6: Active Low 1:1 Channel S :S08 G : Green 7/13 : Tape & Reel
7 : Active High M8 : MSOP-8
MP : MSOP-8EP
W :S0T25
FM: UDFN2018-6
7"/13" Tape and Reel
Rt Mt Packags Cods Quantity Part Number Suffix
AP21X1DSG-13 ] SO-8 2,500/Tape & Reel -13
AP21X1DM8G-13 M8 MSOP-8 2,500/Tape & Reel -13
AP21X1DMPG-13 MP MSOP-8EP 2,500/Tape & Reel -13
AP21X1DWG-7 w SOT25 3,000/Tape & Reel -7
AP21X1DFMG-7 FM U-DFN2018-6 3,000/Tape & Reel -7

IimcomromArE

AP2181/ AP2191

Ordering Information

AP21X1 XX G -X
s gy

[ T | [ Channet | [

Package “Gr;on” Packng |

B:Activelow 1:1

Channel W: 30725

Q:0reen 7:7" Tape & Reel

8 : Active High 8:808 13: 13" Tape & Reel
NP : MSOP-BEP
FM : U-DFN2018-6
oart Namber N 713" Tape and Reel
S wokige Code Quantity Part Number Suffix
AP2IXIWG7 W SOT25 3,000Tape & Reel 7
AP21X15G-13 s 508 2,500 Tape & Reel a3
AP2IXIMPG-13 wP MSOP-SEP 2,500 Tape & Reel 13
AP21IXTFMG7 ™ U-DFN20186 3,000 Tape & Reel 7

22l
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i) " . | AP2181D/AP2191D
Ordering Information
AP21 _)1§1 DXXG -X
| . ] J 1 .
[ Enable I I Channel ] [ Package ] [ Green ] [ Packing |
8:ActiveLow 1:1Channel W: SOT25 G:Green 7:7" Tape & Reel
9: Active High $:808 13:13" Tape & Reel
M8 : MSOP-8
MP : MSOP-8EP
FM : U-DFN2018-6
Package 7"/13" Tape and Reel Status
Part Number (Note 9) Package Code Quantity (Note 8)
AP2181DWG-7 SOT25 s 3000 In Production
AP2181DSG-13 SO-8 SN 2500 In Production
AP2181DMPG-13 MSOP-8EP MP 2500 In Production
AP2181DFMG-7 U-DFN2018-6 FM 3000 In Production
AP2191DWG-7 SOT25 S 3000 In Production
AP2191DSG-13 SO-8 SN 2500 In Production
AP2191DM8G-13 MSOP-8 M8 2500 In Production
AP2191DMPG-13 MSOP-8EP MP 2500 In Production
AP2191DFMG-7 U-DFN2018-6 FM 3000 In Production
Notes: 8. AP2161DMBG-13 18 End of Life (EOL) and recommended altemative is AP2181DMPG-13 or AP2191DMBG-13.
9. For packaging details, go to our website at- diodes.
| AP2181A/AP2191A
Ill....llll..
Ordering Information
AP21X1A -
| Enable | | Channel I | Package | | Packing |
8 : Active Low 1:1 Channel W:S0T25 7 :7" Tape & Reel
9 : Active High S:S0-8 13: 13" Tape & Reel
MP : MSOP8-EP
FM : U-DFN2018-6
Package 7"/13" Tape and Reel Status
Part Number (Note 10) Peckn0s Cody Guantity Part Number Suffix | (Note 9)
RP2181AW-7 SOT25 W 3000 -7 In Production
FP2181AS-13 S0-8 S 2500 -13 In Production
PP2181AMP-13 MSOP-S8EP MP 2500 -13 In Production
KP2181AFM-7 U-DFN2018-6 FM 3000 -7 In Production
BP2191AW-7 SOT25 W 3000 7 In Production
P2191AS-13 S0-8 S 2500 -13 In Production
pP2191AMP-13 MSOP-8EP MP 2500 -13 In Production
RP2191AFM-7 U-DFN2018-6 FM 3000 -7 End of Life
Notes: 9. AP2191AFM-7 is End of Life (EOL) and recommended altemative is AP2181AFM-7.

10. For packaging details, go to our website at: hitps /www.diodes.




Issue Date:

Report Reference # E322375-A6029-CB-1

2024-07-24 Page 249 of 252

Enclosures

Miscellaneous ID 07-04

| AP21410/ AP21510
Ordering Information mote 7)
AP212l(_10 XX - _)I(_
[
Enable I | Package | | Packing
4: Active Low FM:U-DFN2018-6 7 :7" Tape & Reel
5: Active High
7" Tape and Reel
Part Number Package Code P,
Quantity Part Number Suffix
AP21410FM-7 M U-DFN2018-6 3,000/Tape & Reel 7
AP21510FM-7 M U-DFN2018-6 3,000/Tape & Reel 7
Note: 7. For packaging details, go 1o our website at http://www.diodes. com/products/packages. htmi.
AP2161A/ AP2171A
Ordering Information
AP21X1A XX -X
[ ' | I |
[ 1
| Enable | | Channel | | Package | | Packing
6 : Active Low 1: 1 Channel W:80T25 7 ' 7" Tape & Reel
7 : Active High S:808 13 113" Tape & Reel
MP : MSOP8-EP
FM : U-DFN20186
Part Number Package Code Guantity LIS Tape mid R::.In —

& | AP21X1AW-7 w SOT25 3,000Tape & Reel -7
& AP21X1AS-13 B S0-8 2,500Tape & Reel -13
& AP21X1AMP-13 MP MSOP-8EP 2,500 Tape & Reel -13
&) AP21X1AFM-7 FM U-DFN2018-6 3,000/Tape & Reel -7
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Enclosures

Miscellaneous ID 07-04

AP2161/ AP2171

IimcomromAares

Ordering Information

AP21X1 XX G -X
| i

[ 1

[ Enable l [ Channel | | Package | | Green | | Packing |

6:ActiveLow 1:1Channel W: SOT25 G:Green 7:7" Tape & Reel

7 : Active High $:50-8 13:13" Tape & Reel
MP : MSOP-8EP

FM : U-DFN2018-6

7"/13" Tape and Reel
Part Number Package Code P Quantity Part Number Suffix
& AP21X1WG-7 w SOT25 3,000/Tape & Reel -7
& AP21X1SG-13 S S0-8 2,500/Tape & Reel -13
g__ AP21X1MPG-13 MP MSOP-8EP 2,500/Tape & Reel -13
LY AP21X1FMG-7 FM U-DFN2018-6 3,000/Tape & Reel -7

ImcomronATESD

Ordering Information

AP21X1A XX - X
| — L5 |
’ Enable l | Channel ‘ ‘ Package | I Packing l
5 : Active High 1: 1 Channel W:SOT25 7: 7" Tape & Reel
S:S08 13: 13" Tape & Reel
MP : MSOP8-EP

FM : U-DFN2018-6

», o Status
Part Number m"fﬁ Package Code Lty g::uzd Rost o 10}
AP21SIANT 50125 W 3000 in Production
AP2151AS-13 508 B 2500 in Production
AP2151AMP-13 MSOP-8EP MP 2500 in Production
[ ApaisiammT U-DFN20166 M 3000 in Production
Notes. 10. All variants of AP2141A are End of Life and recommended alternatives are AP2141

11. For packaging details, go to our website at: hitps fwww.
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Imcommonavreose

Miscellaneous ID 07-04

AP2146/AP2156

Ordering Information

AP21X6 XX G -X
1T T

[
[ Enable ]| Channel |

1
Package | l Green I | Packing ]
4:ActiveLow 6:2Channel S:S0-8 G : Green 13:13" Tape & Reel
5: Active High MP : MSOP-8EP
13" Tape and Reel
o Vackege Coqe " Quantity Part Number Suffix
AP21X6SG-13 S SO-8 2500/Tape & Reel -13
AP21X6MPG-13 MP MSOP-8EP 2500/Tape & Reel -13
imeconmromAaTED AP2101/AP2111

Ordering Information

AP21X1 XX G -X
ST L

[ I
I Enabls “ Chnmd“

Package | [ Groon | { Packing |

O:ActiveLow 1:1Channel §:8S08

G:Green 13: 13" Tape & Reel

1: Active High MP : MSOP-8EP
13" Tape and Reel
Part Number Package Code P Quantity Part Number Suffix
& AP21X1SG-13 S SO-8 2500/Tape & Reel -13
& AP21X1MPG-13 MP MSOP-8EP 2500/Tape & Reel -13




Issue Date:

2024-07-24 Page 252 of 252

Enclosures

Report Reference #

Miscellaneous ID 07-05

E322375-A6029-CB-1

Annex G.9 — IC Current Limiter Testing Results

Condition Description

Result [State Pass or Fail]

10,000 Cycles of Enable pin with the output Pass
delivering Nominal Current at 25C

50 Cycles of Enable pin with the output delivering | Pass
Nominal Current at 85C

50 Cycles of Enable pin with the output delivering | Pass
Nominal Current at -40C

50 Cycles of Power pin with the output delivering | Pass
Nominal Current at 85C

50 Cycles of Power pin with the output delivering | Pass
Nominal Current at -40C

50 Cycles of Power pin with the output delivering | Pass
Short Circuit Current at 85C

50 Cycles of Enable pin with the output delivering | Pass
150% Nominal Current at 25C

50 Cycles of Power pin with the output delivering | Pass

150% Nominal Current at 25C




