MITSUMI =

1ch 300mA Load Switch IC

MM4009

This IC is load switch IC with built-in overcurrent protection function suitable for HDMI requirements (5V, 300mA) and
other applications. Supports load currents up to 300mA, and when the output current to the load exceeds threshold, it
switches to constant current operation and limits the output current to protect the load or input device from abnormal
conditions. It also has a built-in soft start function to suppress inrush current and prevent voltage drop, and built-in
function to prevent reverse current when the output voltage exceeds the input voltage, making it possible to protect the

inEut device. Certified to the safeti standard IEC62368-1, it is ideal for protecting power system circuits in a variety of

m QOver current protection

m reverse current / voltage blocking function
Soft start function

= Low on resistance 70mQ (Typ.)

Certified to the safety standard IEC62368-1

Main specifications

= VIN Rating Voltage T 6V

= Recommended VIN Range 1 2.7~5.5V

® Max Output Current : 300mA

= Current Limit Detection : 0.45A (Typ.) £7% (Ta=25°C)

m Current Limit Response time : 10ps (Typ.)

= Qutput short Detection : 0.35A (Typ.) £7% (Ta=25°C)

= Turn On Time : 0.7ms (Typ.)

m Reverse Current Protection : Threshold 0.35A (Typ.), Deglitch Time 4ms

m Reverse Current Protection . Threshold VOUT-VIN> 60mV(typ.), Response Time 40us
m Built-in Abnormal Flag : OCP/Reverese Current or Voltage Block/Thermal Shut Down
= Thermal Shut Down : 140°C

= Recommended Temp.Range : -40~85C

m Package : SOT-26F

= Dimensions :2.8mmx2.9mmx1.45mm (WxDxH)

Packages
m SOT-26F

Application

= HDMI and other applications required circuit protection to limit current
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Model Name

M M 4 0 0 9 A N R E
I Mn—J 7 1 L

Series name (A) (B) (C) (D)
(A) [Function Type A |Original Type
(B) |Package N |SOT-26F
(C) |Packing Specifications R |R HOUSING
(D) [Tape Material E [EMBOSS TAPE

Block Diagram

S8 &1 10 i Output Reverse Voltage /
Current Protection
A A
VIN [} > { Jvour
Charge
Pump_|
=
v v 5 =
EN []— ELnoagt:i»l:e Driver |« Current §
. ] oc#
L
UVLO Thermal ] GND
shutdown
Pin Configuration
Pin No. | Pin name I/0 Function
1 VIN In Supply Input terminal
11O 6|
| 2 TOP VIEW 5 I 2 GND - Ground terminal
[3 4 | 3 EN In Enable input terminal
4 OC# Out Open-drain fault terminal
5 NC - No connection
6 VOUT Out Output Voltage terminal
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Absolute Maximum Ratings

Parameter Symbol Min. Max. Unit
VIN terminal voltage VIN_max -0.3 6.0 \%
EN,OC#,VOUT terminal voltage VXxx_max -0.3 6.0 \%
Junction Temperature Timax - 150 C
Storage temperature Tstg -55 150 T
Power Dissipation *1 Pd - 0.49 W

*1:Board size:15x15mm,t=0.8mm, Wire rate: single side 30%

Recommended Operating Conditions

Parameter Symbol Min. Max. Unit
Operating Ambient temperature Topr -40 85 °C
VIN Operating voltage Vop 2.7 5.5 \%

Electrical Characteristics

(Ta=25%C, VIN = 5V, VEN = 5 V unless otherwise specified)

Parameter [Symbol| Conditions | Min. | Typ. [ Max. | unit

General CHARACTERISTICS
Input Supply Voltage

VIN 2.7 - 5.5 \%
Input Quiescent Current
IIN_ON [IOUT=0A, VEN=5V - - 100 WA
Input Shutdown Current
IIN_OFF|VEN=0V - 0.1 1.0 [U7AN
IOUT=1A, Ta=25°C - 70 120 mQ
Switch On Resistance RON OUT=1A
OUT=1A, - - 180 mQ

Ta=-40 to 85°C  *2

Enable Input Logic High Threshold

VEN_H [EN rising 1.8 - - \%
Enable Input Logic Low Threshold )

VEN_L |EN falling - - 0.8 \Y
Enable Input Bias Current

IEN_BIAS|VEN=1.8V - 0.3 1.0 A
Under-voltage Protection
Under-voltage Lockout Threshold o

VUVLO_R|VIN rising 2.20 2.35 2.50 \Y
Under-voltage Lockout Hysteresis .

vuvLo_HYs|VIN falling - 0.1 - \

Over-Current Protection

VOUT connected to
GND, device enabled 0.315 0.35 0.375 A
into short-circuit

Short Circuit Output Current ISC

VOUT connected to
GND, device enabled
into short-circuit
Ta=-5~80°C *2

0.305 | 0.35 | 0.385 A
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Electrical Characteristics

(Ta=25%C, VIN = 5V, VEN = 5 V unless otherwise specified)
Parameter Symbol Conditions Min. Typ. Max. Unit

current ramp <100A/s

on VOUT, Ta=25°C 0.418 | 0.45 | 0.482 A

Current Limit Threshold 10C

current ramp <100A/s
on VOUT, 0.405 | 0.45 | 0.495 A
Ta=-5~80°C *2

Fault Flag (OC#)
OC# Output Low Voltage

VOL [IOC#=5mA - - 0.4 \%
OC# Off State Current
IOL |VOC# = 5.5V - - 1 uA
OC# Deglitch time i
g ToC OC# assertion and 5 9 13 ms

deassertion delay

Output Reverse Voltage Protection
Output Reverse Voltage Trigger

VOUT-VIN, VOUT

Point *2 VT_RV Fising 10 60 120 mV
Ogtput Re\_/erse Voltage Release VR_RV VIN - VOUT, VOUT 5 40 110 mv
Trigger Point *2 falling
VOUT Shutdown Current VOUT = 5.5V
ISD T ! - -
~OUTIVIN short to GND > WA
Output Reverse Current Protection
Output Reverse Current Threshold | IRCL 0.15 0.35 0.50 A
O_utput Reverse Current Deglitch TDEG ) 4 ) ms
Time
Thermal Shutdown
Thermal Shutdown Threshold o
TSD |Temperature rising - 140 - °C
Thermal Shutdown Hysteresis .
TSD_HYS|Temperature falling - 20 - °C
Start-up Characteristics
Turn On Time *2 = —
ur ! TON ;‘)Ut LWk RL=100 3 | o7 1.2 ms
Turn Off Time *2 = —
ur ' TOFF ;‘)Ut Lk RL=100 14 | 024 | 042 | ms
Output Rise Time = =
P TR ;‘)Ut Lk RL=1001 o5 | 05 | o8 ms
Output Fall Time = =
utpu I TF ;out 1uF, RL = 100 ) 0.22 0.4 ms

*2 Guaranteed by design, not tested.
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Timing Chart

m Start-up / Shut-down / Under-voltage Protection

5V 5V
VUVLO_R | VUVLO_HYS
VIN o Tou L Tore “20us 7, N
Ty ""57'7" s R e Ta . 5V
VOUT | 90% " = % 90%
ov 10% I ~_10% % <
i 10us
EN |venH VEN_L-—Y— |
OC#
oV L L L

5V
VIN T Te
ov . A ——
Ton sv . T Tou
VOUT 90% D [T y
ov 10% / N\ <t.6v 10% / <16V 10% "
EN VEN_H -/
v_ s e — S H S —
OTP Release
J J J OTP Occur|  OTP Occur
OC# OC# Deglitch OC# Deglitch 0OC# Deglitch OC# Deglitch
ov ) 1 | 1
Toc] Toc \LJ 10UT_Removed
0UT < I 10UT Removed ]Z; I 1 OTP Release
0A - Z /
ocC OC Event OC Event OC Event OC Event
Event Occurs Removed Occurs Removed

= Qutput Reverse Current Protection / Output Reverse Voltage Protection

Output Reverse Voltage —__|

IRCL X Roson | Trigger Point - \
omV. ~
VOUT-VIN : Gutput Reverse Current ; Output Reverse Voltage
i ~ Release i & Release Trigger Point
—> < d0us — < d0us

EN

OC#

Ut Mos | MOS | MOS MOS
Tumoff_ | Tum o Tumoff  Tum on
[ N " S - -z \
-7 T

Output Reverse Current <T—> Output Reverse Current
Threshold peG Threshold

Application Circuit
VIN O J_ e:l VIN VOUTH] O

_|_ CIN c.ouT
]anD Ne[ ] -

ul Lo

SHH

[

ENO [ ]en oct [} O
= Used Parts
C_IN 1uF
c_out 1pF
ROC# 100kQ

= Application Hints
Place both C_IN and C_OUT bypass capacitors near to the device.
Keep all traces wide, short and direct tominimized the parasitic inductance.
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Typical Performance Characteristics (Ta=25%C, VIN = 5V, VEN = 5 V unless otherwise specified)

m Start-up (EN=L=H, IOUT=0A) m Shutdown (EN=H=L, IOUT=0A)
EN : 5V/div VOUT:2V/div OC#:5V/div IIN:50mA/div N : 5V/div_VOUT:2V/div_OC#:5V/div . Aldi
Main =11.25 M 200us/div|

N 1IN

pemsmetemAe T T i

oc#
. e < vouT

7
/ﬁ/Alms
vouT //x
0.57ms >

i ‘ Rt ; ; : = \

200us/div 200us/div

m Start-up (EN=L=H, RL=1009Q) = Shutdown (EN=H=L, RL=1009Q)
EN:5V/div_VOUT:2V/div_OC#:5V/div IIy:;l‘)ngJNdiv N EN:5V/div VOUT:2V/div OC#:5V/div IIN:200mA/div
Lol Wan 1.5 W 200us/dv!

1IN

o 5
=i e RIS

: ;,;jﬁ.fAGms Y
VOUT | o S,
e~ i g ey
0.62ms A i10.21ms IR
—>

EN : 110.23ms

T T

200us/div 200us/div

= Qutput Reverse Voltage Detection = Qutput Reverse Voltage Release

VIN : 100mV/div VOUT:100mV/div OC#:5V/div IOUT:50C VIN : 100mV/div VOUT:100mV/div OC#:5V/div IOUT:500mA/div

Van TN /—f T/ ] 50007V
VOuT s
7 i

esem— &

VIN VT_RV-detect i

FLTB ‘

10UT 7

1ms/div 500us/div
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Typical Performance Characteristics

(Ta=25%C, VIN = 5V, VEN = 5 V unless otherwise specified)

® Qutput Reverse Current Detection

VIN : 1V/div VOUT:1V/div OC#:5V/div I0UT:200mA/div VIN : 1V/div VOUT:1V/div OC#:5V/div IOUT:200mA/div
Main =11.25 M 1Ams/div Main =11.25 M 500us/div/
VouT

Output Reverse Current Release

VIN

oc# 4—.(
3.0ms

10UT

0.35A

1ms/div

500us/div

= Current Limit Detection

= Current Limit Release
VOUT:2V/div OC#:5V/div IOUT:200mA/div

VOUT:2V/div OC#:5V/div IOUT:200mA/div
W ¢ 1.06 — SFd - R — - - Won © 1,25 M T IET 352 ome /v
oc# ; i oc# 73ms ‘
6.8ms

vouT vouT |/

0.35A
/ — Histifs L i
Jrout | N sl
2ms/div 2ms/div

® Hard Short circuit Detection

= Hard Short circuit protection
VIN : 2V/div VOUT:2V/div FLTB:5V/div IOUT:5A/div

VIN : 2V/div VOUT:2V/div_FLTB:5V/div IOUT:5A/div
ES—— e T T aTAS

OocC#

—— i e ———
1
= VOUT Short

VOUT Short
vouTt

VOUT Short

Release
oc# \4
® OTP Event
!

10UT | | . é
! | T0UT

2ms/div

500ms/div
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Typical Performance Characteristics

Over Current Trip Threshold

(Ta=25%C, VIN = 5V, VEN = 5 V unless otherwise specified)
Short Circuit Output Current

0.5 0.4
0.48 0.38
< 0.46 < 036
IS €
o L —
S 044 5 0.34
O O
0.42 0.32
0.4 0.3
-40 -20 0 20 40 60 80 100 -40 -20 0 20 40 60 80 100
Temperature [*C] Temperature [°C]
OC#Deglitch time OC# Output Low Voltage
14 0.4
0.35
12 0.3
@ 10 > 02>
= g 02
) 8
E 8 50.15
[ >
0.1
6
0.05 e
4 0
-40 -20 0 20 40 60 80 100 -40  -20 0 20 40 60 80 100
Temperature [°C] Temperature [*C]
OC# Off State Current VOUT Shutdown Current
1
5
0.8 4
5 o6 % 3
g 2
£ 0.4 g 5
3 3
0.2 1 ‘/
0 0
-40 -20 0 20 40 60 80 100 -40 -20 0 20 40 60 80 100
Temperature [°C] Temperature [*C]
Under-voltage Lockout Hysteresis
0.2
0.18
0.16
0.14
> 0.12
g 01
8
E 0.08
0.06
0.04
0.02
0

-40 -20 0 20 40 60 80
Temperature [C]

100
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Typical Performance Characteristics

Over Current Trip Threshold

0.5
0.48
< 0.46
IS
o
£ 044
O
0.42
0.4
-40 -20 0 20 40 60 80 100
Temperature [*C]
OC#Deglitch time
14
12
% 10
E
[0}
£ 8
'_
6
4
-40 -20 0 20 40 60 80 100
Temperature [°C]
OC# Off State Current
1
0.8
S o6
5
& 04
3
O
0.2
0
-40 -20 0 20 40 60 80 100
Temperature [°C]
Output Reverse Current Threshold
0.4
0.35

0.3

Current [A]
o
N
(9]

0.15

0.1
-40  -20 0 20 40 60 80 100

Temperature [C]

(Ta=25%C, VIN = 5V, VEN = 5 V unless otherwise specified)
Short Circuit Output Current

0.4
0.38
< 0.36
o
C
L -
5 0.34
O
0.32
0.3
40 -20 O 20 40 60 80 100
Temperature [°C]
OC# Output Low Voltage
0.4
0.35
0.3
= 0.25
v 0.2
8
©0.15
>
0.1
0.05 e
0
-40 -20 0 20 40 60 80 100
Temperature [C]
VOUT Shutdown Current
5
4
<
2 3
=
(9]
E 2
3
O
1 _/
0
-40 -20 0 20 40 60 80 100
Temperature [C]
Output Reverse Current Deglitch Time
8
7
6
D 5 —
£
= 4
g
= 3
2
1
0

-40  -20 0 20 40 60 80 100

Temperature [C]
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Typical Performance Characteristics (Ta=25%C, VIN = 5V, VEN = 5 V unless otherwise specified)

Turn-ON Time Turn-OFF Time
1.2 0.5
1 0.4
_ 0.8
: —  E®
— 0.6 — '
[0} ()
£ £ 02 \
F 04 =
0.2 0.1
0 0
-40 -20 0 20 40 60 80 100 -40 -20 0 20 40 60 80 100
Temperature [C] Temperature [*C]
Output Rise Time Output Fall Time
1.2 0.4
1 0.35
0.3
0.8
= & 0.25
IS = \
= 0.6 = 0.2
g g
= = 0.15
0.1
0.2
0.05
0 0
-40 -20 0 20 40 60 80 100 -40 -20 0 20 40 60 80 100
Temperature [C] Temperature [C]
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Disclaimers

Disclaimers (Handling Precautions)

1. All the information described herein (product data, specifications, figures, tables, programs, algorithms and
application circuit examples, etc.) is current as of publishing date of this document and is subject to change
without notice.

2. The circuit examples and the usages described herein are for reference only, and do not guarantee the success
of any specific mass-production design.

MITSUMI ELECTRIC CO., LTD. is not liable for any losses, damages, claims or demands caused by the reasons
other than the products described herein (hereinafter "the products") or infringement of third-party intellectual
property right and any other right due to the use of the information described herein.

3. MITSUMI ELECTRIC CO., LTD. is not liable for any losses, damages, claims or demands caused by the incorrect
information described herein.

4. Be careful to use the products within their ranges described herein. Pay special attention for use to the absolute
maximum ratings, operation voltage range and electrical characteristics, etc.

MITSUMI ELECTRIC CO., LTD. is not liable for any losses, damages, claims or demands caused by failures and /
or accidents, etc. due to the use of the products outside their specified ranges.

5. Before using the products, confirm their applications, and the laws and regulations of the region or country
where they are used and verify suitability, safety and other factors for the intended use.

6. When exporting the products, comply with the Foreign Exchange and Foreign Trade Act and all other export-
related laws, and follow the required procedures.

7. The products are strictly prohibited from using, providing or exporting for the purposes of the development of
weapons of mass destruction or military use. MITSUMI ELECTRIC CO., LTD. is not liable for any losses,
damages, claims or demands caused by any provision or export to the person or entity who intends to develop,
manufacture, use or store nuclear, biological or chemical weapons or missiles, or use any other military
purposes.

8. The products are not designed to be used as part of any device or equipment that may affect the human body,
human life, or assets (such as medical equipment, disaster prevention systems, security systems, combustion
control systems, infrastructure control systems, vehicle equipment, traffic systems, in-vehicle equipment,
aviation equipment, aerospace equipment, and nuclear-related equipment), excluding when specified for in-
vehicle use or other uses by MITSUMI ELECTRIC CO., LTD. Do not apply the products to the above listed
devices and equipment.

MITSUMI ELECTRIC CO., LTD. is not liable for any losses, damages, claims or demands caused by unauthorized
or unspecified use of the products.

9. In general, semiconductor products may fail or malfunction with some probability. The user of the products
should therefore take responsibility to give thorough consideration to safety design including redundancy, fire
spread prevention measures, and malfunction prevention to prevent accidents causing injury or death, fires and
social damage, etc. that may ensue from the products' failure or malfunction.

The entire system in which the products are used must be sufficiently evaluated and judged whether the
products are allowed to apply for the system on customer's own responsibility.

10. The products are not designed to be radiation-proof. The necessary radiation measures should be taken in the
product design by the customer depending on the intended use.

11. The products do not affect human health under normal use. However, they contain chemical substances and
heavy metals and should therefore not be put in the mouth. The fracture surfaces of wafers and chips may be
sharp. Be careful when handling these with the bare hands to prevent injuries, etc.

12. When disposing of the products, comply with the laws and ordinances of the country or region where they are
used.

13. The information described herein contains copyright information and know-how of MITSUMI ELECTRIC CO.,
LTD. The information described herein does not convey any license under any intellectual property rights or any
other rights belonging to MITSUMI ELECTRIC CO., LTD. or a third party. Reproduction or copying of the
information from this document or any part of this document described herein for the purpose of disclosing it to
a third-party is strictly prohibited without the express permission of MITSUMI ELECTRIC CO., LTD.

14. For more details on the information described herein or any other questions, please contact MITSUMI
ELECTRIC CO., LTD.'s sales representative.

15. This Disclaimers have been delivered in a text using the Japanese language, which text, despite any
translations into the English language and the Chinese language, shall be controlling.
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