MITSUMI

1000mA LDO with Over current detection / OCP auto-retry

MM4051 Series

Overview

This IC is a 1A LDO with Over current detection and OCP auto-retry function. The over current detection function
can set threshold current by the external resister Rsc and output an error flag when the load current over the
threshold current.The OCP auto-retry function enables overcurrent protection to operate intermittently, greatly
reducing heat generation during overcurrent.

= Qver current detection
= OCP auto-retry

m Soft start
= Maximum rating supply voltage : -0.3Vto 7.0V
= QOperating voltage range : 2.0V to 6.5V
= Operating ambient temperature : -40%C to 105C
= Qutput current : 1000mA (2.0V=Vour(Typ.))
500mA (Vour(Typ.)<2.0V)
= Input current (OFF) : Typ. 0.1uA
= No-load input current : Typ. 130uA
= Qutput voltage range : 1.0V ~ 5.0V (0.1V step)
= Qutput voltage accuracy : £1% (1.5V=Voyur(Typ.), Iout=10mA)
+15mV (Vour(Typ.)<1.5V, Ioyr=10mA)
= Line regulation : Typ. 0.05%/V (2.0V=Voyr(Typ.), Vop=Vour(Typ.)+0.5V to 6.5V)
Typ. 0.05%/V (Vour(Typ.)<2.0V, Vpp=2.5V to 6.5V)
= Load regulation : Typ. 25mV (2.0V=Vou(Typ.), Iout=1mA to 1000mA)
Typ. 12mV (Vour(Typ.)<2.0V, Igyr=1mA to 500mA)
= Dropout voltage : Typ. 0.46V (Ioy1=1000mMA, Vour(Typ.)=3V)
= PSRR : Typ. 70dB (Vour(Typ.) <1.5V, f=1kHz)
Typ. 65dB (1.5V=Vyy(Typ.) <3.4V, f=1kHz)
Typ. 60dB (3.4V=Vy1(Typ.)<5.0V, f=1kHz)
®m Qutput rise time : Typ. 1.5ms (Cs=0.01uF, 1.5V=Vy(Typ.))
= Qver current detection accuracy 1 £23% (Vpp=6V, )
= Qutput capacitor . 1.0uF (Ceramic capacitor)
= Protection function . Over current protection (auto-retry), Thermal shutdown
= Additional function . Over current detection, ON/OFF control, Auto discharge
= HSOP-8E = Audio visual equipment

= Photographing / Imaging device
= Office equipment / Printer

= Home appliance equipment

= In-vehicle infotainment device
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MITSUMI

Model Name

M M 4 0 5

1 X

X X X X X

e 44

Series name (A) (B) (C©) (D) (E)

(A) [Function Type F |Au wire typ (HSOP-8E)
10
Output voltage can be designated in the range from

B I k
(B) |Output voltage ran 520 1.0V(10) to 5.0V(50) in 0.1V steps.
(C) |Package H [HSOP-8E
(D) |Packing specifications 1 B |B housing (Standard)
(E) |Packing specifications 2 E |Emboss tape / Halogen free

Block Diagram
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MITSUMI

Pin Configuration

= HSOP-8E

Pin No. [ Pin name Function
8 7 6 5
1 Vout Output voltage
2 Roc Over current detection resistance pin
*Notel
3 Cs Soft start pin
Must be connect capacitor to soft start pin.
4 GND  |GND pin
1 2 3 4
Top view 5 CE ON/OFF-controI p.|n . N
Connect CE pin with VDD pin, when it is not used.
6 C Auto retry setting pin
AR Must be connect capacitor to auto retry setting pin.
7 Err_oc [Over current detection output pin
8 Vop Power-supply input pin

*Notel:Heat spreader bottom with GND.
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MITSUMI

Absolute Maximum Ratings

Item Symbol Min. Max. Unit
Storage temperature Tstg -55 150 °C
Junction temperature Timax - 150 C
Supply voltage Voo -0.3 7 V
CE input voltage Ve -0.3 7 V
Output voltage Vout -0.3 Vpp+0.3V V
Err_oc pin voltage Verr_oc -0.3 7 \Y,
Err_oc pin current Ierr_oc - 10 mA
Output current Tomax - 1.2 A
Power dissipation *Note2 *Note3 Pd - 3500 mw

*Note2:JEDEC51-7 standard 114.3mmx76.2mm t=1.6mm

*Note3:In consideration of product life, please examine the use in less than 80%.

Recommended Operating Conditions

Item Symbol Min. Max. Unit
Operating ambient temperature Topr -40 105 C
Operating voltage Vop 2.0 6.5 Vv
Output current Tout 0 1.0 A

Electrical Characteristics

(Vop=Vour(Typ.)+1V, Vee=Vpp, Ta=25%C, unless otherwise specified)

Item Symbol Conditions Min. Typ- Max. Unit
Input current(OFF V=0V
P (OFF) Iooor | o - 0.1 1.0 HA
No-load input current Iour=0mA
g I, |7 - 130 | 200 | pA
Output voltagel Iour=10mA, 1.5V=Vou(Typ.
p 9 our=10 5 out(Typ.) %0.99 _ x1.01
Vout1 \%
Iout=10mMA, V Typ.)<1.5V
ouT out(Typ.) -0.015 _ 0.015
Output voltage2 Iout=10mA, 1.5V=Vour(Typ.
p g out out(Typ.) %0.965 _ %1.035
*Note4 Ta=-40C~105C
Vour o omA, v (Typ.)<1.5V v
ouT + Yourtlyp-J<t- 006 | - | +0.06
Ta=-40C~105C
Line regulation Vour(Typ.)+0.5VsVpp=6.5V
Iour=10mA, 2.0V=Vour(Typ.
Vie 22X our(TYP-) - | o005 | 020 | %V
2,5V=Vpp<6.5V
IOUT=10mA, VOUT(Typ')<2'0V
L lati 1mMA=Ioyr=1000mA
oad regulation ouT - 25 70 mV
v 2.0V=Vour(Typ.)
A T mASIours500mA
—our= - 12 35 mv
Vour(Typ.)<2.0V
Dropout voltage Vio Please refer to another page. ) ) ) Vv

*Note4:The parameter is guaranteed by design.

Feb, 2025 Rev.0




MITSUMI

Electrical Characteristics

(Vop=Vour(Typ.)+1V, Vee=Vpp, Ta=25%C, unless otherwise specified)

Item Symbol Conditions Min. Typ- Max. Unit
Ripple rejection f=1kHz, Vripple=0.5V, Ioyr=10mA 70
*Note4 VDD=2.5V, Vour(Typ.)<1.5V
f=1kHz, Vripple=0.5V, Io,r=10mA
RR Z VTIPP out - 65 - dB
1.5V=Vour(Typ.)<3.4V
f=1kHz, Vripple=0.5V, Ioyr=10mA 60
3.4V=Vqyr(Typ.)<5.0V
Vout temperature coefficient AV Iout=10mA
out p out  |lour - +140 - ppm/C
*Note4 /4Top  |-40=Top=85<C
Output short-circuit current Vour=0V
P zog\T/sv Typ) 1.0 1.8 - A
Ishort V. __0\(;UT YP-
our 0.5 1.0 - A
Vour(Typ.)<2.0V
Thermal shutdown Iout=10mA
Teo out - 165 - T
detect temperature *Note4
Thermal shutdown Iout=10mA
Ter out - 145 - C
release temperature *Note4
Output rise time Vour<1.6V, Cs=0.01pF 20
*Note4 '
tr ms
1'6V§VOUTI CS=001|JF
- 1.5 -
CE high threshold voltage
Veen 1.2 - 6.5 \%
CE low threshold voltage
Vel 0 - 0.4 \%
CE pin current Vee=2.0V
p Iee CE - 0.2 - HA
Output NMOS ON resistance V=0V, Vpp=4V
RDON = 10 = Q
*Note4

*Note4:The parameter is guaranteed by design.
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MITSUMI

Electrical Characteristics

(Vop=Vour(Typ.)+1V, Vee=Vpp, Ta=25%C, unless otherwise specified)

Item Symbol Conditions Min. Typ- Max. Unit
ROC pin current Vpp=6V, 2.0V=Vy(typ.
p DD out(typ.) 136 160 184 UA
I IOUT= 1A, VROC=1'2V
oC
Vpp=3.3V, Vour(typ.) <2.0V
DD out(typ.) 68 80 92 UA
IOUT=500mA, VROC=1'2V
ROC threshold voltage H Vpp=6V
: volag Vth_oc H | P 110 | 120 | 130 | v
ROC threshold voltage L Vpp=6V
volag Vth_oc L | 2 105 | 114 | 123 | v
Err_oc output volt Vwroc=H
- utput voltage Verr_oc Roc - - 0.2 \%
Ierr_oc=100pA
CAR pin current(charge Vpp=6V, Vgoc=L
p (charge) larl DD ROC _ 35 _ uA
* NOte4 VCAR= 1 . OV
CAR pin current(discharge Vpp=6V, Vroc=H
p ( ge) lar2 DD ROC _ 0.11 _ UA
*NOte4 VCAR=O'3V
CAR threshold voltage 1 Vpp=6V, Vcar=L > H
9 Vth_arl | P cAR 088 | 1.00 | 1.12 | v
Vour=H—-L
AR threshol It 2 Vpp=6V, Vcar=H — L
C reshold voltage Vth_ar2 |Vo° 6V, Vear ) 0.30 ) v
Vour=L—H
CAR threshold voltage 3 Vpp=6V, Vcar=H = L
: voltad Vth_ar3 | 2P cAR - 0.21 - v
Err_oc=L—H

*Note4:The parameter is guaranteed by design.
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MITSUMI

Electrical Characteristics

(Vop=Vour(Typ.)+1V, Vee=Vpp, Ta=25%C, unless otherwise specified)

Item
I Output voltage Dropout voltage
Vour (V) Vio (mV)

Conditions Min. Typ. Max. Conditions Min. Typ. Max.
MM4051F10 |[Ioyr=10mA 0.985 | 1.000 [ 1.015 [Ioyr=0.5mA,
MM4051F11 1.085 | 1.100 | 1.115 |Vour(typ.)<2.0V
MM4051F12 1.185 | 1.200 | 1.215 [*Note5 - 0.80 | 1.00
MM4051F13 1.285 | 1.300 | 1.315
MM4051F14 1.385 | 1.400 | 1.415
MM4051F15 1.485 | 1.500 | 1.515
MM4051F16 1.584 | 1.600 | 1.616
MM4051F17 1.683 | 1.700 | 1.717 - 0.70 | 0.90
MM4051F18 1.782 | 1.800 | 1.818
MM4051F19 1.881 | 1.900 | 1.919
MM4051F20 1.980 | 2.000 | 2.020 |Igur=1A,
MM4051F21 2.079 | 2.100 | 2.121 [2.0V=Vour(Typ.)
MM4051F22 2.178 | 2.200 | 2.222 [Voo=Vour(Typ.)-0.2V
MM4051F23 2.277 | 2.300 | 2.323 - 0.70 | 0.90
MM4051F24 2.376 | 2.400 | 2.424
MM4051F25 2.475 | 2.500 | 2.525
MM4051F26 2.574 | 2.600 | 2.626
MM4051F27 2.673 | 2.700 | 2.727
MM4051F28 2.772 | 2.800 | 2.828
MM4051F29 2.871 | 2.900 | 2.929
MM4051F30 2.970 | 3.000 | 3.030
MM4051F31 3.069 | 3.100 | 3.131
MM4051F32 3.168 | 3.200 | 3.232
MM4051F33 3.267 | 3.300 | 3.333
MM4051F34 3.366 | 3.400 | 3.434
MM4051F35 3.465 | 3.500 | 3.535
MM4051F36 3.564 | 3.600 | 3.636
MM4051F37 3.663 | 3.700 | 3.737
MM4051F38 3.762 | 3.800 | 3.838 i 046 | 070
MM4051F39 3.861 | 3.900 | 3.939
MM4051F40 3.960 | 4.000 | 4.040
MM4051F41 4.059 | 4.100 | 4.141
MM4051F42 4.158 | 4.200 | 4.242
MM4051F43 4.257 | 4.300 | 4.343
MM4051F44 4.356 | 4.400 | 4.444
MM4051F45 4.455 | 4.500 | 4.545
MM4051F46 4.554 | 4.600 | 4.646
MM4051F47 4.653 | 4.700 | 4.747
MM4051F48 4.752 | 4.800 | 4.848
MM4051F49 4.851 | 4.900 | 4.949
MM4051F50 4,950 | 5.000 | 5.050

*Note5:Dropout voltage maximum value in the input and it is confirmed that there is no output abnormal voltage
impression the 500mA in the model less than VOUT(typ.)=2.0V.
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MITSUMI

—

Test Circuit
1uF 1uF
g@f Vbp Vour
r r 7
£1° “TF
Err_oc ®
O,
GND Car —®%

Application Circuit

1uF 1uF

ﬁ Vobp Vout To Load

7¥_ Cin g; 97—_ Cout

From ccu>—— CE
i Roc =1 pec o
%7— *Notes = Rpu_oc
Err_oc To U

747_— GND CAR —1_Car

(Reference example of external parts)

Output capacitor Cout
Input capacitor Cin
Soft start capacitor Cs

Ceramic capacitor 1.0pF
Ceramic capacitor 1.0pF
Ceramic capacitor 0.01pF

m  Auto retry capacitor Car Ceramic capacitor 0.01pF
= Err_oc pullup resistance Rpu_oc 100kQ
*Note6:Refer to Featsure description for Roc settings.

= In the event a problem which may affect industrial property or any other rights of
us or a third party is encountered during the use of information described
in these circuit, we shall not be liable for any such problem, nor grant a license therefore.
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Timing Chart

= QOver current detect ~ Over current protection ~ Auto retry function

V |
oD (I | |
[ | !
¥ T
L | ] !
CE [ | |
(I | |
1 I |
| | |
Cs / (I |
1 ]
[ | ;
Vour (I |
(I |
SEER | __ I O S A -
/Current limit | | | |
®’HEER [ — o __ R
/Detect current I I
EREBR —-——— | - |
/Steady current
lour I |
[

|
Vthoe - p————-——————— |~_—<|» ———————— —_———t-—————- -
Voo / I [
[ |
L ol A B Sy O 2 U
|

Vear Detect del Detect del
Vth_ar L1 ________ife_n_fa_y _ _f_eiicifa_y' [ BEREE NG/ N ____
r 1 | /Release
Vtharl2 — 4+ ——————————— o R -+ delay — —— 1N - ——————
|| | ' '
v 1 | |
err_oc Lo | I .
— i :
k N
e k ‘ >
BEFRE AEFRRE
/Over current state /Over current state
Table 1 shows the function of VOUT and Err_oc by CAR threshold voltage.
Table 1. Vour and Err_oc function by Vth_ar_H, L1, L2
Vout Err_oc
Car threshold voltage H/ Vth_ar_H Enable — Disable High — Low
Car threshold voltage L1/ Vth_ar_L1 (at Vear=H—L) | Disable — Enable Keep
Car threshold voltage L2/ Vth_ar_L2 (at Vear=H—L) Keep Low — High
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Timing Chart

= About over current detection
The detection current is set by over current detection resistance Roc.
Over current protection(OCP) turns on after detect delay.
When OCP turns on, VOUT turns off and Verr_oc turns low.

BE BERE
/Over current detection /Over current protection

|
[ |
Vour I [
[ |
[ I
wRER _[____ L4 I .
/Current limit
BREBR _| ____ - ____
/Detedt curent
EEER  _ 1
St it
[Seady curen R T N T
Tour o 7 jpetectdelay | Detect delay
T I
Vth_ar H-T———— F-t-------- T AN
| | |
Car yd! | |
1 | I
L1 | !
|
Verr_oc | : : R
T 1 I
K —
/Over current state /Over current state

m In case of VOUT is GND short mode
In case of short mode, output current is clamped by current limit and VOUT drops.
During the detect delay, output current flows to the current limit.
Over current protection(OCP) turns on after detect delay.
When OCP turns on, VOUT turns off and Verr_oc turns low.

BE R BE RRE
/Over current detection ~ /Over curent protection
|
Vour |
_— ]
HRET bl ! !
[Current limit — - — — — — =t — — — — — — — — [r—— = — — — — — —-
BHEER | - - - NG ) R
/Detedt curent
EEER  _ _
/Steady cument | | R | —
IOUT f /Detedt delay /Detedt delay
1 I
Vth_ar H-T———— F-t--——---- Tt AN
| | |
Car 1/ | |
T 1 S I
L1 l
Verr_oc L ' et
- (I |
T I
K k—>
/Over current state /Over current state
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Timing Chart

= About auto retry function
Auto retry function suppresses power consumption at abnormal occurs.
This function reduces the heat generated by power consumption.
(1) When OCP turns on, VOUT turns off and IOUT is zero (VCAR>Vth_ar_H).
(2) VOUT is auto recover after release delay (VCAR<Vth_ar_L1).
(3) When an over current state continues at the recover of the voltage, VOUT is off again.
Repeat movement from (1) to (3) until over current state is removed.
While over current protection works, Verr_oc is fixed to low.
(4) Verr_oc returns to high from low when VCAR higher than Vth_oc.

Vth_ar H —

6 @ © @
| | i i i ' |
Il | VIRRE—k |
N ! /Soft start ]
Vour | | \ | |
| | | !
HIRRE
[Currentlimi [~ I—____: ________ :_____: _______________________________ _I ______ : _____
BHETR _l— ! ! ! | :
/Detect curent- \—f—— 9 -
EHBR 1 !
/Steady curent ! | :
out 1 |
|
_|
|

Vth_ar_L2 —

Verr_oc Rt

|_
|_
|
|
|
|
|

BEFRE
/Over current state
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Feature Description

1. Each terminal output when detecting it abnormally, will be the following tablel.

Table 1 Each terminal output

Abnormal state
Pin Normal
Short TSD
LDO output Enabled Disable Disable
Err_oc High Low Low

2. The setting of the over current detection resistance can calculate in formula (1).

Roc=Vth_oc+Ioc <++(1)

Roc : Over current detect resistance
Vth_oc : Ry threshold voltage

IOC . ROC pln current

Refer to table 2 for Vth_oc.

Table 2 Specification of Vth_oc

PARAMETER SYMBOL| CONDITIONS MIN. TYP. MAX. |UNIT

Roc threshold voltage Vth_oc |Vpp=6V 1.10 1.20 1.30 \%

Refer to figure 1 for Igc.

Condition:VDD=6V, VOUT=3.3V, Ta=25C

200 Example>

E In case of setting overcurrent

3 150 detection at 500mA.

£ 100 Vth_oc = 1.2V(typ.) from table 2.

§ o Toc = 80pA at Toyr=500mA from fig-1.
o

S 0

Roc=15kQ by formula (1).
Roc=Vth_oc+Ioc

=1.2V+80uUA
figure 1 Output current vs Roc pin current =15kQ

0 100 200 300 400 500 600 700 800 9001000
Output current [mA]

12
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MITSUMI

10.
11.

12.

13.

. There is a possibility with deterioration and destruction of IC when using it exceeding the absolute maximum rating.

The absolute maximum rating , Never exceed it. The functional operation is not assured.

. There is a possibility that it becomes impossible to maintain this performance and reliability IC original

when using it exceeding recommended operation voltage. Please use it in recommended operation voltage.

. Due to restrictions on the package power dissipation, the output current value

may not be satisfied. Attention should be paid to the power dissipation of the package
when the output current is large or the voltage between Input and Output is high.

. The output capacitor is required between output and GND to prevent oscillation.

. The ESR of capacitor must be defined in ESR stability area.

It is possible to use a ceramic capacitor without ESR resistance for output capacitor.

. The capacitor has dependency by the supply voltage and temperature.

It is able to unstable operation when you use the capacitor with intense capacitance change such as micro.
Please use the effective capacity to exceed 1.0uF, because the value changes by the environment used.

. The wire of VDD and GND is required to print full ground plane for noise and stability.

. The input capacitor must be connected a distance of less than 1cm from VDD pin.

. In case the output voltage is above the input voltage, the overcurrent flow by internal parasitic

diode from output to input. In such application, the external bypass diode must be connected
between output and input pin.

Schottky barrier diode
1

N
T VDD VOUT T
& & as
CE GND Cs —
1 _

Please connect the soft-start capacitor(Cs) more than 0.001pF with the Cs pin.

Please set Cout and Cs that the peak of rush current is not over a recommended range of IOUT.

When rush current exceeds current limit characteristics, it is restricted with the current limit set up
with the IC, an output rise time is uncontrollable by soft-start capacitor.

When VDD rise time is longer than Vout soft start time, the output voltage may happen
than the setting voltage without a soft start function working normally.

Please set to soft-start capacitor for the VDD rise time in the slash area shown in Figl.
Please choose to a capacitor in consideration of the dispersion .

Refer to Fig2 for a measurement circuit.
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14.
15.

16.
17.

18.

19.

Condition : VDD=VOUT(typ.)+1V. CE=VDD, Ta=-40C~85C

100 ¢
VDD
,g 10 -t~ | | _ _ ________ VOUT
m F 90% |
g |
3 '
5 1 |
> |
10% | :
-—
0.001 s ftoéoit Capacit O'Cl : 1 * Vpp rise time (t) of Vpp is judged
Ort-sta apacitor, Cs |u . . .
P [uF] in time (10%-90%) until Vpp

|1 Soft-start capacitor vs VDD rise time reaches Vour setting voltage.

1uF 1pF
Voo Vour ?’

il il

[edn] 0.001uF

7}7 ; ~1pF

]2 Test circuit

When it starts in the state that the voltage remains on the Cs pin, normally cannot start.
VOUT may be overshoot.

Please do not give the voltage to the Cs pin.
When the voltage is applied to the Cs pin, a leak current flows in VOUT pin.

Please connect the auto-retry capacitor(Car) with the CAR pin.

Please connect the over current detection resistance with the ROC pin.

Please do not give the voltage to the ROC pin and CAR pin.
When the voltage is applied to the ROC pin or CAR pin, VOUT may not be output normally.

A rush current starting LDO occurs.

When the over current protection is turned on by a rush current, reduce a rush current to

the value that over current protection does not turn on by increase soft start capacitor.

Increase detect delay time by increasing auto-retry capacitor(Car), OCP function caused by

rush current can be masked. However, increasing detect delay time also increases

the release delay time of over current protection.

Please refer to 13-6.CAR pin characteristics for the relationship between Car and detect/release delay time.
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Condition : VDD=6V, CE=0V—1.2V, Ta=25%C, RL=3309, Cout=100uF, ROC=37.5kQ(OCP=200mA)

<Car=0.01pF (Detect delay time=300us)> <Car=0.1pF (Detect delay time=3ms)>
ERFARA B

/ OCP Detect Vour:1V/div

Vour:1V/div

F 1 . - rd

Ao / .
e ) IRHEE 1 ,/l< HRHSERE .
200mA ; Detect delay ! Detect delay

1
1
1
Lin:200mA/div | oo 1 Tin:200mA/div
1
! ‘

L Errfoc:SV/div i o S IR ’Errioésv/dl\“,’

Car setting is NG Car setting is OK

20. When the release delay time to set with Car is short, VOUT restart interval becomes shorter.
In the case, the thermal reduction effect caused by auto retry function may not be effective enough.

-Case of the release delay time is long, Tj average is low.

Tj-average - —————+ - — F—— -7 ——

T

heat ! heat
|generatio+ radiation

e

| |
T |
VOUT | | |
i) I : L
HIRER | T
[Currentlimt [~ | r¢|__7 ___________ T e Aty Rttt
|

-r——1-]

RUER I
/Detec cument-f — — ——— ¢ - —— b ——————— L e
RHER - K ! [<—
/Steady current RHBIE RIREE | RSB
Tour | /Detect del Y /Release delay Detect delay

/Over current state

\
]
]
]
]
]
]
]
]

_ o
\\

]
]
|
]
]
]
]

N 1 - _1 —_— b
]
]
]
]
]
]
i ]
=F |
- ]
1

-Case of the release delay time is short, Tj average is high.

/ o TSD
Tj(max.) — [ e L Ry - p. SR e (G 3 [,
Tj-average ~ :—— T I—— ' X 1 T~
W/ | | Pl [ o 1
! 1 1 | [ [ [ [ 1
1 [ [ [ | : : : : : | :
; SR E S - Do Lo [ [ |
T heat | 7" heat Lo . Do Lo o [ i
_| generation | radation | I I I [ 1 : : : : : :
1 | [ |
i P P Lo o Lo Coa
T | | | I | | | |
| 1 | | 1 1 V4
Vour I { / / / { / | |
| 1 |
I I T T I T
wEER | __ e [ [ D N o __ I T
/Current limit I' _: y ! T —: ‘I[ _: :_ _: _: r +|— _: :—l r
BB s | i | I T
/Detect cumrent- | — — — — — [ __ [Releasedelay/y _ __ /4 ____1 /) ____ J ______:_ _____ :_ _I___:_ _______
Rk ! ! I | | ' L
/Steady cumrent B IE ) )
Tour | /petect deidy | ! i
L I I i I o T |

| N
. BEFRARE '
/Over current state

21. It is possible to increase output voltage
if the condition is low output current(under 1mA) and high temperature.
The provision is to add load(over 1mA).
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22.

23.

24.

25.
26.
27.
28.

29.

When VDD stopping by the condition, Err_oc flag reacts.
This is influence of start up sequence of the inner circuit. It isn't an abnormal reaction.
If this is problem, please set that it will not be detected by microcomputer.

Condition : VDD=6V—>0V(S.R.=0.1V/ms), CE=VDD, RL=330Q, Ta=25TC

Vi 1V/div 20ms/div

Vour: 1V/div\

Err_oc:1V/div s
=

The slew rate of VDD is slower than 0.1V/ms , auto retry circuit may turns over on the condition
with less than 1.5V of VDD. When auto retry circuit turns over, Vcar rises, VOUT and Err_oc are off.
In this case start slew rate of VDD earlier than 0.1V/ms.

Condition : VDD=0V—6V(S.R.=0.1V/ms), CE=VDD, RL=330Q, Ta=85T

Mo s 1.5 W Zoms/diVS/d\\l
// oo 1V/div

Vour: 1V/div

AN Err_oc:1V/div

" 7“'*..\__ J Ven: 1V/div
Vi s

There is a possibility that IC generates heat when the output terminal is short-circuited.
However, the thermal shutdown circuit operates, and it will do operation that protects IC.

The thermal shutdown circuit is designed only to shut the IC off to prevent thermal runaway.
Do not continue to use the IC in an environment where the operation of this circuit is assumed.
The characteristic changes depending on the substrate condition. Please evaluate IC in the set.

It returns automatically in temperature returned after it thermal shut down by self-generation of heat.
After it returns, it shuts down again by self-generation of heat.
It is necessary to change the environment used (IC power consumption, temperature) if it operates in upper cycle.

The output voltage may not start up with thermal shut down detect mode when VDD turn on/turn off.

If negative voltage over maximum rating for VOUT,
Connected schottky barrier diode between VOUT-GND, and the voltage is in within rating.

This IC don't include to be protected for Battery short to VOUT.
Please use in maximum voltage.

It is possible to unstable when this IC is used in high electromagnetic field.
Please evaluate IC on the set.
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About Power dissipation

The Power dissipation change if board to mount IC change because radiative heat fix at board.
It is reference data below, Evaluate IC in the set.

= HSOP-8E
1. JEDEC51-7 standard (4 layer FR-4 PCB)

Board size 114.3mmx76.2mm t=1.6mm Copper foil area 80%
Power dissipation 3500mW Ta=25C

4000 r

3500

3000

N N
"1.JEDEC5117 Standard | ™N\_

my]
ul
o
o

£ - (4 layer) \
2000 | N
L \
% \\
8000
g \\
£500
o

O 1 1 1 1 1 n

0 25 50 75 100 125 150

Ambient temperature [*C]

It is recommended to layout the VIA for heat radiation in the GND pattern of reverse (of IC)
when there is the GND pattern in the inner layer (in using multiplayer substrate).
By increasing these copper foil pattern area of PCB, Power dissipation improves.
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Typical Performance Characteristics (Voyr=3.3V)
(Vop=Vour(Typ.)+1V, Vee=Vpp, Ta=25%C, unless otherwise specified)

Output voltage - Input voltage Input current - Input voltage
4.0 i i 600
3.5 - RL=3300 500 |
< 3.0 F g [
3 b /
= 4
g 25 \ g 00 /
e} £ r
3 20 RL|=11() 5300 |
E - E ' /
1.5 a
g RL=6.6Q £200
S et/
1.0 > [ ‘
w00 |
0.5 00 r
0.0 0 st
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6
Vpp input voltage [V] Vpp, input voltage [V]
Load regulation Line regulation . .. o
20 ; 10 ¢
10 8 F
0 X 6
=30 E oo
& a0 g 2 ¢
° 2 4 f
g 50 5 :
-60 6
-70 8
-10 PR PR
-80 3 4 5 6
0 200 400 600 800 1000 )
Output current [mA] Vop input voltage [V]
Dropout voltage Ripple rejection
0.8 0
0.7 -10 |
Ta$105°C -
=06 / -20 ==
2 pd T 30 /;'—{\
() —_ F
E 02 Ta=25°C y,/ s 0 RL=6.60 //,
S04 v 8 50 & -~
203 e //,/ - x’/
02 ’////‘/{ g 70 s—\?,_,.,,/
01 % Ta=-40°C 80 RL=330
: = 90 f RL=330Q . .
0 — E— E— . . E— -100 E 1 L ....I s .......l L .......l PSRRI
0 200 400 600 800 1000 0.01 01 1 10 100 1000
Output current [mA] Frequency [KHz]
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(Vop=Vour(Typ.)+1V, Vee=Vpp, Ta=25%C, unless otherwise specified)

Current limit ESR stability area Cout=1yF
4.0 I 1 10 ¢ l l
35 e Vo3V ; Unctat
[ nstable area
= RN )
o025 — E
E Vpp=4-0V Pl g : / / /
220 ; = r /
wn L
215 Vpp=3.8V a Stable area
5 0.1
10 i / =
0.5 : / //
0.0 0.01 y
0 500 1000 1500 2000 2500 0 200 400 600 800 1000
Output Current [mA] Output current [mA]
Output voltage - Temperature
3.50 T T T
3.45 RL=330Q
_.3.40
2
Q335
= -
S 3.30 ~
3325 _—
3 |
3.20 \1
3.15
3.10
50 -25 0 25 50 75 100 125 150 175
Temperature [°C]

m | oad transient response (Cin=Cout=1pF)

IOUT : 50mAS500mA

Main 2 1.25 W

20ps/div

Tour: 500mA/div

LSRR ]

IOUT : 50mA&1000mA
1 20ps/div

|  SNORNUUUR NSRRI |

[ T —— p—r -

Vour: 200mV/div

ot | ot
11 o

Vour: 200mV/div
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Typical Performance Characteristics (Voyr=3.3V)

(Vop=Vour(Typ.)+1V, Vee=Vpp, Ta=25%C, unless otherwise specified)

= CE rise characteristics1
(Vop=2V, Ve=0V—2V, Co=1F)

= CE rise characteristics2
(Vpp=2V, Ve=0V—2V, Co=10pF)

Won: 1.5 N . 500us/div
CE:5V/div 500ps/div

st Trrivydiv

Iy 20mA/div

Verr_oc:5V/div

T e Wi ' RO

L]

CE:5V/div

500ps/div

f T

e

Vour: 1V/div

Ty: 200mA/div

Verr_oc:5V/div

m Vgt discharge characteristics
(Vop=2V, Ve=2V—0V, Co=1pF)

= Vs discharge characteristics
(Vop=2V, Vce=2V—0V, Cs=0.01pF)

e s 1.25 W

20ps/div

1 CE:5V/div

T\

Vour: 1V/div

Verr_oc:5V/div

[TRET]

i g sy
RS S o ap i

Sps/div

CE:5V/div

Vcs: 1V/div

Verr_oc: 5V/div

m Rush Current characteristics
(Co: aluminum electrolytic capacitor *)

Rush current peak level

1000 Cout=47uF | L_ Cout=470uF

Cout=100p

100 &

Jf

Output voltage rise time [ms]

Rush current peak level [mA]

=10pF

10 —— ~
Cout=1pF

0.001 0.01 0.1

Soft-start capacitor, Cs [uF]

Output voltage rise time

100 ¢

10

0.1

0.001 0.01

Soft-start capacitor, Cs [uF]

0.1

* When use the aluminum electrolytic capacitor, connect seramic capacitor to parallel in consideration of ESR.
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(Vpp=6V, Vce=Vpp, Roc=1kQ, Car=0.01pF, Ta=25°C, unless otherwise specified)

Roc current - Output current Roc current - Temperature
200 200 - Vop=6V, Ioyr=1A
Vpp=4.3V E
180 DD \ 190
160 Z

—
Y
o

Vpp=6V ‘Z

< =3
= =4
8120 ,:,‘; 8170
£ 100 / £ 160
S / Vop=5V S
3 80 / 3 150
o 60 / 4 140

40 /,

20 130 |

0 120 b b b L L L
0 200 400 600 800 1000 -50 -25 0 25 50 75 100 125
Output current [mA] Temperature [°C]
B RocALYEA)LREFE
Output voltage - Ry input voltage Err_oc voltage - Ry input voltage
4 4
_3 _3
2 Vour=H->L = Err_oc=H->L
% A % 4
32 52
g 8
©1 1
Vour=LPH Err_oc=LpH
L 0
0.9 1.0 1.1 1.2 1.3 1.4 0.9 1.0 1.1 1.2 1.3 1.4
Roc input voltage [V] Roc input voltage [V]

Roc threshold voltage - Temperature

-50 -25 0 25 50 75 100 125
Temperature [°C]
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(Vpp=6V, Vce=Vpp, Roc=1kQ, Car=0.01pF, Ta=25°C, unless otherwise specified)

Output Voltage - C, input voltage

Err_oc voltage - C,g input voltage

4
=3 -
> _ -
= Vour=H->L %, Verr_ oc=H->L
| 3 |
g2 | 2
3 8,
3 L Vour=L=tH o Verr_loc=L>H
+ Vth_ar_L1 - Vth_ar_H ,7| Vth_ar[ L2 L+ |vth_ar_H
» [, » »
0
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Car input voltage [V] Car input voltage [V]
Vth_arl - Temperature Vth_ar2, Vth_ar3 - Temperature
1.2 0.40
0.35
1.1 -
Vth_ar_L1
E 0.30 ==
> Vth_ar_H c‘SI
~— K
S 1.0 £ 025
g =}
= ;I 0.20
0.9 > Vth_ar_L2
0.15
0.8 0.10 Lol
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Temperature [°C] Temperature [°C]
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Typical Performance Characteristics (Car pin characteristics)
(Vpp=6V, Vce=Vpp, Roc=1kQ, Car=0.01pF, Ta=25%C, unless otherwise specified)

Cyug pin current (Charge) Car pin current (Discharge)

38 ¢ 0.20
37 F =
E- 3
236 | 2 0.15
[9) £ S
g3 | 5
= L Q
S34 L A
Tk So.10
o 33 [ = r
£ : 5 [
832 E [
By f £ 005

Ed F Iy
30 S (

29 € 0.00

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Car pin voltage [V] Car Pin voltage [V]
Detect delay time Release delay time
10 1000

T E
2 1k E 100 £
= x
g _
) e
g 3
% 0.1 f 8 10
[a &

0.01 L 1 b e

0.001 0.01 0.1 0.001 0.01 0.1
Car [uF] Car [uF]
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Typical Performance Characteristics (OCP Auto-retry function)
(Vpp=6V, Vce=Vpp, Roc=1kQ, Car=0.01pF, Ta=25°C, unless otherwise specified)

= | oad transient response

OCP detect

OCP=500mA at Roc=15kQ,
Ioy1=0MA—>800mA (RL=0OPEN—4.1Q),
Err_oc=Pull up to 3.3V with 100kQ

OCP release

OCP=500mA at Roc=15kQ,
Ioyr=800mMA—0mA (RL=4.1Q—0PEN),
Err_oc=Pull up to 3.3V with 100kQ

S 200ps/div kL 20ms/div
—————— -‘}———- ocp —f=====---—4---- OcP
Tour: 500mA/div “ W ‘ Ioyr: 500mA/div
i i EL—>E Release
: o B s :
—»———ie— Detect delay i ; '
Vgyr: 2V/div ! ! Detect delay —1 < ! Vigyr: 2V/div

b i ‘ Vour=Disable ‘\ ifk i
o Verr_oc:5V/div ! - d i g Verr_oc:5V/div
) 1 " H

' Over current state "
= Turn on transient response
Normal current state Over current state
OCP=500mA at Roc=15kQ, OCP=500mA at Roc=15kQ,
Ioy1=400mA (RL=8.2Q), Ioy1=600mMA (RL=5.5Q),
Err_oc=Pull up to 3.3V with 100kQ Err_oc=Pull up to 3.3V with 100kQ

[TREL] 1ms/div Wi 3 1.5 W ms/div
T|CE: 5V/div 1| CE:5V/div
T _—
/ff’_ 1ms/div

Vour:2V/ dj:/"'///

R

(;,
Loyr: 200mA/div

Verr_oc:5V/div

Verr_oc:5V/div ‘
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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.

Disclaimers - Ver.1.00



