MITSUMI

AC-DC Flyback PWM Control IC with Built-in High Voltage Regulator

MM3665 Series

The MM3665 is the current mode flyback PWM control IC developed for quick charge adapters such as USB-PD.
The change in the auxiliary winding voltage of the transformer due to the change in the VBUS voltage of the USB-
PD adapter is absorbed by the built-in regulator, and the power supply voltage is held constant. This doesn't
require an external voltage regulator circuit.

In addition, you can correct and adjust the change of over current protective operation load current due to change
of VBUS voltage by external resistor.

The IC can substantially reduce standby power by the start up circuit using the 740V high breakdown process and
optimization of supply current. It operates PWM fixed frequency at heavy load, it operates bottom turn on by quasi
resonant and the frequency is reduced by bottom skip at middle to light loads that minimizes power loss for each
load condition and improves average efficiency.

Others, frequency jittering function, X capacitor discharge function make the measures of EMI easy. The IC which
has various protection functions can assist safety design of power supply.

Features

m The primary side control IC suitable for variable output voltage power supplies such as USB-PD compatible
AC adapters and printer power supplies

= 740V high breakdown voltage startup circuit reduces standby power

= No external regulator required due to built-in 140V breakdown voltage regulator

= Hybrid operation of fixed frequency and quasi-resonance achieves higher average efficiency and smaller transformer

= Built-in flexible over voltage protection function corresponded to output voltage

= Built-in over current protection function with flat characteristics regardless of AC input voltage

m The over current protection according to output voltage can be set by an external resistor

= Noise diffusion, downsize filter by frequency jitter function in all range

m X capacitor discharge function which don't increase standby power can make the measures of EMI easy

m Built-in AC input voltage brown-out function

m Built-in various protection functions and over temperature protection function

Main specifications

= HV Pin Input Voltage : 600V (Absolute max. 740V)

= AUXR Pin Input Voltage : 10V to 90V (Absolute max. 140V)
= Brown-In/Out Voltage : Typ. 72VAC/61VAC

= VDD Clamped Output Voltage : Typ. 12V

®m QOperating Current : Typ. 0.75mA in Latch 0.2mA

= Maximum Frequency : Typ. 66kHz

= SOP-10A m USB-PD Adaptor

®m Quick charge Adaptor
m The variable output voltage power supply
such as printer power supply
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Series Name (A) (B) (© (b)) (E)
(A) (B) Package : SOP-10A
Function Type (C) Type of Packing : F Housing
A Auto restart type in OLP and ROVP (D) Emboss Tape
(E) Halogen-free

B Latch type in OLP and ROVP
c Auto restart type in OLP

(ROVP is not equipped)
5 Latch type in over load protection OLP

(ROVP is not equipped)
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MITSUMI

Pin Configuration

m SOP-10A
HV NC VDD GATE GND im¥F No. | imF&AIR e
[1 1]
10 9 8 7 6 1 AUXR  [Built-in regulator input pin
) 2 LAT External latch input pin
o
1 2 3 4 5

LT OJ OJ OO od 3 CS Current sense pin

4 FB Feedback input pin

5 DMG Zero current detect pin
6 GND Ground pin

7 GATE |Output pin

8 VDD Power supply input pin
9 NC No connection

10 HV High voltage startup pin
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MITSUMI

Absolute Maximum Ratings

( TA=25°C, unless otherwise specified)

PARAMETER SYMBOL MIN. MAX. UNIT
Storage Temperature TsTG -40 150 °C
Operating Temperature ToPR -40 125 °C
HV Pin Voltage VHv -0.3 740 \Y%
AUXR Pin Voltage VAUXR -0.3 140 \Y
VDD Pin Voltage VDD -0.3 34 \Y%
LAT Pin Voltage VLAT -0.3 5.5 \%
CS Pin Voltage \Yes -0.3 5.5 \%
FB Pin Voltage VFB -0.3 5.5 \Y
DMG Pin Voltage *2 VDMG - 5.5 \Y%
DMG Pin Current *2 | IDMGSOURCE -2 - mA
GATE Pin Voltage VGATE -0.3 VDD v
Gate Pin Peak Current Lor 04 - A
ToL - 0.8 A

Power Dissipation (Alone) PpIc - 350 mw
Power Dissipation (on PWB) *3 PDPWB - 890 mw

NOTES

*2 Negative voltage on DMG pin is clamped about -0.6V because of ESD protection diode.
To avoid large current of the diode, adjust external resistors.

*3 Porws and 61A are influenced by design of PWB.
Power Dissipation (on PWB) is measured for the IC mounted on PWB :
57.3mm x 57.3mm, CEM-3, double layer,
thickness of the board = 1.0mm, Cu area ratio = 20%.
In this condition, thermal resistance from junction to ambient (63A) is 140°C/W.

Recommended Operating Conditions

PARAMETER SYMBOL MIN. MAX. UNIT
HV Pin Input Voltage VHvoP 115 600 \%
AUXR Pin Input Voltage VAUXROP 10 90 v
VDD Pin Input Voltage Vbbop 7.5 24 \%
HV Pin Connection Resistance RHv 2.2 22 kQ
X Capacitor Capacitance Cx 0.1 5 uF
AUXR Pin Capacitance CAUXR 2.2 100 uF
VDD Pin Capacitance CvDD 0.47 100 uF
GATE Pin Load Capacitance CL - 3000 pF
Operating Ambient Temperature Top -40 105 °C
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MITSUMI

Electrical Characteristics

(unless otherwise specified Ta=25°C, Viv=120V, Vobo=Vauxr=12V, Vre=2V, Vcs=1V, Vomc=1V)

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. |UNIT| *4
High Voltage Input Section (HV Pin)
HV Input Current In Operation
g THvi VH\(/)=p45?)V(j VDD=23V 10 16 27 | uA A
Startup HV Input Current vy i/nDsia;/up 4 6.1 9 Al A
Brown-In Voltage VBI VbD=23V 91 101 111 \% A
Brown-Out Voltage VBO 76 86 96 \% A
Brown-Out Detection Hysteresis Voltage VBOHYS - 15 - \% A
Brown-Out Detection Delay Time teo 40 60 80 ms A
AC Off Detection Voltage Ratio
AAcorr  |At peak of VHV=175V - 75 - % A
AC Off Detection Delay Time tACOFF 20 30 40 ms A
X-Capacitor Discharge Current Ixc VbD=19V 1.4 - - mA | A
Power Supply Input Section (VDD Pin)
Turn-On Operation Voltage VDDON 18.5 21 23.5 v A
Turn-Off Operation Voltage VDDOFF 6 6.5 7 v A
Operating Current Ipp1 CL=open 0.55 0.75 0.95 mA A
Operating Current in No Switching Ipp2 VFB=0V 0.25 0.35 0.48 mA A
Startup Charging Current IcH Vob=7V -8.9 -5.9 -3.6 mA A
Upper Limit Voltage in Latch VDDLATU  |In latch - 16 - Y A
Lower Limit Voltage in Latch VDDLATL  [In latch - 11 - v A
Discharging Current in Latch IopLAT {/r,;tl,ajg',w 0.12 02 0.28 A A
Charging Current in Latch ToHiaT {/r,;:,ajf/?DLATL 8.9 =9 36 A A
VDD Over Voltage Protection (OVP) Detection Voltage \/DDOVP 25 27 29 V A
VDD OVP Debounce Cycle  *5 NvDDOVP - 4 - cycle| -
Built-in Regulator Section (AUXR Pin, VDD Pin)
VDD Clamped Output Voltage VBULIM VAUXR=20V 10 116 155 v B
Ipb=-5mA
VDD Output Voltage Vopour  |VAUR=10V 7.3 7.8 9 v | B
Ipb=-1mA
AUXR Over Voltage Protection (OVP) Detection Voltage| ~ \/AUXROVP 115 127 139 \" A
AUXR OVP Debounce Cycle *5 NAUXROVP - 4 - cycle| -
Output Section (GATE Pin)
Low Level Output Voltage VoL IoL=100mA 0.5 1.2 2.2 Y C
High Level Output Voltage VOH IoH=-20mA 9.4 10.4 11.4 v C
Rise Time =
tRISE \C/;ATlEnzFi 0% 10 90% 150 210 270 | ns | D
el ime tFALL \C/;;TlenjéO% to 10% 20 40 0 s P
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MITSUMI

Electrical Characteristics

(unless otherwise specified Ta=25°C, Viv=120V, Vobo=Vauxr=12V, Vre=2V, Vcs=1V, Vomc=1V)

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. |UNIT| *4
Oscillator Section
Maximum Frequency FmAx VFB=2V 60 66 72 kHz | A
Minimum Frequency FMIN VFB=1V 20 22 24 kHz | A
VDD Coefficient of Frequency AFvDD  |VDD=10V to 24V -2 - 2 % A
Temperature Coefficient of Frequencyxg AFTEMP  |[TA=-40°C to 125 °C -5 - 5 % -
Frequency Jitter Ratio AFIR VFB=2V +3 +5.5 +8 % A
Maximum On Duty Cycle DMAX Vcs=0V 75 84 91 % A
Feedback Section (FB Pin)
FB Source Current IFB VFB=0V -200 -150 -100 uA A
Turn-Off Switching Voltage VFBOFF 0.42 0.5 0.58 \% A
Turn-Off Switching Hysteresis Voltage VFBHYS - 0.06 - \Y, A
Decrease in Frequency Entry Voltage| VFBENTRY |[freq < FMAX X 0.99 1.58 1.64 1.7 Vv A
Decrease in Frequency End Voltage VFBEND  [freq > FMIN X 1.01 1.13 1.19 1.25 \Y A
Over Load Protection (OLP) Detection Voltage VoLp 3.5 4 4.5 V A
OLP Delay Time toLp 190 250 310 ms A
Auto Restart Time tARS A,C rank only 1.5 2 2.5 s A
Current Sense Section (CS Pin)
Voltage Gain Avcs - 4.8 - V/V| A
GATE Turn-Off Delay Time x5 toFF - 200 - ns -
Minimum On Time 1 EMINT CfBeLS\‘ngstart and 400 600 800 | ns | A
Minimum On Time 2 vy |11 SOft start o 200 300 400 | ns | A

VFB > VOLP

Soft Start Time *5 tss - 4.8 - ms -
OCP Detection Voltage 1 Vocrt  |duty=0% 0.355 0.375 0.395 \Y% A
OCP Detection Voltage 2 Vocr2  |duty=45% 0.605 0.640 0.675 \% A
CS Latch-Off Voltage VCSLAT 1.1 1.2 1.3 \% A
CS Latch-Off Debounce Cycle*s NCSLAT - 4 - cycle| -
CS Source Current 1 Icsi VbmMG=0.7V, VFB=3V -55 -45 -35 uA A
CS Source Current 2 Ics2 VDMG=2.9V, VFB=3V - -0.8 - uA A
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MITSUMI

Electrical Characteristics

(unless otherwise specified Ta=25°C, Viv=120V, Vobo=Vauxr=12V, Vre=2V, Vcs=1V, Vomc=1V)

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. |UNIT| *4
Zero Current, Secondary Voltage Detection Section (DMG Pin)
Zero Current Detection (ZCD) Voltage Vzcbp 40 90 150 mV A
ZCD Hysteresis Voltage VzCDHYS - 80 - mv | A
GATE Turn-On Delay Time  *5 ton - 240 - ns -
ZCD Time-Out Entry Voltage V1O 0.4 0.5 0.6 \Y% A
ZCD Time-Out Hysteresis Voltage VTOHYS - 0.1 - \Y A
ZCD Time-Out tTo 5.5 8.5 11.5 us A
DMG Constant OVP Detection Voltage | VDMGOVP 3.2 3.4 3.6 \Y, A
DMG OVP Detection Blanking Time | tbMGBLANK |FB=2V 1.9 2.7 3.5 us A
DMG OVP Debounce Cycle  *5| Nbmcovp - 4 - cycle| -
DMG ROVP at Open Loop AVROVP xg A,B rank only 0.3 0.375 0.45 \Y% A
DMG ROVP Upper Limit at Open Loop| VRovPMAX | 7 A,B rank only 2.8 3 3.2 \% A
DMG ROVP Lower Limit at Open Loop | VROVPMIN xg A,B rank only 1.15 1.3 1.45 \Y, A
DMG ROVP Debounce Cycle

NRovP A,B rank only - 4 - cycle| -
at Open Loop *5
External Latch Section (LAT Pin)
LAT Source Current ILAT -36 -32 -28 UA A
External Latch-Off Voltage VLATEXT 0.32 0.36 0.4 \% A
External Latch-Off Debounce Cycles NLATEXT - 4 - cycle| -
LAT Pin Open Voltage VLATOPEN |LAT=open - 1.8 - \% E
Internal Temperture Protection Section
Over Temperture Protection (OTP) Threshold ~ *§ ToTtp - 150 - oC -
OTP Debounce Cycle *5 NoTp - 4 - cycle| -
NOTES

*4 Symbols for the test circuits.
*5 Guaranteed by design

*6 Tested with the following steps (a) to (d).

*7

*8

(@) VFB < VoLp, VDMG = 1.8V

(b) VrB > VoLpP

(c)  Increase VDMG

(d) For VDMG where stopped switching, AVrRovp = VDMG - 1.8V
Tested with the following steps (a) to (d).

(a) VrB < VoLp, VDMG = 2.8V

(b) VFB > VoLpP

(c)  Increase VDMG

(d) For VDMG where stopped switching, VrRoveMax = VDMG
Tested with the following steps (a) to (d).

(a) VFB < VoLp, VDMG = OV

(b) VrB > VoLp

(c)  Increase VDMG

(d) For VDMG where stopped switching, VRovPMIN = VDMG
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Test Circuits

TEST CIRCUIT A
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TEST CIRCUIT E
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MITSUMI

Timing Chart

X-Cap. Discharge
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Timing Chart

Current Mode Control
TEHHERE

Vout | Output vokage of power supply
0
BERENER
TouT OUtpUt current of pM
0
0
VTHCS ——A T A T A
Ves =VFB/AvCS o
o WA
0
VGATE
UL 1T ]

Soft Start

VTHCS

\/ —
. Ves 4/#/]/ [ _

el 110NN NNAL

i< tMIN2

Yo ]

aeass /|
VDD turn-on ' tss

Ramp Compensation

VFB/AVCS
Vrhes e/

Vcs

VGATE

on duty = 0% 45% 100%

11
Feb, 2022 Rev.0



MITSUMI =

Timing Chart

Over Current Protection (OCP)
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MITSUMI

Timing Chart

Quasi-Resonance Mode
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Timing Chart

DMG Constant Over Voltage Protection (OVP)
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When VRovP<VROVPMIN , protection threshold voltage is clamped to VROVPMIN .
When VRovP>VROVPMAX , protection threshold voltage is clamped to VROVPMAX .
In soft start, VRovp is not held.
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Timing Chart

External Latch
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Timing Chart

Over Load Protection and Auto Restart (A,C rank only)
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Typical Application Circuit
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Typical Performance Characteristics

(unless otherwise specified TA=25%C)

VHV vs. HV Input Current VHV vs. Startup HV Input Current (VDD=20V)
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Typical Performance Characteristics

(unless otherwise specified TA=25%C)

VDD vs. Discharging Current in Latch
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Typical Performance Characteristics

(unless otherwise specified TA=25%C)

VDD vs. Minimum Frequency

VFB vs. Switching Frequency

25 80
20
60
N 15 i~
< T
= = 40
£ 10 8
20
5
0 0
0 5 10 15 20 25 30 0 1 2 3 4
VoD [V] VFB [V]
On Duty Cycle vs. OCP Detection Voltage VDMG vs. CS Source Current
0.8 0
0.6
-20
s 3
~ 04 o
Q O
g —_
-40
0.2
0 -60

On Duty Cycle [%]

VFB vs. CS Source Current

0
VDMG=2.9V
-10
VbmG=2.1V
= -20
=A
3
-30 VbmG=1.4
-40
VomMG=0.7V
-50

VDMG [V]

VFB vs. DMG OVP Detection Blanking Time
3

2.5

1.5

toma [us]

0.5

0.5 1 1.5 2
VFB [V]

Feb, 2022 Rev.0

20



MITSUMI

Typical Performance Characteristics

(unless otherwise specified TA=25%C)

VDMG Before Open Loop (VDMG1) vs. DMG Relative Over Voltage Protection Detection Voltage (VROVP)
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Typical Performance Characteristics

TA vs. HV Input Current TA vs. Startup HV Input Current
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Typical Performance Characteristics

TA vs. Turn-On Operation Voltage TA vs. Turn-Off Operation Voltage
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Typical Performance Characteristics

Built-in Regulator Ta vs. VDD Clamped Output Voltage
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Typical Performance Characteristics

TA vs. Minimum Frequency
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Typical Performance Characteristics

TA vs. OLP Delay Time TA vs. Auto Restart Time
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Typical Performance Characteristics

TA vs. Soft Start Time

TA vs. OCP Detection Voltage 1
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Typical Performance Characteristics

TA vs. Zero Current Detection (ZCD) Voltage
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Typical Performance Characteristics

TA vs. DMG Constant OVP Detection Voltage
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Typical Performance Characteristics

TA vs. External Latch-Off Voltage TA vs. LAT Pin Open Voltage
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