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EVAL (% & BEME
IGBT / FRD

Low-loss & Highly reliable IGBT / FRD for EV
BitFABORRZEDL LT Ot AR

Process development technology using characteristics of
our own fabrication site

Y55 = Features

SRNPZVYEZDIGBTE&FRDFY I TXEVAIFA VIN\—Y DEMERIEICEKDT
BIRILF—ICEmULET,

S D7 FOJFERRE CTIE > IcHiiTZEHAL. &4eE-EmEDIGBT/FRD
NP FyvTZEEXRTHRFTLTWVWET,

Our IGBT & FRD FRD(bare chips) contribute to energy conservation by improving the efficiency of inverters for

XEVs.. We exclusively sell high-performance, high-quality IGBT/FRD (bare chips) by utilizing the technology
we have cultivated in analog semiconductor device manufacturing.

¥ |IATF 16949585 (750VRDHXIR) IATF 16949 certified (750 V product only)
% AEC-Q101#HL(750VERDHFIR) AEC-Q101 compliant (750 V product only)

IGBT FRD
Insulated Gate Bipolar Transistor Fast Recovery Diode

J4—IVRANYTRLYFS - ¢ SA4T75«4LaVb0O-)

Field-stop trench gate Life-time control

B EIVSYERMERE / BRAAYFUTIEX M EIESEERE Low forward voltage
Low collector saturation voltage B EUAH/\U—385% Low recovery loss

Low switching loss
B =5E4&ME High short circuit capability
B S{EEE  High reliability

Metal 1%5%& Representative model
IGBT

MI-Series 750V/275A
Chip size =10.6mm x 10.6mm (

EEREE Shipping record
21~ /\—HER 1 A8 L &

10,000 wafers. or more since 2021

FRD
MI-Series 750V/275A /’"-_ NIRRT
Chip size = 9.2mm x 5.4mm Q I

Trench Gate
Trench Gate

EERIE Shipping record R ESERSE AR GRRdSii 153
N IGBTHESEE 1GBT structure 21 FE~I ) \—HERE2HU L hwis LI

20,000 wafers. or more since 2021
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EVEL (% & EEME
IGBT / FRD

Low-loss & Highly reliable IGBT / FRD for EV

] aE/\vr— &= =
“ High-voltage battery h ‘.\

Nl =
pc-DCavii—5 | 2 gl‘l'\b I*jvh—ﬁv— ‘ Afg‘r"" ]
gl DC-DC converter HgleEl f arger charger
= !‘- ' 4 ’ ,,"

Inverter

bt B NN
F"'Ebjjjl/‘f'j— EVOBHZEREAA V=5 ([CRATNTLET,
Electric compressor | ZOfth A YR—RF p—Tr— - BEIV T —IC
RO y ] IGBT/FRDDMERENTNET,

ﬁa ﬁ Applications

DCFv—Iv—
DC charger

The IGBT / FRD is used for EV power conversion inverters.
It is also used for on-board chargers and electric compressors.
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@ :=/Eh Under mass-production
A FFEH Under development

12 15 25 30 35 45 50 75 100 150 200 200 240 275 350

{E#E Standard &8, UPS, EVA—k

Power, UPS, EV cart

KREATCV/I\—5,PFC

750 EV Home inverter, PFC

1250 1E£E Standard

EV (32 EE passenger car)

T EERAVIN—5,EVI{R
Industrial inverter, EV bass

EERIH, BEE
Industrial IH, Welder

;if'ﬁ LR Technological trend

EgED—T MERELLER (55 1 X & DLEE)
Performance curve Performance comparison (with 1st Gen.)
L e 18 is BliEk AA(vFUIEKX (a5
Generation Structure Conduction loss Switching loss Total evaluation
1Y, .
1st Gen. il J
M R:J U = Z‘ Trench ggtrs ® —_—
u: Floating p-layer G OOd G OOd
(@) _ ]
L cNoVFH—k N )
Trench gate 5
O it
T 2nd Gen. - J
Under development MIU—X Cres
PR L RS T e e Excellent Good Good
Technological trend N e
cNUVFT—b i
Trench gate B
VCEsat .
B3 i
3rd Gen. &
MSYU—X (F CD
St Excellent Excellent Excellent
HART—k L
Side gate o

¥MSYU—X:HIFEHRMS series: Under development
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MER @&/ «xz2m)

MOderate EfﬂCiency RegUIatOr (Ultra low noise power supply)

L/ﬂ'Z‘Noise %BODEE/ Ej’ﬁl

DC/DC Introducing the third power source.

HE/AXDEBESTHHIT DD

Having trouble considering heat and noise.

Heat LDO&EDC/DCOEIR2IRD SERIN T DFT UL VIS

A new proposal that frees you from the two choices of LDO and DC/DC.

Y55 & Features

ﬁg:ﬁ:‘l Eﬂ%ﬁﬂ FEE U)Eﬁﬁ Shorten product development time
HmAREICOWVWTCEXROEDCEIFEMCEEOLNTWVWET,
ERDFEFEI SICENICEDH B CTELDREZEPLCEF U,
MERFIERFEZLEEVEHERD I HmAFR B DB a2 RIBELE T,

The biggest problem in product development is generally EMC.
Traditional methods are endless and time consuming.
Unlike conventional methods, MER has fewer side effects and shortens product development time.

Y5 B Features

FIGHME  controllability

EMCRTRFEDZLIEREE @ CITONDIcH . D—ANT —RZREUICERET EEDH L
B MEBE /A XDREINSVRZEERT D EIFRETUI,
MER[EFEAFRTEITT HEMIFAEDICHHIE 4 ZFFE . CORBZERFHRULE T,

Since most EMC countermeasures are implemented using passive components, designs are often based on worst-case
scenarios, making it difficult to pursue the optimal balance between efficiency and noise.
Since MER is an EMI method realized with semiconductors, it has controllability and solves this problem.

RLWI—TJILPINY—VRBKREFLRS ZHD

Long cables and patterns have large L components 0 N /0 F Fg— % 21 ba);ﬂ LI L‘ EEIJII:
BRHAEM ] BROSLFEMOCHSEEENB D Rapidly changing current that turns on and off
L —Eﬂlzﬁfjlpiﬂﬂltﬁﬁn?bi?
e mmeciatel prececing oapactor bt some aso flows to the cable sice. M1Eifi  ——
% M1Current > é
A} ry .Tr(jw
Error Amp _I_ M1 ae
AL_D— Logic ~{ MeER T
M2Current
- . : A7\ mswe Me

T—TIVHRWEHFEDIRS THREREELTD

W—TEBRXELLES

The longer the cable, the larger the loop area as a radiation source O O

even if the distance between the wires is narrow. <&
= P . . = .
E:E@E;E Type of power supply /4’1 Noise §1’ $ Efficiency i* iEE'E issue
LDO I\ (88t 1« ZHEL) JEREICELY (5-1.8vc36%) #HMITHLW
(U—XEIR series power supply) No radiated noise Very Low (n=36%@Vi5V—Vo01.8V) Heat
MER /)\(DcDC-20dBLLE) &L\ (DCDC-5%i2E) # A X7HETEW
(1&/{Z‘EIE§”$%;E Ultra low noise power supply) Ultra IOW (< DCDC'ZOdB) ngh (.=-DCDC'5°/O) LeSS heat and nOise
DC/DC (SMPS K (k#1588 1 X) ETHKRL (80%LEHBLY) /A4 AHICFHLL

( ) loud radiated noise Very High (More than n=80% are general) Noise
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MER @&/ «xz25)

MOderate EfﬂCiency RegUIat()r (Ultra low noise power supply)

JAXERE  2o0dBLIE@100k~10MHZ

Noise reduction

EiaE ] SA
Current capacity
(o]
11}
Z N\ V4 7 ADEEEBE 6~36V *4~BVIZFETHIA >/ Hlf
| t ti It 4 to 6V, FET forced on control
S P E C nput operating voltage
m 40V
Rating

B @ E & H .40~125C

Operating temperature range

C/Shi
J A X7 BTSN MER

C/S does not pass noise

=
C/S mmmm= DC/DC
=

C/S=ALYVERRIESAH—

Current Stabilizer

4T (35R2021-191079)

Patent pending(Pub. No. JP2021-191079)

/ ‘f Zl&\%iﬁﬁﬁ’l& Noise reduction characteristics

ERADDC/DCE EH7ZRUE T,
DC/ DCH/EZ;&EBA:OH ﬂ/EZEZﬁGMEE,JEE?E;EEO

Examples of DC/DC standalone characteristics and noise characteristics when using MER are shown below.
Realizes reduction of DC/DC frequency and harmonic components.

'I-I-I

AUVRRAZESAY—(C/S) "EL” AUVRAZESA Y —(C/S) “Bb”
w/o C/S w/ C/S

10dB/div 200kHz/div

A E—

10dB/div 200kHz/div

I E—

""'M]
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'ili Ii 1 i I | | . F |L“f |
i "‘l”"r"'"'"r"‘*nid bl |l"|' s il JUs wh |I'r;'q'1A"a‘1lr".ﬂ'L"'L'*""""""'f""fu'l*\'I'|'r‘r"‘rI|"l'\'ﬁ"n'i"‘*"'ﬂ‘|"'“*.f’“'-q‘ﬁ'}'r"'"- H''1“''1“'‘''-'ﬁl‘“n'ﬂJLﬂ'ﬁ"F"r-"' .f'nr"'.,1'1p"lll‘u."’f"u"‘l"’u.‘”J"ﬁ"f'ﬁ"'hr“"'l”‘n" .l,,"'*-,n-*,"|,Ih'|“|fp,4.l,\ﬂ|;,"~'|.z, "‘#"'1“w'J"H’"""J“*""Jlki|!|1'|l"ﬁ"r"'."5i"l'""“""q'.'4#*’l"\u"iI"|HIa"1‘ﬁ'r"d'*‘1"'\\I‘""""'“I’"""‘a'

OHz 2MHz
DC/DCEMERIEEN 2RISR -35dB@500kHz
DC/DC frequency 2nd harmonic
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MER @&/ «xzm)

MOderate EfﬂCiency RegUIatOr (Ultra low noise power supply)

WERD /A AHRRFEEDHE

Part E 2| Type AW Merit F AW Demerit

;‘b%{%ﬂ: Efficiency decrease
/A (BRI D

Noise reduction high frequency only

NERBIL/EZEHBES

Efficiency decrease/ Design difficulty high

@ ;3;;; IE3AB Low cost /A ZiRUA 78 pifficult layout
/A KRS ERD
Noise reduction high frequency only
E—X %E I:—Z%Eﬁ%f%% Difficult to select
3 EIZI Low cost U4 REREERDY

Noise reduction high frequency only

@ T—RZANSYTiEH £ Low cost

Bootstrap resistance ZEEH S E{K change difficulty low

‘ (F38 ) ZIERE A SETEE S EE S Design difficulty high
S £\
@ EEl\Il}lll'I!li:{[fl\l;il(sEe) Ir\n/lejszrrexs)ij%) Noise reduction |arge DC/DCE} (L%E!/E Negative effect on DC/DC control
¥DM=F4TI7L Y Yv)LE—R LUVBLEENERE] (FHkHZz~) BRER Y A AK/IES5DEK Parts size large/ Low accuracy
*DM=Differential mode Wide range(kHz range or more) g@ﬁ%g% Change difficulty High
. —— ] * N =P SL=L 5 —WA—3
EMIT(JL% (CM./ A Xsidgg) D5/ 1 ZEmREIRA RETEmER/ R AN
e EMI filter(CM noise measures) Noise reduction large Design difficulty high/ High cost
%CM=JEVE—R [LVVERZIEERE (2 TkHz~) SmbA AKX/ EEHZER
*CM=Common mode Wide range(kHz range or more) Parts size large/ Change difficulty High

SRETEE Z B Design difficulty low
THEHBEE change difficulty low
® MER BIfE R A SHERE(L

Side effect small/Space saving Efficiency decrease

LWERREEE (E#+TkHz~)

Wide range(kHz range or more)

ﬁf;ﬁa)/ 14 Ziﬂ%ﬁﬁﬁ Conventional noise measure configuration

VIN J—— Q..  [&E...

o—— * "006\—- c—X]:—¢ I
i | s R0l
00 == —— | e

GND ]

UV /A XWREEM  New noise measure configuration

6 ......................................................................................... MER’\Emi%XU‘yF
- C/S |- DC/DC . Advantages of replacing with MER
VIN . v R Y
O e ————@—: Reduction in number of parts
B | L | e A RBHTHOER
C/S I Noise dn:sign resource reduction
_. : N\ J
P S I 1 . VOUT
i | ED * o
T |
SN OO VOO o : | control I —
GND ]
o —® —o ——— 0@
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BEERAEEIEEME2chUEYMC

PVTICX

1ch SE
UtvhkIC

HBAN—XAT

SEEEET

1ch &iitE 1ch SfE
UtEvhIC UtvhIC

H ﬁﬁ ﬁ Applications /;
B/ \vTFU—DEXER

SOT-25 (1.6mmXx2.9mm) X3{E SOT-26 (1.6mmx2.9mm) X 1{#
[ EEETHRE X 2(F ] EEETHRE x2ch
BEERED X 18 BEEEH X1ch

4% = Features

5B an == 2 Hl iR
SV DEEERNDEE SN DHEM THRSRDOAEERH T 8L

(|

EEER TR X 4ch, +BBEERH] X 1ch DBk
e FK PVTICX

- H—FE RERER
BAT|| | F~777" —¢= BAT

H—7FE AEEER

1chUtvhICaEX5{E
F )7 FHEFXAE PVT1CXXe
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B EERFEGEIERME2chUtEYMIC
PVTI1CX

2 Y5 = Features

RIRmEISHR
3B DOHAEZ 1 {BICEH + CMOSHININIC KD AIRIEE R EREE RO FTAE

BIRERA A=Y
€ 3K PVTICX
RiIcHR
¥60%
5] ﬁIJ,r-&"

e

3 Y5 B Features

i 78 it O Hll iRk
CMOSHAITHIET BT ETRRD A — TV RUA VHAITH U THEE T Bl

LowL AL AEOHARFEELS X—J
{E K PVT1CX

F—TVRUAVHENTAT CMOSHA151~7

ON / OFFAAwZF

ON GNDer_?v;I. ON / OFFZ4 wF

AR AT geai DY NIEL
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B EERFEGENIERME2chUtEYMIC
PVTI1CX

JOvIHE
vDD ()
VS1
GND (
vs2 (

ANYD

fEXIRAENE Nwir—3
BEiRERE -0.3V ~ 40V SOT-26B (2.9mm*2.8mm*1.1mm)
®EEE -55°C ~ 150°C

2.9x0.°
HESREN(EST

1,9x0.2
EFREzE -40°C ~ 105°C 0.99 | 0.95 0125%910
E{EEE 2.7V ~ 20V 6 K 1

i =

ESHFE (Ta=-40°C~105°C) memnn! @ S
Uty MRHEREEE 3.0V ~ 10.0V ]:il. 1 " £ % 5
Uy MRHEERBE — £2.0% Hiii =)
ERFUYREEEE 0.1V ~ 4.0V T Ty 4
EE R EEEEH 16V ~ 20V >
HE B 6UA max. L J
Z Dfth — T
o BEERAIMEE S
ot i F 5 EA 04201 012@] S 2

o1& /ER PR EIERF R TR L
eCMOSH 1 (Active High / Low ZEIROJgE
e AEC-Q100 Grade?2



MinebeaMitsumi

Passion to Create Value through Difference

High voltage 2ch Reset IC
with over voltage detection

PVTICX

el CRUICERINES
more In space for one

Applications

Voltage detection for automotive battery
Voltage drop detection x 2 pcs. Voltage drop detection x 2 ch
Over voltage detection x 1 pcs. Over voltage detection x 1 ch

reduce the number of components

Significantly reduces the number of parts when multiple voltage monitoring.

Solution for Voltage drop detection x 4ch,
+B over voltage detection x 1ch

Traditional PVTI1CX
ORI RGN sy [(Hel2 BAT Car navigation system PCB
>
Engine start
switch

1ch Reset ICx 5pcs. PVT1CX x2pcs
Pull up resistor x4pcs. '




High voltage 2ch Reset IC
with over voltage detection

PVTICX

space-saving design

MmebeaMltsum:

n to Create Value through Differ

Outstanding space savings by Three high-voltage reset functions are integrated into one and

equipped with CMOS output.

PCB mounting area

Traditional PVTICX

Tox I About 60% :
SR space saving!! .
= ;

PVT1CX

'I.II.I SEC

HV reset I HV reset I

IC

poo Epoo

I:II:II.I

Standby current reduction

CMOS output reduces standby current compared to traditional open-drain output.

Output pin operation when outputting low level

Traditional PVTICX

_______________________

Open drain output type CMOS output type

}_ / OFF
—_—

ON / OFF switch

ON GND pin7I. ON/ 08:[\8|WitCh
Standby current flows No Standby current



Block Diagram

High voltage 2ch Reset IC
with over voltage detection

PVTICX

VS1

GND (

)ouTt

Reset circuit 2

vs2 (

) oUT2

Specifications

Absolute maximum ratings

Package

Supply voltage -0.3V ~ 40V
Storage temperature -55°C ~ 150°C

Recommended operating conditions

Operating ambient temperature -40°C ~ 105°C
Operating voltage 2.7V ~ 20V

Electrical characteristics (Ta=-40°C to 105°C)

Reset detection range 3.0V ~ 10.0V
Reset detection accuracy +2.0%
Hysteresis range 0.1V ~ 4.0V
Over voltage detection range 16V ~ 20V
Supply current 6UA max.
Others

*Over voltage detection

*Separate VDD & sense pin

*No delay time

*CMOS output (Active high or low)
-AEC-Q100 Grade2

SOT-26B (2.9mm*2.8mm*1.1mm)

2.920.2
1,9£0.2
0.95 . 0.95 0,125 %10
| 1 ! —u
6 4 |
ot
Hj =
U QU] I
= N
yenn| o || | Y%
|. 1 1 - E ol
14‘:' T 3

(L.1>

[
LQ 0.10
&

0.4£0.1

0.057%10
11539

0.12 MW
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EHRAEEIZELDO
MV1936

IVINyRI1Zwh

RS

- e KRG ZRBECRELT

G EES “ TEAREOZEIR

BiFTARE
FE DS

LF¥al—4EEg

a—NIJ55

}Eﬁ ﬁ Applications

GPS, DAB, DTV, fit, FR&EH 7T HEIR

4% = Features

M\EROERERDLZRIRE » SREF 2V TAE!

€ 3K DEDDT Y T THINE R~ AEF R

=W e e IS

23— M&sAE,
(B AXEIR)

1B pAl,

Z =T VRHFEEDIEL

A—T ARKI AL,

(i NI

) 4

MV1936 fINER/ AERZNENSHAOEE TR

MV1936 My \EEAE R Ol E KRR MBS
A

To Antenna S aEat)

normal area

e/ NEB AR B S e
RER B
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EHRRAEREAIELDO
MV1936

Y5 B Features

ADIJIN=FAREDIITIVISIERL
F—7T2/23—bHIE L7 AN
P FEUNBRYA I VARKADI )\ —FP5MEMNTFADIO )\ —F HiARE!

e 2K

To Antenna
‘ ‘ ADIVI\—FHhE

MCU

q 7FrOJmR—k
(AD3dVIN\—%)

BERARETIE VI NEEThV R

MV1936

MV 1936

To Antenna

>
ADOVI\—IHFE

MCU
FLAI/OIR—b
MRI/OR—b o VIRNZETDES

J0vJH

Buck-boost | Vin
DCDC

GPS/DAB/DTV

MCU

: ~ 1 )
3 H »
.. re é. X
GND| § N ;DP
N 83 S Q
3 7;_'IV _
: TSD i —3R___TI?
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EHRRAEREAIELDO

ANYY

MV1936

HEXNFRARER INwo—3
BRIREE -0.3V ~ 16V SSON-10C (2.7mm*2.5mm*0.55mm)
HER 200mA
(RIF2E _55°C ~ 150°C -/l
10 6
RN EEEH
ENEEEEE -40°C ~ 105°C nep & .
B{EEE Vout+Vio ~ 14V ] [ D j %
HAER 100mA o E ’
|
BRI (Ta=-40°C~105°C) o ’
OFFBFHEER 3.5uUA max. g
HEAGRNEEER 750uA max. —
TPAL iz £3.5% e e @
=T /RHEFREE  +8%/-10% (lo=5mA) 55(Botton View) o]0
Ya—MRHETIEE +16%/-17% (lo=60mA) : - Slo
o ., [TTTT
o —T I ryRTIY i B
o BETIRE s =
o33/ (A 7 R IRE 100070
o /3—N/TSDIRHEE 7S IHNSyF ol -
© IS5 HMEE | 0204005 5T 556
e AEC-Q100 Grade2
F=—#IL3dAb B IANSEHEET YV T

DRk

oA VD7 FHOTR—

N(ADOVIN—%)FE

= fn AR

o/ NEVVENMDEBEICRED

O NT(FEBmDIEOSDEREZR/\RIC

ELPTE
Ll

o N2 AR CALICESIRAMDEEED I HE
ZERAAY ThEETOREEE
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LDO with connection error detection

MV1936

IVI head unit Antenna

Power supply
Current Monitoring Zero Process defects

by high accuracy connection

Regulator circuit

High accuracy current
detection circuit

error detection

Open flag

Connection status
judgment circuit

Short flag

Applications

GPS, DAB, DTV, etc. Power supply
for automotive antenna

High accuracy current detection

High accuracy minute current detection P High accuracy operational amplifier is unnecessary!!

Traditional Detecting small to large current with one amplifier
Current detection circuit
I I Voltage A\
M
it Y m==77 To Antenna Short circuit detection area

(Over current)

High accuracy amplifiers

normal area

Open circuit detection

Current detection circuit .
accuracy is low

>

Open circuit detection area Current
(minute current)

) 4

M V 1 9 3 6 Detecting minute current and over current with dedicated circuits

Minute current detection Over current detection
MV] 936 circuit circuit

) Voltage A Voltage
Short circuit detection

To Antenna
area (Over current)

normal area

Minute current -
Open circuit

detection circuit detection,afea Open circuit detection
Over current (minute®current) accuracy iS ngh
detection circuit > >

Current Current
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LDO with connection error detection

MV1936

Simple solution without AD converter

Built-in open/short judgment circuit

» ADC with a built-in MCU or an external expensive ADC are unnecessary!!

Traditional

To Antenna
W ;
AD converter is necessary

MCU

Analog input
(AD converter)

Connection status . ! .
judgment circuit Software design is complicated

MV1936

MV 1936
Ve

To Antenna

>

AD converter is unnecessary

hort circuit . .
sjuodgr%%t{' Software design is easy

Buck-boost

DCDC GPS/DAB/DTV

Connection status |
judgment circuit
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LDO with connection error detection

MV1936

Specifications

Absolute maximum ratings

Supply voltage -0.3V ~ 16V
Output current 200mA
Storage temperature -55°C ~ 150°C

Package

Recommended operating conditions

Operating ambient temperature -40°C ~ 105°C
Operating voltage Vout+Vio ~ 14V
Output current 100mA

lectrical characteristics (Ta=-40°C to 105°C)

OFF input current 3.5UA max.
No-load input current 750uA max.
Output voltage accuracy +3.5%

Open circuit detection current
accuracy

Short circuit detection current
accuracy

+8%/-10% (lo=5mA)

+16%/-17% (lo=60mA)

Others

thermal shutdown

eover current protection

*Reverse bias protection

*Short flag latched at short detection and TSD
*Error flag output delay

*AEC-Q100 Grade2

SSON-10C (2.7mm*2.5mm*0.55mm)

(4.19)

c./0+3.4d5

1=

)

I I =
|

—_—
m\>
~—————

|

2.90%0.05

0.40%0.05

—

Ef(Bottom View)

0.05A

3

g

B

7

I

@D |

(11>

p—;

il

i

6

0.20+0.05

™Moy
0O
oo
+

055+0.09

0.05M

Reduce
total cost

*AD converter is unnecessary!!

*High cost operational amplifier is unnecessary!!

High accuracy
detection

High accuracy minute current detection

*Minimize influence of variations in external
components to accuracy.

Improved
ease of use

*Software design for error detection is easy

*Detection current can be easily set by two resistors.




