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Low-Loss Switching Elements M@SFETS, TRIAGS,
Thyristors, IGBTs

Afier conversion frem eifvar forms of energy, dlectic power sheuld be uflizsd
with as [ittle weste s pessible in erer to reduas crben usage werldwide and
halp prevant globel werming. Eleciie power is mostly procuecad at genereiing
plants and distributad to homes and factores as high-veltage altermating
current (AQ) in erdler to minimiza less, Trensiormers can Than be usad i convert
tihe AC pewer vary cfiidenty inte usable voltages. Howevar, most clectical
procluets fun en DC pewar, which means that the eficeney with which AC is
eonvariad i DC and DC is convertad o clifferent veltages is very important [
foct, the conversion efideney is the mest important aspact of ensuring thet
cllacirfie power can [be used with &s [iie waste &s possible. Reneseas i malking an
impertant sodk] contribution by supplying produets, such &s conirel ICs and
switehing clements, that help boest conversion efiidency and minimizs the
dlsciromegneiic nolse genaried i the convarsion progsss,
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Power Supply ICs for Efidiant Conversion Cenfirol

New technology
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Power Supply Types and Component Element

BROBE—MROICTHEOKLSIC PFC JOvIE—RAl DC/DC A povx:jer supply ciLcIuitkconsist ofa PF|C blzck, primar)|/1DC/DC blclnck, anj
N — %l Ty (243 . =50 secondary DC/DC block. Renesas supplies devices, such as control ICs an
:E%ﬁ‘;j;{é Dj:lj/liﬁc’(bjst\;\;;l?ﬁj(/f\)/\g\séléi gIX(SBT)j—CDEB{; switching elements (MOSFETs and IGBTs), that enable customers to

CNETS - e )

—REID DC ZZ 19 % DC Conversion on Primary Side

improve the functionality and efficiency of their power supply circuits. r N\
EROOEDEEPHERDE LZZZAFT .
O EREIFETTTU Power Supply Circuit Types UG T—R. 7S5 I\vFAI\T— MOSFET
— i 2| = = Power MOSFETSs for Single-Forward and Flyback Converters
Primary Side | Secondary Side T7354I1\vo Fly-Back
«— (W) - Single
AC AA > Foly 100
AC Input
N2 C R= Vout 180
© 170 1+ RJK5020DPK 500V40A
160 T
1 Isolated DC/DC 150 1 [ RJK5018DPK 500V35A ]
T Cc[>)ncv/£r$er Converter 140
UNEF :(~70W)EfHE THD  SHABRAICEISALSNS 130 [ RJK5015DPK 500V25A ]
(Low Power: Up to 70W) 120 +
Inexpensive, Widely Used for Multi-Output Power Supplies et
RJK5009DPP 500V20A
> T+ —R Forward 100
== <4 3 S, == Py —, == = - 90 T
EBHEBWMERTD —XRflo DC EEZZIR Al DC EEZSEFEBmIC o
FPOTFATEBILILY Primary Side DC Voltage Conversion BELEUAN)VICETR el RJK5014DPK 500V19A
Active Smoothing Filter for Effective Power Utilization Conversion of Secondary Side DC Voltage to 1 [ RJK5014DPP 500V19A
Appropriate Level for Electronic Components 60
50 T ( ~
RJK5013DPK 500V14A
40 T
ﬁg%ﬂi%j% . il [ RUK5012DPP 500v12A
= Improving the Power Factor » ( RJK5012DPE 500V12A )
T 1A J
5026DPP 500V6A
5 e (M7 : SOW~200W) o RIK5003DPD 500V5A ]
F >/ Full-Switch BRAAYF VY partial-Switching (Medium Power: 50W to 200W) 0+
77 (W)Power S~ - — W .
w00, @I TAT—R.TS5A4I\y IR IC ICs for Single-Forward and Flyback Converters
---— - - - - - - - - - - - - - - == [ RIH60F7DPQ 600V/90A ] Maximum Rating Switching Start Start Stop o Protection
Part No. ~ Control Freq. Current Voltage Volt: n Duty On/off Error Other
[ Vee(V) | ToPeak (A)  (kHa) Miax. tﬂ'i)" i e Max. am [ ow [ uwo SoftStart ~ control Amp Functions
RIH60F6DPQ 600V/85A ]
30% to 90% Pulse b Yes
Voltage (Set by uise by External R ocp
173w [ RS CEn ] PaDODAM S00VASA Ms1995A  otad 36 +2 500 90 16 10 Bxtemal (LS | Reset Yes Yes Yes by Timer
1500 |- = ~coninuousicondiction ~ — — — -~ T - - = - == === e Ea et RIP6065DPM 600V/40A Resistor) Available
Modelnterleaved [ RIH60F4DPQ 600V/60A ] L ~
( N\
[ RIH60FODPQ 600V/50A ] “
@ EREEZRTTIU Power Supply Circuit Method Fy227 )b J\=T - FUyJ, T )b - TUyIEINT— MOSFET
[ RIHG0F3DPQ 600V/40A ] < - Power MOSFETSs for Push-Pull, Half-Bridge, and Full-Bridge Converters
1000 |- gt Tw2aTF)b push-pull IV« TUwY Full-Bridge
Servers T S e Push-Pull, Half-Bridge, or Full-Bridge
[ RIK6020DPK 600V/32A ]
ERII I £
Cong'ﬂ\uous Laser Printers Plasma TVs W)
s00 | _ M8 ciitica RIK6018DPK 600V/30A ] 200 -
P o i 380 |
cgr?srg?es a8 O ’ RIK6015DPK 600V/21A l
100 (j(%jj :"'ﬁ kW) (High Power: Up to Several kW) S 9
_____ Hom??p?gl;ﬁ;nces [ CRSOHEIH CERAR J (KEEF7 : ~# kW ) (High Power: Up to Several kw) FICHEHENERR 340
J—hkPC [eDE=C l C— Mainly for High-Output Power Supplies - N\
Notebook PCs LCD Monitors = 320 +
AR
e [ RIK6012DPP 600V/10A ] sy i
(ELDEIROES J\—7 + TUw Hali-Bridge 300 4
RJL5020DPK 500V/38A
( MOSFET ] IGBT ] | IGBT ] I 280
H 260 +— \ )
~ —
@PFC J>hO—3 PrC Controllers /e o L (° <
Maximum Rating Start Stop Protection F /B Loop e . RJL5014DPK 500V/19A
Part No. Control Voltage Voltage F PGA Absence ngLh V:)Itage 8 n/OffI CJ‘ 220 -
Vee (V) lo Peak (A) ) ) (1] ovp UvLO Soft Start unction b taction ineless i T @ L )
200 +
TS (KEBF7 : 100W~%K) (High Power: 100W to Several 100W)
RoA20115 Conducion 2 o 1 8 iz i i o o Yes No No —RADMEZE(E TEDH—RIIC K EDND, 180 L
R2A20118A '"‘ecffgéﬁgﬁcggica' 24 fgg 105 93 Yes Yes Yes Yes No Yes Yes No Widely Used to Enable Lower Primary Side Voltage Tolerance
R2A20113A pciltics N 2 2 120 92 Yes Yes Yes No No Yes Yes No
Interleaved Continuous +1 . "
R2A20114 Conductiorﬁ 24 + 10.5 93 Yes Yes Yes Yes No Yes No Yes .7}'} . 7 U ‘yym IC |CS FUll-BI’idge Converters
R2A20104 '“‘erl%’gsglfc%";r']"“"“s 24 +1 105 93 Yes Yes Yes Yes No Yes No Yes
- Maximum Ratin Switching Start Start Stop Protection
R2A20131 Continuous 2 12 105 93 Yes Yes Yes Yes Yes Yes No Yes PartNo.  Control —|+ Freg. Current  Voltage  Voltage ORA'Z)';'W . 8;"{25 i’;’; Fuatc':gn <
" : Vee (V) lo Peak (A) ~ (MHz) Max. A \% V, g CLM ovP uvLO Soft Start
LTV GE PR |11 e Copidinicr 24 e 105 93 Yes Yes Yes No No Yes No Yes (MH2) WA v V)
R2A20112A  Interleaved Continuous 24 +2 105 93 Ye Ye Ye Ye N Ye Ye N
Conduction -03 e = = = ° b b ° R2A20124A C,\‘,’lgszt 20 +02 20 % 84 8.1 (Pgh?fe) Pulse by Pulse - Yes Yes Yes Yes %fﬁgﬁ;”d
R2A20133A Sonunuous 24 fg:s 120 92 Yes Yes Yes No No Yes Yes No ©
R2A201338 Eg:gsgggﬁ 24 fg? 120 9.2 Yes Yes Yes No No Yes Yes No S 7/
R2A20133D peacicalm 24 fgg 120 92 Yes Yes Yes No No Yes Yes No E L INSO/ND— MOSFET Dh/\—UT WS EHHEEI— RN B ET BB ERELICHD T MESARPERDRNIC LRI ZBNREEINFT D TF— Y —MNEBORIEICSVBIGRRE EBREN W LET .,
- : Note : The voltage range coverage examples given for the above power MOSFETs assume typical power dispersion conditions. Factors such as the presence or absence of a heat sink and the airflow characteristics can
R2A20114A '“‘e”e‘?gﬁg.ﬁ‘:{‘;:]"”““s 24 +1 104 89 Yes Yes Yes Yes No Yes No Yes affect the power levels that can be handled. Appropriate heat dispersion measures should be incorporated into the design in accordance with the characteristics listed in the data sheet.
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“REIT DC BEDZHRETSICESEIFEIEDDOET M, A variety of methods can be used for DC voltage conversion on the @ DC/DC O )\—% R IC ICs for General-Purpose DC/DC Converters
9'42'—l\‘t?a—ﬁj/f}b@%;i%ﬁiézt[dib\ K%E\ %E\ seco.nd'?\ry Sl.del and among these are Step_.llp’ step—dowr), and Operating Operating Output ~ Output Max. Protection Functions

— == — N polarlty-lnvertlng converters Conﬁgured by Changmg the connections of Block  PartNo. Boost Back gack— Voltage  Current O_Iytput Voltage ~ Current SV\{(Erqu On OSFET p sync. On/Off Exsternal DTC Other
BMREZTOENTEXT, diodes and choke coils 00t Ty mAmyp. PP Tv) mAMax. *M2 putyee  cm | scp | uvio | softstart ectifying yne. unctions
VRS ZADORENLEER I\ —5, BERIOV/\—5. kERfIT Some typical ways of using Renesas devices in step-up, step-down, and
VIN—FEADTI\A AL TEEBRTITH. BICEEE B INDIE polarity-inverting converters are shown below. In particular, methods of e N 7= I

TNV ] o lyin wer in which conversion takes pl jacen hel r

TZIT BHEIE(F POL (point of load) EFHEN, JLxRURT  Suppling powerin which conversion takes place adjacent to the load are ;

P 1—5%. SiP+ ) (T— MOSFET D1 Ja—/5%. T called point of load (POL), and Renesas offers single-SiP solutions, SiP + es
[F1SiPYUa—232.5i 1—r3s 1Y power MOSFET solutions, and IC + discrete MOSFET solutions for such cencral aiolzy  ves no No o Ol Quick
FO—)U IC+ T4 AOU—b MOSFET VU1 —3VZE#UE T,  applications. Purpose 391040 85 T;‘elm Adjustable +/-1000 600 AALSERIE  pyjc ?I’:;':)Y Yes Yes No No Yes No  Shut,

Type Yes 8B DB I;’in) By Pulse Vref OVP
HA16116 No Yes
(CH2)
No
~~ TR sz () ) G
o £ 253 . -
—XAD DC Z2Z#19 % secondary Side DC Conversion
@®DC/DC Jv/N\—9 IC REER pc/DC Converter IC Products
—HEF For General Use [/ﬂ,ﬁﬁ DC ~DC aIN—=%F)\J— MOSFET Power MOSFETs for General-Purpose DC/DC Converters J
A Buck Converters Push-Pull Converters
S5 For Mobile Devices :
L DC/DC (S ER  [RER . iR ) Boost Converters Interleaved (Multi-Phase) Converters
’ I, Bl AS, 1 & o Synchronous Rectifiers
General-Purpose DC/DC(Step-Up, Step-Down, Polarity-Inverting) POL J2/N—% /32 KO—3 POL Converters/Controllers Y
(W) (W)
[] BEFEEY step-Down Type 30V 40V 60V 30V 40V 60V
HAOBEEER DC/DC (BRER) P 300 600 -
Fixed-Output-Voltage DC/DC(Step-Down) [J MOSFET K& Integrated MOSFETs 200 4~ N\ N\ ) sg0 4~ [ N\ N\ ™)
g [ BRAAvF VI EEEH~2MHz 280 —+ 560 -
= o~ High Switching Frequency up to 2MHz
£ BT S5 14 V7 v Extensive Lineup 5 _EEF'K (“”:R; YRPI“ ol 270 + 540 +
> - = ;% P~ =R S 14— b4 260 + 520
7: O ma?lﬂb\m,fjffjj v 15V~40V Rapid-Response CR Feedback Control
a Wide Voltage Tolerance Range (15V to 40V) (] VB Sy b — S ERE 250 500
A = VT =% Compact Package 1 1
a =z : : 240 480
g [] SHEARFEMLAEZ PIRL Integrated Protection Functions 50 L RJK0328DPB 30V60A | | RIKO456DPB 40V50A | | RIKO629DPE 60V85A a60 - RJK0328DPB 30V60A | | RIK0456DPB 40V50A | | RIKO629DPE 60V85A
2 220 4 xn xn xn 440 - xn xn xn
c n:depend on power, n:depend on power, n:depend on power, n:depend on power, n:depend on power, n:depend on power,
2 (n:depend )| | (n:depend )| | (n:depend ) (n:depend )| | (n:depend )| | (n:depend )

B Y ILFF+ 2L DC/DC Multichannel DC/DC Converters 210 T 420

3 200 T 400 |

3 —

o |:| %E\ %E\ @‘Eﬁiﬁ’é?ﬁl@bfc?)b?ﬁﬁ 190 + 380 +
H Multi-Output with Integrated Step-Up.Step-Down, 1 e 1
R and Polarity-Inverting Converters 80 360
) 170 T 340 T
ﬁ] [J MOSFET Mgk Integrated MOSFETs oo - o
; = 5h 2z [ § J \ S T U \
u [) B EESER 7 R e / ) T J )\ J
& High-Efficiency Synchronous Rectification ( N ( N ( ) ( N ( h
.. N 140 280 +
[ {EEEEE (Li-ion 1 &)L, 8 Eith 2 A5 ) 130 + RIKO6S6DPB6OVAOA | - | RIKO656DPB 60V40A
Low-Voltage Operation(l Lithium-lon Cell or 2 Dry Cells) 120 4 RJKO3MODPA 30V65A RIK0456DPB 40V50A xn 240 4 RJKO3MODPA 30V65A RJK0456DPB 40V50A X n
\C Y vl
O NBINy T —I 5 H Compact Package 110 + 2 (n:depend on power) 920 4 22 (n:depend on power)
€ J \ \ 4 u \
100 > S 7 < > < 200 e < > < > <
% T 180 T
80 7T 160 T
) 70 L RJKO3M2DPA 30V45A| | RJK0O456DPB 40V50A RJK0656DPB 60V40A 120 4 RJKO3M2DPA 30V45A| | RJK0O456DPB 40V50A RJK0656DPB 60V40A
BE . 4RE i 60 T 120 T
BEBE « MBE Functions/Performance 1 U )L )L ) 1L J L J L )
50 e N\ N\ N 100 e N\ 7 N\ 7 A\
40 7T RJKO3M4DPA 30V35A RJK0455DPB 40V45A RJK0655DPB 60V35A 80 T RJKO3M4DPA 30V35A RJK0455DPB 40V45A RJK0655DPB 60V35A
[REEIO>/)N—% step-Down Converter SEE)\—% step-Up Converter REEEIT >/ )N—% Polarity-Inverting Converter 30 T > > < > < 60 T > < > N <
20 T 40 +
() Fd—l\ M 15V () m >I sy () @_l\ I< ) () sy 10 + RJK0353DSP 30V18A RJK0454DPB 40V40A RJK0654DPB 60V30A 20 + RJK0353DSP 30V18A RJK0454DPB 40V40A RJK0654DPB 60V30A
5v WJ—U— jE2) 0o+ - J O J O J 0 & J O J O J
DC/DC E L TNBOD— MOSFET 07/ (—U T\ BB AHES I — RN SR AE T o B A EBELIL B D TY  HRBEROEIORNICKD R DBABEEENET DTT—5 Y —NEMORIEIC KB SHEEEBALOVELET .
DC/DC dVIN=% Note : The voltage range coverage examples given for the above power MOSFETSs assume typical power dispersion conditions. Factors such as the presence or absence of a heat sink and the airflow characteristics can
JVIN-% r DC/DC 7T affect the power levels that can be handled. Appropriate heat dispersion measures should be incorporated into the design in accordance with the characteristics listed in the data sheet.
DC/DC
Converter Converter
>
(C C p)
C
BL DC EENSIEL DC BEICEBRIDRAAvFUT - L KL DC EENSHL DC BEICEBWIZRA(vFUT - FEBIAYN-IDIAAIEIAF—REANBZIZT L
FaL—9.F99VAVN-FEHEVET, FaL—I ATV I PV FAVN=-FEHEVET, THBMEOBECERTZTENTE REEIVN-I&
This is a type of switching regulator that converts a high DC voltage to a low This is a type of switching regulator that converts a low DC voltage to a high =SEVNFET
DC voltage. The term “buck converter” is also used. DC voltage. The term “boost converter” is also used. = N

In this type of switching regulator the coil and diode of the step-up
converter are transposed to invert the polarity of the converted voltage. The
term “buck-boost converter” is also used.



(Y EEosBEAREBRER

A—I\—I+ 229232 MOSFET Ssuper jJunction MOSFET

BTRE TlE. T pR—2EHHS nBOICH AR Z BO

FIH X—/ SV p IV aVEEICT BERTTEICEUT pn BEH

SHEABICZEZBIBUET. (V1) BREETHInEBORES L

FTHEZELPT VD TEMEERBBAS, 4 R R TS

[CHARTAERIBIENHRETDT, /$T— MOSFET DEER

K MEIE T HIAEISE (FOMRI2) B M ERBH R THI0%HE.
ZOEHEBDLSCENEEERLET (M4).

In contrast to the conventional structure in which the
depletion layer extends vertically from the bottom of the
thin p-base through the n-layer, in the Super Junction
structure the depletion layer extends from the p-n junction
not vertically but horizontally (Fig. 1). Dispersion is good
even when the concentration of the n-layer, through which
current flows, is raised, so substantially lower on-resistance
can be achieved while maintaining high voltage tolerance,
compared with the conventional structure. This results in an
improvement of approximately 90% over comparable
current Renesas products in figure of merit (FOM: Fig. 2), a
key performance index for power MOSFET devices. As
shown in Fig. 3. high efficiency is achieved (Fig. 4).

A =
PC. U—N— BWBABR. KA Y N—IEDOKBRZRSERDOSMEL
(EFEML) ZDIR—MLE T,

Applications

Supports high efficiency (low heat generation) in power supplies that
handle large currents, such as power supplies for PCs, servers, base
stations, and solar inverters.

1 :Figa

O Drain

Z—/\—

ODrain
BTEE
Conventional structure  <)'7>/7J7 /g /tEE
Super Junction structure

3:Fig3

100

96

88

84
0

RJK60S5DPK-MO(SJMOS) 2%z

2% improvementl!

RJL6020DPK (BR1T88) (current product)

/

L

100 200 300 400
Pout(W)

500

2 :Fig2
100 i | _
2 L6020DPK RS
U B *"Conventional structu
2 ! !
g £
£
@ LN o
«H RIK60SSDPK-MO
ff 2
=H Z=IN= Yy Ty a S
e Super Junction structure H
ke =
s
0
0.01 0.1 1
-
'ﬁ’?z‘ {EECIEEE RDS(on) [Ohm]
efiiciency Low conduction loss

4 :Figa

[R2A20118]

7

EIEEHERL Circuit structure

400V

SiC SBD

SIC (ZUDVA—=NAR) [FSi (UTY) 8RN

5:trr-TehFs Fig.5: trr-Tc characteristics

YRFryTHREVSH. TMERFDIZHDRUTNE
ZELLTE EOERR tm M E<TEDEBEE
(Qrr) BINEVWSBDZIRETEF T, (K5) &z trr-
VFRHEBRERD Si-FRD KWARIRICA L (B6) o Aoy
FUITBRICBVTIGBT Y MOSFETD A wF T
BRERBICHSTCENTETEHT, (M8, K9) iz,
SBERENE TINEWIF-VF ERED (R7) RERED
FERIRLET,

Forward Current IF(A)

Si-FRD

Tc=25C ——

Sic-SBD
Tc=25C,125C

125C

Silicon carbide (SiC) is a semiconductor with a
larger band gap than silicon (Si). Since a thinner
drift layer can be used to maintain voltage
tolerance, it is possible to fashion SBDs having
shorter reverse recovery time (trr) and smaller

time

7t IF-VF 450

Fig.7: IF-VF characteristics

reverse recovery time  trr(ns)

6 trr-VF 4§14 Fig.6: trr-VF characteristics

100

Te=25C

Low VF
(RJU60C .series).

...... T

SiC-SBD
4

Uitra Fast recovery
(RJUB05 series)

x

8 1 Zh= - HI 4

Fig.8: Efficiency-output characteristics

1 2 3

forward voltage VF(V)

9 : FHmmDIES

Fig.9: Equivalent circuit

—SicSBD  Te=150C o [ Sic-SBD or Si FRO |
reverse recovery charge (Qrr) (Fig. 5). In 4o Teisoc o iy a-q ‘ "
addition, the trr-VF characteristics are far 2 —— 980 — I
superior to those of previous Si-FRD products .

(Fig. 6). This makes it possible to achieve a g (e e

substantial reduction in switching loss, £ /| // N oo
compared with IGBTs or MOSFETS, in switching S — e

power supplies (Fig. 8, Fig. 9). Finally, the IF-VF g / 65 /

characteristics with a small, positive 5 "y $
temperature coefficient (Fig. 7) contribute to 0 ,/j// 960 L » 7
stable operation. 0 1 2 3 00 05 W e MOSFET is RIKB0SSDPK-MO

forward voltage VF(V)

LERBRFBREFDITBIRTARSTIIOP RNV T —IFEH R
BETZEHEIEDEIEERTF ORI TETHILETT, PFCEIES.
FELOEEIFTESOED 1/Vvi —IbiC kY, BRERO KRR
BRI TIR<@EEZRELE T,

W SiICHEE/NT—F /N4 AU—X sic compound power device series
RJQ6020DPM RJQ6021DPM RJQ6022DPM

Vee(2) Vee(2) Vee(2)
IGBT
SIC-SBD SIC-SBD ~y
G1(1) <>SiC-SBD
Com(3) Com(3) Com(3)
IGBT L\ IGBT
B Shes Gs) D D G26) C95iCEBD
GND@) & NC(1) GND(#) o NC(1) GNBE@

W &5/ Y\DO—FNAZAU—-X Compound power device series

RJQ6008DPM RJQ6011DPM RJQ6015DPM

Vee(2) Vce(2) Vce(2)
IGBT
FRD FRD G1(1) 69 F;D
Com(3) Com(3) Com(3)
. IGBT
IGBT IGBT r s EN
G(5) G(5) GZ(S)O—@ C) FRD

GND(4) I

():EVBS  XXXPin number

GND(4) GND(4)

SATYvT Lineup

EaI\TD—5F I\ AU—X Compound power device series

As a manufacturer of many types of semiconductor devices,
Renesas has the advantage of being able to offer compound
products that combine superior elements. Our
single-package compound circuit products for applications
such as PFC circuits and voltage boost circuits deliver high
efficiency and a substantially smaller mounting area.

M SiC-SBDEEMAEN TV I AT K BIEIEXLL Reduced oss through use of SIC-5BDs and high-performance transistors

98.0

97.8 -~

97.6 —

97.4 97.1%—97.9%
97.2L

Eh=En (%)
Efficiencyn (%)

%

97.0

/ SJ-MOS + SiC-SBD

— RN MOS + 1D Diode
Conventional MOS + ¢ ional diode

96.8

69.6 /
96.4 /

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 16
HFIEH (KW) output power (kw)

RJQ6020DPM  JQ6008DPM RJQ6022DPM
RJQ6021DPMR  RJQ6011DPM RJQ6015DPM

[ I'@F

EMEREEY Operating frequency
=25k~65kHz (typ)

I5Ff): 7Y (PFCEBREA YN—IVRT L)

Application example: Air conditioner (PFC power supply and inverter system)

B X—/N\—Y T3> MOSFET  super Junction MOSFET M SiC-SBD
Part number | VDSS[V] | ID[A] | RDS(on)Typ.[Q] ‘ Package 5 Electrical characteristics
RIK60S3DPE  NEW 600 12 035  LDPAKS artnumber VAK i Vop | Trop | oo
RJK60S4DPE  NEW 600 16 0.23 RJS6004TDPN-EJ 600V 10A 1.5V 15ns TO-220-2L
RJK60S5DPE 600 20 0.15 RJS6004TDPP-EJ 600V 10A 1.5V 15ns TO-220FP-2L
RJK60S3DPP-E0 NEW 600 12 035 TO-220FP RJS6004TDPQ-EJ 600V 10A 1.5V 15ns TO-247-2L
RJK60S4DPP-E0 NEW 600 16 0.23 RJS6005TDPN-EJ 600V 15A 1.5V 15ns TO-220-2L
RJK60S5DPP-EO 600 20 0.15 RJS6005TDPP-EJ 600V 15A 1.5V 15ns TO-220FP-2L
RJK60S7DPP-EO 600 30 0.1 RJS6005TDPQ-EJ 600V 15A 1.5V 15ns TO-247-2L
RJK60S5DPN-EO 600 20 0.15 TO-220ABS RJS6004VDPN-EJ 600V 20A 1.5V 15ns TO-220-2L
RJK60S7DPN-EO 600 30 0.1 RJS6004VDPP-EJ 600V 20A 1.5V 15ns TO-220FP-2L
RJK60S5DPQ-E0 NEW 600 20 0.15 TO-247 RJS6004VDPQ-EJ 600V 20A 1.5V 15ns TO-247-2L
RJK60S7DPQ-E0 NEW 600 30 0.1 RJS6004WDPQ-EO0 600V 20A/10A 1.5V 15ns TO-247
RJK60S5DPK-MO 600 20 0.15 TO-3PSG RJS6004WDPK-MO 600V 20A/10A 1.5V 15ns TO-3PSG
RJK60S7DPK-MO 600 30 0.01 RJS6005VDPQ-EJ 600V 30A 1.5V 15ns TO-247-2L
RJK60S8DPK-M0O NEW 600 55 0.045 RJS6005WDPQ-EO0 600V 30A/15A 1.5V 15ns TO-247
RJS6005WDPK-M0O 600V 30A/15A 1.5V 15ns TO-3PSG
W SiICHES/INT—F/INA AYYU—X  sic compound power device series B ES/NT—F /N4 AYU—X  Compound power device series
SiC-SBD Transistor FRD Transistor
Part number Package
Part number Vos Io Ron(Vas, Io) Package Vim lo trr Vee lc Veegsan (Vae, Ic)
Vos | I | VE | trr | Type Reference
Vee le | Veesan(Vae, Io) RJQ6008DPM 600V | 20A | 100ns 600V 20A | 2.65V(15V,25A) TO-3PFM-5
RIQ6020DPM 600V 20A | 1.5V | 15ns SI-MOS| 600V | 20A | 0.10 (10V,15A) |tr=120ns TO-3PFMS RJQ6011DPM (pulse) I s 208 | 265v(svasa PP
Rigeoziopm|Pulse) (FIOW IGBT 1.5V (15V,10A) [tf=60ns P | RIQG015DPM 100ns 37A | 1.60V (15V,37A)
RJQ6022DPM IGBT 1.4V (15V,10A) | tsc=6.0us
15
]
N
LDPAK TO-220ABS  TO-220FP TO-247 TO-3PSG TO-3P  TO-3PFM-5(s-pin)
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IGBT & FRD 1GBTs and FRDs

VRS XTI FilT, SED T— T 7%, Babi, 8873/
T—ISAVT7vTREDERIFINS, EET FUT—T3aV(TELCE
KVCE (sat) ®# & RIHEOF Y U —X) @8R A A v F VT & &
(RIHE608 > U—X) BafEEHE CHIEREDET (RIH60DYU—X).
BilE SRR REZRFLTCVET,

26

2.4

22 #t
Company D

o

JLRP X
GBH (51t

SH (5th generation) |

Renesas C
¢ \-\
\_7
G6H[ZU—X
) (RJH6OF YU—2X)
*_ G6H series (RIH60F series)
1.0

%%0ede
’ 0 200 400 600 800 1000 1200 1400 1600 1800 Eoff (pJ)
(FB|ET, Tc=125C, IC=40A, VCC=300V, VGE=15V, RG=50Q)
(Inductive load, Tc=1257C, IC=40A, VCC=300V, VGE=15V, RG=50Q)

{EAA wF /T HEE Low switching loss

20

CHt
Company C
it
Company B
16 Al —t—>
: ompany A

Low conduction loss

VCE(sat) (V)

e EEIENR

® =u=

HBIEEV/CE (sat) RIHB0F S/U—ZRIHE0F7DPQ-AD : 600V, 90A, 1.35V@VGE=15V.
IC=50A. Tj=25°C

BEAAvF VI RIHE08 YU— (PFCHARIE)

RJH6088BDPK : 600V, 60A,60ns @VGE=15V. IC=60A, Tj=25°C
o SismE
BERIEERIHE0D (5us) V (6s) /M (8us) YU—X (« VN~ Fig)
S—h - TSyoREE: £30V. £ILT9 - TSy IMRENER

® SME
B U— X (BELIRA) -RIH1DF7RDPQ : 1,350V, 60A.
TO-247 4 Y N—9 FB&HEEYU—2 (1,200V)

Building on its strengths in trench technology, thin wafer
technology, and compounding technology, and backed by
an extensive package lineup, Renesas offers reverse
conduction devices with high voltage tolerance for many
different applications, including ultralow-VCE (sat) products
(RJH60F series), fast-switching products (RJIH608 series), and
products with reliable short circuit tolerance under high
loads (RJHE0D series).

EOT—J7ICkDT—IVEREIRE

Tail current reduction with thin wafer

BHEIGBT (7—IL&Hsh)
Conventional IGBT
(tail current present)

BUI—TJ7 (F-LERD)
Thin wafer (minimal tail current)

- High efficiency

Ultralow-VCE (sat) RIHEOF series

RJHE0F7DPQ-A0: 600V, 90A, 1.35V @ VGE = 15V, IC = 50A, Tj = 25°C
Fast-switching RJH608 series (PFC applications, etc.)

RJH6088BDPK: 600V, 60A, 60ns @ VGE = 15V, IC = 60A, Tj = 25°C

- Highly reliable

Short circuit tolerance under high loads RJH60D (5ps) V (6ls) /M (8ps) series (inverter
applications) Gate-emitter voltage: =30V, low collector-emitter current leakage

- High voltage tolerance

Reverse conduction series (voltage-resonance inverter applications)
RJH1DF7RDPQ: 1,350V, 60A

TO-247 high-load short-circuit tolerance series for inverters (1,200V)

B #ZE®EUAHNY YU—XFRD Ultrafast-recovery series FRDs  1-chip type W K VFU—X Low-VF series 1-chip type
IF[A] IF[A]
Package Part number VAK[V] T=25°C | Tem100°C VF[(\?]'p) tr{%p) Package Part number VAK[V] Tee25'C | Tem100°C VF[(\?]/ P) trﬁ‘tys]p)

LDPAK(S) RJU3051SDPE 360 10 5 14 23 LDPAK(S) RJU60C6SDPE 600 50 25 14 100
RJU4351SDPE 430 10 5 1.6 23 TO-220FP-2L RJU60C2TDPP-EJ 600 15 8 14 70
RJU4352SDPE 20 10 1.5 23 RJU60C3TDPP-EJ 30 15 14 920

TO-220FP-2L RJU4351TDPP-EJ 430 10 5 1.6 23 RJU60C6TDPP-EJ 50 25 14 100
RJU4352TDPP-EJ 20 10 1.5 23 TO-252 RJU60C2SDPD-EO 600 15 8 14 70
RJU6052TDPP-EJ 600 10 5 25 25 RJU60C3SDPD-EO 30 15 14 90
RJU6053TDPP-EJ 20 10 25 25 TO-3PSG RJU60C6SDPK-MO 600 50 25 14 100
RJU6054TDPP-EJ 30 15 25 25 2-Chip type

TO-252 RJU3052SDPD-EO 360 20 10 14 23 FIAl VF(typ) F—
RJU4352SDPD-EQ 430 20 10 15 23 Package Part number VAKIV] e (V] [ns]
RILG0o2 DRI 600 10 J 25 25 TO-220FL RJU60C3WDPP-MO 600 60/30 30/15 14 90

TO-3PSG RIUG0SISDRD:MO 600 50 LE 25 25 TO-3PSG RJU60C3WDPK-MO 600 60/30 30/15 14 90

2-chip type RJU60C6WDPK-MO 100/50 | 50/25 14 100
IF[A] VF(typ) | trr(typ)
Package Part number VAK[V] —sc [ =me [\?]' B [rg]p

TO-220FL RJU6053WDPP-MO 600 20 10 25 25

TO-3PSG RJU6053WDPK-MO 600 20 10 25 25 Q Q
RJU6054WDPK-MO 30 15 25 25 T0-252 LDPAK(S) TO-220FP-2L TO-220FL TO-3PSG

2chip typ

24 24 1 24 24
1 3 1 3 2 1 3 1 3

RJHB60F U—X RIH6OF series

B R

o BIKILUY IS EEIREE (Vcesan=1.35-1.40V)
o EVF. BEYLET A4 —RARE e~ VYF S —h-
O\ (GEHYU—X) e FRAAvF VT
o —N - TSI EF +30VIRL e 85 T7U—

mA =B

CERHIR. N—TTUvIOE eIHIvH— eV TK
2AWF T

W Feature

+ Ultralow collector-emitter saturation voltage (Vcesan = 1.35V-1.40V)
+ Integrated low-VF, fast-recovery diode

+ Trench gate/thin wafer technology (G6H series)

+ Fast switching

+ Gate-emitter voltage: +30V guaranteed

+ Lead-free

FRD JEPIE e00v IGBT 600V IGBTS with no integrated FRD

i R

o BIEILIY - IZvIBENBE oL Y F &I —I-
EUT/N\—Fi (GEBHYU—X) e SRAAvF VT
o — - T=wIEBFE £30VIRL @ 857U —

mA &
o Fay/N\—FFUT—3r ¢ E—9 e B (PFC1RL)
M Feature

+ Ultralow collector-emitter saturation voltage

+ Trench gate/thin wafer technology (G6H series) « Fast switching
+ Gate-emitter voltage: £30V guaranteed « Lead-free

W Applications

+ Chopper applications « Motors « Power supplies (PFC, etc.)

BEERAA wF 7" IGBT ultrafast-switching IGBTs

B R
o BERAAYF T (40-60ns typ.) ¢ KIL TS -
TI=vIHEAIFIERE @ FRDAE (RIHVU—X) © &'—| -
T=v9EFE: 30V R @ $87J—

mA =
e PFC @ (H/3>3kW)

W Feature

+ Ultrafast-switching (40-60ns typ.)

+ Low collector-emitter saturation voltage
+ Integrated FRD (RJH series)

+ Gate-emitter voltage: £30V guaranteed
+ Lead-free

M Applications

+ PFC circuits (output > 3kW)

IGBT Diode

Part number V[E/E]S Ic[A] Veesan [V] tfns] tsclus] | VF[VI | trrns] [Package

25°C | 100°C | typ. | IIAl | typ. | IA] | min. | typ. | typ.

RJH60F3DPK 600 40 20 14 20 92 30 = 16 140  TO-3P

RJH60FODPK 600 50 25 14 25 920 30 = 1.6 140  TO-3P

RJH60F4DPK 600 60 30 14 30 80 30 = 1.6 140  TO-3P

RJH60F5DPK 600 80 40 137 40 85 30 = 1.6 140  TO-3P

RJH60F6DPK 600 85 45 135 45 74 30 = 1.6 140  TO-3P

RJH60F7DPK 600 90 50 135 50 74 30 = 1.6 140  TO-3P

B Applications
+ Current-resonance, half-bridge circuits
+ IH cookers
+ Soft switching
VCE Ic[A] Veegsan [V] tfns](Inductive Load)

Part number v 25°C | 100C | typ. Al | VeVl | typ. KA] | VeV FRD |Package
RJP60DODPP-MO 600 45 22 1.6 22 15 70 22 300 NO  TO-220FL
RJP60DODPE 600 45 22 1.6 22 15 70 22 300 NO  LDPAK-S
RJP60DODPM 600 45 22 1.6 22 15 70 22 300 NO  TO-3PFM
RJP60DODPK 600 45 22 1.6 22 15 70 22 300 NO  T0-3P
RJP60FODPE 600 50 25 14 25 15 90 30 300 NO  LDPAK-S
RJP60FODPM 600 50 25 14 25 15 920 30 300 NO  TO-3PFM
RJP60F4DPM 600 60 30 1.4 30 15 82 30 300 NO  TO3PFM
RJP60F5DPM 600 80 40 137 40 15 85 30 300 NO  TO-3PFM
RJP60F5DPK 600 80 40 137 40 15 85 30 300 NO  T0-3P
RJP60FODPM 600 45 22 1.5 22 15 70 22 300 NO  TO-3PFM

Part number K;; Ic[A] . Viz([s:; V1 = tglf;] FRD Package
RJP6085DPN 600 40 2.65 40 15 (40)*! = TO-220AB
RJP6085DPK 600 40 2.65 40 15 (40)*' = TO-3P
RJH6085BDPK 600 40 3.0 40 15 60 YES TO-3P
RJH6086BDPK 600 45 34 45 15 45 YES TO-3P
RJH6087BDPK 600 50 35 50 15 50 YES TO-3P
RJH6088BDPK 600 60 35 60 15 60 YES TO-3P

BIEY A Power supply website

@7 U —uav AN application Web Pages
BRI DERE. web B A DT U —2
VI THEEREKMDERDIEE TS
B Qaral AN

For the latest information, click on the Applications
tab on the Renesas Electronics website. Information
on products related to power supplies is listed under
Power Supply in the Key Technology section.

http://japan.renesas.com/applications/index.jsp

1]

2]
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POL Z#5RHEBm TR I 5 roL Configuratio

Using Specialized Compon

Bk YJai—vav ik BR
Configuration solution Part No. Feature
SiP Y Ua—3/32/ sip Solutions EAERENE | FIERE - EIBK/\D— MOSFET £E—JERIFER PWM
J>bO—3® SiP {EICKD . 500kHz ENfERFICERAMER 95% ZRIR
High-efficiency operation: SiP integrating high-performance,
— low-loss power MOSFETs and PWM controller employing peak
’J‘ggc/of;;:\t/_x current feedback to deliver maximum efficiency of 95% when
High-Side MOSFET Saves Space operating at 500kHz.
R 57%HIiR
(/T4 RIU—btE) n=95% @Vout=3.3V (Vin=12V,Fsw=500kHz) .
5{,“’/(‘;553;‘“}_\",2;” R2J20702NP n=92.5% @Vout=1.8V (Vin=12V, Fsw=500kHz)
) i IgCompared with Sip (8%X8)
/56-Pin QFN iscrete Devices) |
@s | 8x8mm ——— R2J20751NP SHEEBNE | 2 TT—XEE. SF v RIVENE. 5V AEE
H——-E*% jﬁ_f”:@’:ﬁ% (6x6) Multifunction operation: 2-phase operation, multichannel
E; High Efficiency operation, 5V input operation
g /
E g , ;g 40-Pin QFN e
6X6 mm Rapid Response
POL-SiP
I %7 L Low-Side MOSFET + SBD
Multlfunctlon
PWM JIYRO—5 +SiP YUa—YaYy R2J20602NP
PWM Controller + SiP Solutions R2J20604NP
R2J20605ANP
High-Side MOSFET R2J20608NP i - emshsdhfF : 2iiti148E) (D — MOSFET EBB{LaNIcRERERS
Low-Side MOSFET + SBD R2J20609NP A IXIC D SiP ALICRD (IS, ERE L RIR
(8X8) High-speed, high-efficiency operation: SiP integrating Renesas
S— {Ki8K ER=E high-performance power MOSFETs and driver IC with optimized
¥ ¥ Hié—ﬁ‘g’fh‘c’fgécy R2J20651NP performance to deliver low loss and high-speed operation.
> R2J20651ANP
|/56-Pin QFN , Driver-MOSEET R2J20652ANP (n=92% @Vout=1.3V, Vin=12V, Fsw=500kHz, lout=10A)
/| gx8mm INBL/EANR—R R2J20653ANP
BALGTR R2J20654NP /&Y (y&r—VEH | 8mmx8mm & 56 EYRU 6mmx6mm & 40 £
- R2J20655NP QFN N\wi—JICE#RHTDIEICIDTARIU—MEGR 3 @ (SOP-8+
—+40-Pin QFN R2J20656ANP LFPAK+LFPAK) DIEREICEEA REREREZED LU ICIER
G - BRAR R2J20657NP Compact package: 8mm X 8mm 56-pin and 6mm X 6mm 40-pin
| High Frequency R2J20658NP  QFN packages reduce the mounting area to less than half of that
R2J20655BNP required for three discrete devices (SOP-8 + LFPAK + LFPAK).
R2J20657BNP
R2J20658BNP
(6X6)
FA4RIY—~YUa1—v3y RJK0222DNS  High Side 25V/14A, Low Side 25V/16A SBD
Discrete Solutions
RJK0O216DPA  High Side 25V/15A, Low Side 25V/32A SBD
RJK0O215DPA  High Side 25V/15A, Low Side 25V/40A SBD
3 RJK0230DPA  High Side 25V/20A, Low Side 25V/50A
=2 JX\D— MOSFET
Es Power MOSFET
§§ RJKO389DPA  High Side 30V/15A, Low Side 30V/20A SBD
oa
High-side MOSFET RJKO3P7DPA  High Side 30V/15A, Low Side 30V/30A
Low-side MOSFET + SBD . . .
RJKO3P6DPA  High Side 30V/15A, Low Side 30V/45A
RJKO3P9DPA  High Side 30V/20A, Low Side 30V/50A

11

POL-SiP(R2)J20751NP) YUa—<a> D5hZEf|
Example Showing Efficiency of POL-SiP (R2)20751NP) Solution

PWM O>bO—35 +SiP(DrMOS R2J20608NP,R2)20654NP) TH&ERk L= zh ==l
Example Showing Efficiency of PWM controller + SiP (DrMOS R2J20608NP, R2J20654NP) Configuration

RIERE - {KI8R/ VD — MOSFET EE—TERIFER
PWMIO>rO—5%Z6xX6mm/NEQFNASIP{ET
BT &Ik, 25ARETIFEFREREREDRAINER
94.5% 7=R1R

SiP integrating high-performance, low-loss power MOSFETs and a PWM
controller employing peak current feedback in a 6mmXx 6mm compact

QFN to deliver maximum efficiency of 94.5%, the industry's best among
25A products.

B 25ARETREFRRSDRAZE94.5%
(Vin=5V, Vout=1.5V. lout=5A)

B EHESFEOE TEMETE, KERWLZRIER

B BERRE. BEEREREDSEREXREZNE

W $BoU— /N0y TU—

W Max. efficiency of 94.5%, best in the industry among 25A products
(Vin =5V, Vout = 1.5V, lout = 5A)

M Large-current support when multiple devices are used together

M Integrated protection functions including overcurrent protection
and overvoltage protection

M Lead-free, halogen-free

9

R AEHERE/N D — MOSFET ERiBIlbENIEF
HRERS A NICDSIPAEIC K. RIBK - ERENE(L
ZRER,

SiP integrating Renesas high-performance power MOSFETs and a driver
IC optimized for high performance to deliver low loss and high-speed
operation.

WUy THEIED6X6m/NEQFNICKY., BE - &
RENELTDEEDIC. BB TFYIVaVEHICEKY.
BUVEHEMEBERBEERLZRIR,

Compact 6mm X 6mm QFN with copper clip configuration for
high heat dissipation and high-speed operation; full
complement of functions for high reliability and even lower

94.5%

94

90 I
88

Efficiency (%)

i ™\
. AN

82

80

0 5 10 15 20 2
Output Current (A)

Test Conditions
Vin=15V,Fsw=300kHz

Vin=5V
—— Vin=12V

Vout=1.5V, Fsw=300kHz

loss.

M Intel#t DrMOS #3484 . 04853
B LU BB O 2R EERRERECIIBVE
AN ZERIR
B EO0EREH(C KW Low-side MOSFET Z{= Lk
L. BafEiaRzEH
W iHFHIU—/N\O5 Y TU—
M Compliant with Intel DrMOS 4.0 standard
M Renesas’ exclusive 2-stage thermal protection function
for high reliability
M Low-side MOSFET turn off at zero current detection for
reduced loss with light loads
M Lead-free pins, halogen-free

B BN — VL RUERRRMREZERIR
B SEKEFIEE >1MH2)
W /BNy —:QFN56
(8mm X8 mmx0.95 mm)
B iFFETU—/NO5 Y TU—
M High-heat dissipation package for the best performance in the industry
M High-frequency operation (> 1MHz)
M Compact package: QFN56 (8mm X 8mm X 0.95mm)
M Lead-free pins, halogen-free

95 95
9% 94
93 93
92 92
91 91
wl A1 L N A4
I = _rLA
S Wl A AL
s oL/ £«
¢ . ]/ £ o
o L1/ o L N\
o I o N
o I o AN
82 ’ I 82 ’
81 , I 81 ’
80 l I 80 ,
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
lout (A) lout (A)
Test Conditions fsw=300kHz Test Conditions fsw=300kHz
Vin=12V,Vout=13V fsw=600kHz Vin=12V,Vout=13V fsw=600kHz
——— fsw=1MHz ——— fsw=1MHz

Renesas VP x4z 10— MOSFET ¥=al—vavH 4k Renesas Power MOSFET Simulation Site

Web L TDC/DCOVN—9 DEF

BAZA. IND— MOSFET DIEREDEEZ{TASYSab—Y3Y Y/ MOPEN !

This web-based simulation site enables you to examine waveforms at various points in a DC/DC converter, calculate power MOSFET loss, and more.

Renesas VP (Renesas Virtual Power Lab.) (&, BERERARDEEE DC/DCAV/N—=9IDI/IND— MOSFETEEZ V=2 —3av g3y

ARTY,POLIRER A T SoC AW DERAEIRDEEE DC/DCIVN—I DEY

A, IND— MOSFET DIEREZH L TEHE I BT

ENTEBDT, EREFDRY — MRIETEYR/NT — MOSFET DRRAH ZITAE T o

Renesas VP (Renesas Virtual Power Lab.) is a website for simulating power MOSFET operation in synchronous rectification type step-down DC/DC
converters. You can use it to examine waveforms or calculate the power MOSFET loss of step-down DC/DC converters in on-board power supplies, such
as POL configurations for microcontrollers or SoC devices. This makes it possible to narrow down the range of suitable power MOSFET products before

starting the actual design work.

Renesas VP [ZZTHE5H'S  Renesas VP URLs
B#&Y  http://japan.renesas.com/vp
Global Site http://www.renesas.com/vp

JC

M}’ Renesas C#FIAICIE MyRenesas N\D1—H—EFHWHETT. To use the site, you must first register a MyRenesas account.

Now you can try out DrMOS products with Buck Designer creates a buck converter design based on the
excellent performance superior to discrete conditions you specify. It allows you to evaluate the performance of
MOSFETs. different patterns before the actual evaluation board is produced.

A graphical display and essential information is
shown for the selected MOSFETs.
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FPD RHEER Power Supplies for Flat Panel Displays

FEBE Function FY2 Part No. Y35 specification
RJK6015DPK 600V/21A
MOSFET
RJK5014DPK 500V19A
PFC RJU60C2TDPP-EJ 600V/15A/ {6 VF Lowvr
FRD RJU60C3TDPP-EJ 600V/30A/ 1& VF Low vF
RJU60C6TDPP-EJ 600V/20A/ FBIEIR Tr Ultrafast T
AT~ RJK5013DPP 500V/14A
& N sviwmax | (A2 iy ComEidEr RIK5014DPP 500V19A
g §
e UPA2794AGR 60V/5.5A, -60V/-5.5A
S imer DC/DC
UETY uPA2790GR 30V/6A, -30V/-6A
Al Smeter
ACOuter RJK6013DPP 600V11A
000
s —5{ AUX RJK6014DPP 600V/16A
Step-Down @' Amp.
Converien T2 RJK6015DPK 600V/30A
[, : oW rocessor WPA2790GR 30V/6A, -30V/-6A
l Audio, Etc.
| UPA2793AGR 40V/7A, -40V/-7A
pRC Tian Inverter | Pulse | | Backlight Inverter HPA2794AGR 60V/5.5A, -60V/-5.5A
Converter Con”t‘r‘?}ller rans.
HAT2032R 80V/4.4A, -80V/-3A
HAT3019R 100V/3.5A, -100V/-2.3A
2'O0vY Block HAR Description HI2 Part No. YR Feature

PFC

200W U EDKEBHICIFERFR A >5U—T (R2A20112A) =R,
200W LAIFICIEERSRS > )L (R2A20133D/133A/133B) Z2H3E

s yU—J

Critical conduction mode interleaved versions (R2A20112A) recommended for high
power of 200 W and above. Critical conduction mode single versions
(R2A20133D/133A/133B) recommended for power ratings below 200 W.

R2A20112A Critical Conduction Mode Interleaved
R2A20113A

R2A20133A EEFR I

R2A20133B Critical Conduction Mode Single
R2A20133D

13

BRSRA > ZU—T DAUvE Advantages of Critical Conduction Mode Interleaved Operation

e ™) r )
@ 2 FHDTEICEETBDT, @) LHEROUY T IUHINE W (BHROZBHINE L)
Since two channels operate alternately: Minimal ripple current in output (small current fluctuation)
- BURHASDEB@RIFS T VIV D - BADIVT UV RINE S TED = EBREOEEEHOIRE
2 1%0)%7373\?%5115 Smaller output capacitors may be used. = Thinner power supply design possible.
Twice the power of a single channel can be obtained from
components with the same rating.
- BUBHESH53 DFIBDE@IER D
The same power output can be obtali::'ned f?om
components with half the rating value. i
-BRFRCH kW LU EDERZRIFETHE
Power output of 1kW and above can be obtained E=h
using critical conduction mode. Current
O e N
12.D2,Q2— % 2(ZL—2) L o ¢
Channel 2 (Slave) >
‘ o ' BRA5U—T
d | | Critical Interleave | | | i |
:J | @] — b Ll
) [ — | pwm ‘ ‘ Curont M/WA\A%\?%A\
M a1 g L | mRowE o
I l ] | Average Current Value | |
. v . v
—u: w — W ) — - = Lk
WY AD PFC IC 35U & ILTLEICHHEUREREEEZNE L
- " " 3 1 | b — -
FICERFE—RAVHU—TARAD IC FEFRARE TV [CRETT .
Renesas PFC ICs incorporates protection functions designed especially for digital TVs.
Our critical conduction mode interleaved converter ICs are ideal for large-format flat-screen TVs.
WEESRA 2 YU—THRICKDBIE /1 XTI,
Critical conduction mode interleaved operation for ultralow noise.
WERDEICKDESESB@RIMERTE SEERULICHTITT,
Current division allows use of low-profile components ideal for thin-panel designs.
BEORIVARAYF I ITDHEMNERTT
Zero-volt switching for high efficiency.
OA 2V THITTHRI ETRDIEL) Difference in Current Flow to Inductor 0)IS 3718 C61000-3-2 [CHBIFD Class D HiTFIF)L TV OFHR
EENICERERT DO EEE—R---mh - KEHAICEL Categorized as Class D (Digital TV) Under JIS Standard C61000-3-2
Continuous Current Flow Continuous Conduction Mode: Class A : All Other Systems
Good for Medium and High Power Output Class B : Power Tools
_EF s = el . thEE - Class C: Lighting Systems
T . iz llcd 250 ",“?FE |\, N - eREAAICEL Class D : PCs, Monitors, and Television Receivers, Pin = OW to 600W
emporary Current Drop to Zero Critical Conduction Mode:
Good for Low and Medium Power Output
OMOSFET A V505  FAF—RERFESHDEL 6F ,
Difference in Number of MOSFETSs, Inductors, and Diodes Used -F : :Fcpizjledr .
Iy =z °F {o] e
1 THRT 250 i 25 5 Regulaion
Single Set Single IREE
2ETH. RECHNTED  (VFU—T - o)
Two Sets, Operating in Alternation Interleaved ﬁ% g2F - - |
“t H—d 1 1
o 1 2 3 4 56 7 5 s 0
SRR
Harmonic Order

14



Y- HBBEY A

KEH—)NDOEEIFAC-DCOV/\—4 . DC-DCO/\—4 . POL A power supply system for a large-format server comprises AC-DC
BEHSHNET AC-DCIVIN—4(412-48VEED/\ABE A converters, DC-DC converters, and point of load (POL) circuits. The AC-DC

_ . _ _ converters generate bus voltages ranging from 12V to 48V from the
SHEBACD'SER. DC-DCOY/N—H(312-48VH'55-12VICE R, external AC, the DC-DC converters convert voltages of 12V to 48V to

Js =
HEIRER AR Recommended Components
ZPOLOBFaENaAE CEEAICKEDERZHIELET LT levels ranging from 5V to 12V, and the POL circuits, each situated near its

AlFBEEBICRBLUCT A AZRHELE T, target load, supply the specific voltages required by individual loads.
N . . . i Block Products Part No. Vin Range (V) lcc (mA) Fmax (kHz) Remarks
Renesas Electronics provides power devices optimized for each of these
circuit types.
Continuous Conduction Mode
R2A20115 to 24 4.4 400 Power Limiter
R2A20112A to 24 6.3 Critical Conduction Mode Interleaved
Critical Conduction Mode Interleaved
" == R2A20132 to 24 7.5 - ; : b
p— SIS A A High Efficiency with Light Loads
5 — )& E*ﬁﬁi Configuration of Server Power Supply prC Controller
Critical Conduction Mode Interleaved
R2A20114A @2 75 High Efficiency at Lightload
#2#&2DC/DCEIRA Isolated DC/DC Power Supply 12V DC R2A20104 to 24 TBD Continuous Conduction Mode Interleaved
RJKI(3|554PPB | SRl Continuous Conduction Mode
Full-Bridge Topology R2A20131 to24 2.5 High Efficiency at Lightload
48V DC Bus
10 . .
AC-DC ) Secondary Synchronous DC/DC Controller R2A20121A t0 20 15 2000 Synchronous Phase Shift, Full-Bridge
f
Built-in MOSFETs,
| VRM,DC/DC Controller R2A20101 251055 - 2000 Single-Channel Step-Down DC/DC
AC A4 FB
Input »t 1
Bri Synch Rectificati
» ? O s "
. Control ICR2A20124A
Half-Bridge Topology
N - RDS (On)
> Primary Switch Secondary SR* Block Products Part No. VDDSS/ID () Mo, Pch (W) Package
= Control IC RIKO654DPB (V)/(A) VGs=10v
Ly r
hy @ —
DC 5 RJK6011DJE 600V/0.TA 520 0.9 TO-92M
48V 3 S sw Power
T — tarter MOSFET
5 RJK6022DJE 600V/0.2A 15Q 0.9 TO-92M
kossapps B IGBT RJH6086BDPK 600V/45A -(IGBT) (268.8) TO-3P
PFC DC/DC RJK6015DPK 600V/21A 360 150 TO-3P
Power
DICSREY RIK5020DPK 500V/40A 115 200 T0-3P
®
l RJU60C6SDPK-MO 600V/50A - - To 3PSGAE VF Lowvr
PFCIC FRD — ]
RJU6054SDPK-MO 600V/30A - - To 3PSG, R T Uitrafast T
L RJK0328DPB 30V/60A 21 65 LFPAK
Control IC Secondary Side Synchronous Rectifier Power MOSFET
® ARG RJK0654DPB 60V/30A 83 55
L Hot Swap Power MOSFET RJK0328DPB 30V/60A 2.1 65 LFPAK
*SR: Synchronous Rectification
Bus Converter Pout=120~240W RJK1056DPB 65 Primary for Full(Half)Bridge:100V
Vin=36~75V RJK1055DPB 60 Primary for Full(Half)Bridge:100V
POL Vout=12V RJK0654DPB 55 Secondary for Full(Half)Bridge:60V
POL,VRM RJK0854DPB 55 Secondary for Full(Half)Bridge:80V
VIN=12V
Pout=300~700W RJK1056DPB 65 Primary for Full Bridge:100V
High Side
POL RJK0656DPB 65 Secondary for Full Bridge:60V
m Vout=1.8V I
? RJKO856DPB 65 Secondary for Full Bridge:80V
Eﬂ SBD POL Isolated Converter Pout=30~90W RJK1557DPA 30 Primary for Forward Active Clamp:150V
32V — Power
Memory VRM,DC/DC Converter MOSFET
Vin=38~55V RJK0454DPB 55 Secondary for Forward Active Clamp:40V
Low Side
25V POL I Vout=3.3V,5V Pout=100~200W RJKO856DPB 65 Primary for Half Bridge:80V
RJK0455DPB 60 Secondary for Half Bridge:40V
POL .
15V — RJK0456DPB 65 Secondary for Half Bridge:40V
PA Converter Pout=300~500W RJK1056DPB 65 Primary for Full Bridge:100V
(1C.3L\J/) VRM y | Vin=36~75V RJK1055DPB 60 Secondary for Full Bridge:100V
Vout=28V RJK1056DPB 65 Secondary for Full Bridge:100V
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/—h PC DEBRIF./—hERIKICHD VRM BIEEEEMACDDHE M)
HEENOMDEFET . VRM EIESIFEMEENS CPU, XEU—, HD.
NDEBEZEMUET . COOEITERAANVF VITEEDNNET
VRS S DARICEE(EUIZ/ (D— MOSFET ZiRHtUE I . &5
HEH B (FNE 7S TID OB TEILNDFEBHIEEEBEILHS
VRM EIBENDEREZ{TEY . Renesas [FCDA&EICEMRE.
EhEE, fthDKEEZFD SBS-IC ERMBRA VFITELU/ (D —
MOSFET Z#HtUE I,

The power supply system of a notebook computer comprises VRM
circuits in the computer body and a battery control circuit in the battery.
The VRM circuits convert the battery voltage to appropriate voltages for
the CPU, memory, hard drive, and other components. Such circuits
require fast switching, and Renesas Electronics supplies power MOSFET
products optimized for this purpose. The battery control circuit handles
charging of the battery cell using power from the external AC adapter
and discharge of battery power to the VRM circuits. For such applications
Renesas Electronics provides SBS IC products incorporating functions
such as battery protection and battery management as well as power
MOSFET products suitable for charge-discharge switching.

/—BFPCDIEEEHI Circuit Example for Notebook PC

n
Battery

AC Adapter
Charger

High Side Low Side {EMitE30V MOSFET
Low-Voltage (30V) MOSFET
Vin=16V
V=5V ‘m‘
T u
B
il % I
=SS T
L = N
@ é G
] dI1
PWM |SENI%2 A cPU
IC = 1 Core
é % 13
l m T 7L Vout=1.3V
HH C lout=120A
50O 11
L4
(T80
— TEllee 9
& ISEN4 &
Large Current VRM, VRD for CPU Core
. 7

YA A =

Low-Voltage, High-Power

Notebook PC

Charge Circuit

Power Supply SW

i .

| ]

i |
T

1 ! A

i

'© | R2J24060%* | 4

) i

i ! 2 3 |

! . Si S1

i I pey iT or T2 T
|

| - Gl G2

! ! 1 D11,D2 4 '

L ok BAFEH Under development

7500\ 7L cPU
Core
7
PWM
IC
I _
* ES
peettt - 9 _ ia
= HDD
~ wmeu CD-ROM
= DVD
7Jr P\IlgM T
77_ o0, Logic
7
DC/DC Converter

)

HELZER SR Recommended Components

Block Supply to Part No. Package VDSS (V) D (A) 10VIBVIRDS (on) () Qg (nQ)
Typ. ‘ max.
Synchronous CPU Drive RJK0348DSP SOP-8 30 22 2.6 34 34.0
Rectifier RJK0349DSP 30 20 29 38 25.0
RJK0352DSP 30 18 43 5.6 16.0
RJK0353DSP 30 18 4.5 5.9 15.0
RJK0354DSP 30 16 54 7.0 12.0
RJK0355DSP 30 12 8.5 111 6.0
RJK0305DPB LFPAK 30 45 6.7 8.0 8.0
RJK0328DPB 30 60 1.6 2.1 42.0
RJK0329DPB 30 55 1.8 23 35.0
RJK0330DPB 30 45 2.1 27 27.0
RJK0331DPB 30 40 2.6 34 21.0
RJK0332DPB 30 35 36 4.7 14.0
RJKO3MODPA WPAK 30 65 1.6 1.9 33.0
RJKO3M1DPA 30 50 1.9 23 25.0
RJKO3M2DPA 30 45 23 28 21.2
RJKO3M3DPA 30 40 32 39 15.7
RJKO3M4DPA 30 35 38 4.6 12.0
RJKO3M5DPA 30 30 54 6.5 104
RJKO3M6DPA 30 30 7.6 9.2 7.1
RJKO3M7DPA 30 30 83 10.0 6.1
RJK0230DPA Hi 25 20 58 7.0 7.7
WPAK(Dual)
25 50 [1.5] [1.9] 45
RJKO3P7DPA Hi 30 15 7.8 9.4 7.1
WPAK(Dual) ———— R
Lo 30 30 4.4 53 16.5
RJKO3P6DPA Hi 30 15 7.8 9.4 7.1
WPAK(Dual)
30 45 2.0 24 294
RJKO3P9DPA Hi 30 20 58 7.0 7.7
WPAK(Dual)
30 50 1.7 22 36.7
Memory, RJKO3M8DNS HWSON3030-8 30 30 43 52 14.5
CD-ROM RJKO3M5DNS 30 25 6.0 7.2 10.4
RJKO3M6DNS 30 16 7.6 9.2 7.1
RJKO3MIDNS 30 14 9.2 11 6.0
HDD RJK0389DPA WPAK 30/30 15/20 8.2/6.8 10.7/8.9 6/7.2
Power 3.3V/1.5V/1.05V RJK0353DSP SOP-8 30 18 4.5 5.9 15.0
Management RJKO3M4DPA WPAK 30 35 38 4.6 12.0
Switch/ UPA2803T1L 8pin Mini-HVSON 20 20 - - 20.0%2
(Load SW) UPA2200T1L 30 8 - 23.0 9.0%3
UPA2200T1M 8pin VSOF-Slim 30 8 - 23.0 9.0%3
UPA2201TTM 20 9 - - 13.0%
UPA2211TTM -12 75 - - 15.0%
Power Management Switch/  Main DC power line/ HPA2815T1S HWSON3030-8 -30 21 9.0 11.0 47.0
(Select SW) Battery Pack HUPA2816T1S -30 17 12.0 15.5 33.0
Select SW UPA2520T1H 8pin VSOF(2429) 30 10 9.4 13.2 10.8*
UPA2521T1H 30 8 12.0 16.5 7.6%1
Backlight Backlight HAT2275 SOP-8 60 6.6 25 320 10.0
HAT2215R[D] 80 34 88.0 115.0 7.3

Notes *1:RDS(On)=5V *2:RDS(On)=4V *3:RDS(0On)=4.5V

AN —BIVwTFURIC ICs for Smart Batteries

AN —RI\wTURIC R2J24060M4FEE Features of R2)24060 IC for Smart Batteries

17

[116-Bit R8C CPU [IN-ch FET /\1 Y/ RRS1 ) \Wigk(AFE) C=tkae
On-Chip N-ch FET High-Side Driver (AFE) Advanced Functions
OfEHEER COWDTHAE (AFE) CICSEERIN
Low Power Consumption On-Chip WDT (AFE) C Language Support
10V RDS (On) (mQ)
Block Part No. Package VDSS (V) ID (A)
Typ. l max.
Battery HAT1125H LFPAK -30 -45 -45.0 5.9
Protection/Reverse HAT1127H -40 -40.0 8.6
UPA2812T1L 8pin MinHVSON -30 42 5.2
UPA2813T1L -30 -27 438 6.2
Protection HPA2814T1L HWSON3030-8 -24 7.2 9.0
RJJ0315DPA WPAK -30 -35 4.8 5.9
HUPA2820T1S HWSON3030-8 30 22 4.2 53
HUPA2821TIL 8pin MinHVSON 26 3.0 38
UPA2822T1L 8pin MinHVSON 34 22 2.7
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I7 VIS EEHREBNZE DD T, BRICIF—HRHIIC
PFC DEsZANET T O, SFREHRFDOENED
O—JXAMETIEFY A IO PWM #EBEZRALICH
7 SW BIR—REICALSN. DEWLEBR THEZD
DEEWECEFET,
HAEACTIFESFERRH O LEERBENDTILRYXT
FEMASFORUIYA IVEZAELTHED. IGBT
EDHPEDB THEERD - —XITHIHLTHDFET,
EREECIEERRRHDOHSETIE PFC IC ZH
WeT)L SW B REVSNE T . CDGEE. hEZEH
U GERTE—RD PFC EEEA—MEICAVSNEFTHL
EFEEREmR ./ A ADMER DICHICVER TIIVAA T
> PFC (&R EDH TERATNTLR U,

IWRT X CTIERBHTH /A ANREAZHSZIS5ND
AFU—THDEHRE—F PFC IC R2A20114A 7=
AELCO—ORNEE PR EEMERZERBLCVET,

Because air conditioners operate at comparatively high
power levels, a PFC circuit is generally incorporated into
the power supply. In low-cost systems for countries
with no restrictions on power line harmonics, the PWM
function of the MCU is typically used to implement a
partial-switching configuration. This enables some
improvement of the power factor while requiring few
components. Japan has relatively loose restrictions on
power line harmonics, so Renesas offers a variety of
MCU products for different price ranges. They can be
combined with IGBTs to match the requirements of
customers. In high-end air conditioner models and
models for countries with strict restrictions on power
line harmonics, a full-switching configuration
employing a PFC IC is used. Typically, a continuous
conduction mode PFC circuit is employed to assure
efficiency. The use of full-switching PFC circuits has
generally been limited to high-end models due to the
larger number of components and the increase in noise.
Now, however, the R2A20114A continuous conduction
mode PFC IC from Renesas provides interleaved
operation at high power levels along with inexpensive
anti-noise measures, enabling manufacturers to design
low-cost air conditioner models that combine a high
power factor and high efficiency.

@I AAYFUY Full-Switching

EBRSW Partial-Switching

[CIEEERL

Circuit Configuration

f=~120Hz

~4 12 MCU

JAILD

EfUE ()

Current Waveform

of Coil (Ic)

IGBT &
IGBT Current

1-2 pulse / % cyde (~120Hz)

20-30kHz (Fixed Frequency)

annmnm

?:5%1' Design

FFEE  Moderate

@%’E Complex

J1IWHAX

Coil Size

X Large

I\ small

PF Power Factor

~0.9(FH78F)

Up to 0.9 (at High Output)

0.90E 09 or more

T—=Z 34

Boost Coil
(1N FRD

[ .

ANT ALY =

Input Filter A5 U—TJEE

Interleaved Operation ™

PFC
R2A20114A

h RJP6085

[ ] vvrEm
Shunt Resistor

1

HAF R Comparative Output Characteristics

n[%]

100

99

98

97

96

95

94

93

92

o——o R|K6O020DPK(FET)

——=o RJH6O0F7ADPK(IGBT)

t"::*r._‘::.

[BAIERME ] Measuring Conditions

Continuous Conduction Mode Interleaved

f=35kHz

BREA yU—TJH7K

500 1000 1500

@OPFC ObO—5.PFC+SW O2BO—35 PFC Controllers, PFC + Switching Controllers

Vin=AC 200V ]
PFC IC:R2A20114A
I I I
2000 2500 3000
Pout[W]

Part No. Mode Vee Maximum Tj operation Peak Drive Current
RRZZAAZZO%%L\ Continuous Interleave 24V -40to +150°C —-1000mA (Source)/1000mA (Sink)
Part NO. VCES IC VCES(sat) Recommend Switching Frequency Features
RJH6088BDPK 600V 60A 2.75V =50KHz Ultrafast Switching: tf 50ns, Built-in FRD in TO3P
RJH60F4DPK 600V 60A 1.4V Up to 30KHz Fast Switching, Low Saturation Voltage
RJU6053TDPP-EJ 600V 20A - 150C Ultrafast diode reverse recovery time: Tr = 25 ns
RJU6054TDPP-EJ 600V 30A - 150C Ultrafast diode reverse recovery time: Trr = 25 ns
RJU6054SDPK-MO 600V 30A - 150C Ultrafast diode reverse recovery time: Trr = 25 ns

AVEFU—TARDERE—RD PFC @ R2A20114A TIIKE

FDOIF7 A THOT—ANIA VDN EIC KD A )U—1KREND,

@ERRD/NERIEICIDNARMEBREIANATELEZENS, B
AOCORNY OVHHETCO—IRNMECHRANBFO TVED,
T ORBHHOLEBELZEMHPOTI—AROVIHRICLOEE
ARORERG P, ERTE—NTHDIENORENFLEBEKRD
BRECOBWENFOND LML EZ DIEGREE

P15 OILTE
AL KD BTN S TNET

OT—=ARAIVINEUEIC KD TA)—FRE

Integral Mounting of Smaller Boost Coils

AVFU=TEICKDT—ARA VB KD, AN TAIVFEINEYLTERT ZD
fe& fEE. EIREREEARDIE CEMICERDMIDEEL TV e T—AI 1 )LD
BIR E[CRE TENICKDEFY IV IRNERL, ROEMR - I )LEECHRD

S0/ 1 TN KDY — VR IRANIRF TV AT LA I VAIRETT

Interleaved operation enables use of smaller boost coils and input filters. As a result, the boost
coils, which previously had to be mounted externally on the case, etc., can be mounted directly
on the power supply circuit board. This lowers the costs associated with mounting
components on the case and reduces electromagnetic noise from the wiring between the

board and coils. In turn, shielding costs are lowered and the overall system cost reduced.

e K
Conventional

BEIREErower Supply Board
AF1T4)U% Input Filter

Noise Radiation
Antenna Area

T—ARIA L AAZ,

Continuous Conduction
lode Single PFC IC

AUS LS
(EE{AEEIE) (Case Mounting)

@RKBHEFDEIREEM Circuit Stability a

Boost Coil BE ©

_ R2A20114ADES
077w

JT—2ZRJA)LD

EEIRERrower Supply Board | /|\BU{ L, EARELE

)L% Input Filter v
: JRRT Y
‘EMUECRL

Mounted on Board
* Lower Cost
* Reduced EMI

t High Power Levels

2D )VHIEIC K DALFERE)

A V5 —THIEIC KDIRITERE)

»

FETOY'— B &, MBOENR(YFVY

Parallel Drive with Single Control Independent Drive with Interleaved Control
P 1GBT 125 HSaHK sem
r;ancg:g K5 / Wreic Driver
m nterleave IGBT2
PFCIC | Driver | IGBT2 PEC IC S 2
Driver

Differences in the FET gate capacitances and threshold
values results in gaps in the switching timing.
causing current concentration in one of the FETs.

FAZVIDELED. FOFETICEREFTSD »

RIS K DT VINS Y 2D RREE Y
Independent control prevents the problem
of unbalance.

R 2

FIRPFETIRIRICED

This leads to oscillation and destruction of the FETs.

Smaller Boost Coils,

The R2A20114A continuous conduction mode interleaved PFC circuit
helps reduce costs in high-power applications such as air conditioners
and has come to be used even in low-price models because it enables
(@ integral mounting of smaller boost coils and @ use of cheaper,
general-purpose components with lower ratings. It has been widely
adopted due to its combined advantages, including 3 circuit stability
at high power levels, @ phase dropping to boost efficiency at light

loads and continuous conduction mode for low conduction loss at

high power levels, and ® high efficiency over a wide power range.

@B/ VEREIC K SN AREMEEmERA~ R2A20114A 2 ILF T — LB~

3KWEBIR 3kw Power Supply

3KWEBIR 3kw Power Supply

Use of Cheaper, General-Purpose Components with Lower Ratings: R2A20114A Multi-Phase Operation

ARENEIEDERREHFEARE IR ZRALE N EERET3IIL. ND—
FT YA FT—REDBREIDAELLD, B(CERIRL (FFHEmZED T
EEBRZERAICED ) R /NEYENIIREEEDE T,

When designing the power supply for a product with high power requirements,
employing an N-times approach that reuses a basic power design eliminates the
need to redesign components such as coils, power elements, and diodes. This
further lowers the cost of components (because standard parts can be used instead
of custom components) and contributes to compactness.

SkWEIR

3KW Power Supply

3kWEIR

3KW Power Supply

3kWEIR
3KW Power Supply

@ILENBEEHTOEME High Efficiency over Wide Power Range

BEFEREICHSVNT GD2 ZEIEStE (7T—AROVTHEE ). J2J)LaE
EYBHIETHEEG LAJRET. I N TOEABRHICHEVTEIENESNET .
GD2 is stopped in the light-load range (phase-drop function), resulting in single-channel opera-
tion and better efficiency. In this way high efficiency can be maintained in all power ranges.

SW BKNREME DNE ($5DEH)
BREHTEZ 71— X RO Y ThiEhI
Switching loss is the decisive factor and constructing
a phase-drop function with small components (half
the power) is advantageous.
7 =X ROy T8
Phase-Drop Operation

AV U—JEEE
FF v U RIVEHEDHA

Combination of Interleaved and
Single-Channel Operation

v
R2A20114A

BiERARH A
Conduction s the decisive factor
v
A vyU—J
Continuous Conduction
Mode Interleaved

Power Efficiency

B /

g
-

V A yU—T
Continuous
Conduction Mode
Interleaved

@ I
Continuous
Conduction
Mode Single

S ~< AFruEME
Single-Channel

Operation
o — >0 2k o
@7 SW AXF IGBT/FRD S+ 27w 1GBTs and FRDs for Full-Switching Configurations
REC ;yﬁpiet Recomriteaedbroducts P/N VCES (V) IC(A) Ve EED TVPW% tTyp. (ns) /Trr(ns) FRD ™
RJP6085DPN 600 40 2.65 Ic=40A 40 — TO-220AB
o RJP6085DPK 600 40 2.65 Ic=40A 40 — TO-3P
7o (Tf:%z_'lf Z’b’i’?i@z HBEESWS 1 7IGBT RIHE085BDPKA % 600 40 265 le=40A (40) PR sun | TO-3P
Actve Fering Tyme 3 g IGBTs RJH6086BDPK ¥ % 600 (45) (2.75) Ic=45A (45) P& guitin ~ TO-3P
(f = 50kHz or More) RJH6087BDPK K % 600 (50) (2.75) Ic=50A (50) P& suitin ~ TO-3P
RJH6088BDPKH Kk 600 (60) (2.75) Ic=60A (60) P guitin ~ TO-3P
RJH60F3DPK 600 40 1.4 1c=20A 92 P Buiin ~ TO-3P
RJH60FODPK 600 50 1.4 Ic=25A 90 A& guitin ~ TO-3P
RJH60F4DPK 600 60 14 1c=30A 95 P& suitin ~ TO-3P
RJH60F5DPK 600 80 1.37 Ic=40A 95 A& guitin ~ TO-3P
RJH60F6DPK 600 85 1.35 lc=45A 95 P& suitin ~ TO-3P
FHF4TTAIEHR2 RJH60F7ADPK 600 90 1.35 Ic=50A 95 PR suitin ~ TO-3P
(f=20kHzB11%) {EVCE(sat)¥ 1 7IGBT RJH60F3DPQ-A0 600 40 14 lc=20A 92 A& suiltin TO-247A
Active Filtering Type 2 Low VCE (sat;) IGBTs RJH60FODPQ-AO 600 50 1.4 Ic=25A 90 PR suiin -~ TO-247A
(f=20ktz or More) RJH60F4DPQ-AD 600 60 1.4 1c=30A 80 A& Buitin ~ TO-247A
RJH60T4DPQ-AO 600 60 1.7 1c=30A 72 A suitin ~ TO-247A
RJH60F5DPQ-AQ 600 80 1.37 Ic=40A 85 A Buitin ~ TO-247A
RJH60F6DPQ-AO 600 85 1.35 lc=45A 74 A& suilin ~ TO-247A
RJH60F7DPQ-AQ 600 90 135 Ic=50A 74 P& Buitin ~ TO-247A
{EVF RJU60C3TDPP-EJ 600 30 1.4 1c=30A 90 Single TO220FP-2L
FRD Low VF RJU60C6TDPP-EJ 600 50 1.4 Ic=50A 100 Single TO220FP-2L
Prer=tad RJU6053TDPP-EJ 600 20 25 1c=20A 25 Single TO220FP-2L
Ultrafast RJU6054TDPP-EJ 600 30 25 1c=30A 25 Single TO220FP-2L

KFTWER New product ok BAFEH Under development
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@ZF93 SW Partial-Switching

@7 +8NTS 547 YT Photocoupler Lineup

TRIAC BCR30VU—X
TRIAC BCR30 Series 11
AA
A @ Aix
a2 44
PS9306/9506
7% '\7]75 AT T O =
7 am| T4 ViR
EhotocoUplen HATEa00 Fin Tomp.
— uPC358
T+ MATS
Photocoupler
PS27XX
PS28XX
ESERIEA 3> i v
,_I/O - AVILvY <
A V-
Uty h IC Sreey | APC |4
Reset IC SUTIL A VI\—FliE
FREA g VAIIXVU—Z | 170 Outdfr:!ﬁf EntrolMCU PWM
S RNATsoxxseries |7 [oerial 1/0). compressor inverter Control
To Indoor Unit « Fan Motor Inverter Control
+ Error Detection

IGBTX6:RJH60DU—X
IGBT %6 :RJH60D Series

A )\—% [ Inverter Circuit

FeE
pir:r

MOSFETX6: RJL60Z U —X
MOSFETX6: RJL60 Series

ju b VA
Compressor

7=k
R IAY
Gate Driver
A RE
jcvd

A=)
Temp. Sensor
(Outside Air)

BE
Y
GB1%)

Temp.
Sensor
(Refrigerant)

V850, SH2. RXT 7=V fib

PS25xx¥U—X SHEEMmE(SkVrm.s.), 4p-DIP
N _ PS25xx Series High Insulation Voltage Tolerance (5kV r.m.s.), 4-Pin DIP
RARTANNTS PS27XXYU—X SBEMIE(3.75kVrm.s.). 4p-SOP
General-Purpose Photocouplers PS27xx Series High Insulation Voltage Tolerance (3.75kV rm.s.), 4-Pin SOP
=) == s EAEIRME(2.5kVr.m.s.). 4p-SSOP
%ﬁﬁi‘g O{LIT naltJ !Er:zllélz PSP%ZSB)X(;JellJes_Z P’Eh Insulation Voltage Tolerance (E’.Sk\/ rm.s.), 4-Pin SSOP
= - 770247, 1Mbps. 5p-SOP
BRIANTS PS8101 Analog Output, 1Mbps, SF-)Pin sgp
High-Speed Photocouplers PS9122 TI%)Li7]. 1Mbps. 5p-SOP
Digital Output, TMbps, 5-Pin SOP
PSZoxx/l) —X BHEETHE(5KVrm.s.). 4p-DIP
= = y N _ High Insulation Voltage Tolerance (5kV r.m.s.), 4-Pin DIP
~SA 7y TR RRITANNTS PS27xx/U—X SIEBTE3.75kVrm.s.). 4p-SOP
For TRIAC Control General-Purpose Photocouplers PS27xx Series High Insulation Voltage Tolerance (3.75kV r.m.s.), 4-Pin SOP
Sz SR E(2.5kVr.m.s.). 4p-SSOP
P%%zsaﬁ(sje:iJes A r-';_éh Insulation Voltage Tolerance (’23.5kv rm.s.), 4-Pin SSOP

PFC Circuit I/F

PFCEIEZDI.F

IGBTEREIR 74 b DTS

Photocouplers for IGBT Drive

PS9306 (6p-SDIP)
PS9506 (8p-DIP)

EHERRMIE (5kVrm.s.). 0.6A ]

High Insulation Voltage Tolerance (5kV r.m.s.), 0.6A Output
&/ X (CMR=25kV)
High Noise Tolerance (CMR=25kV)

OENEREHBA~IY SA4V7vT meu Lineup for Outdoor Unit Control

B AED Memory AAI?D:I(:jn}vE:e? 217U serial
BE B —
JY—X CPU [ERER AVN=FR5(T Nolr—3
Series '(\)/\S:r ating F(lKaé? Da(tliFBl)aSh %?é\;\ Inverter Timer 12-bit 10-bit SClI 12C SPI Package
Frequency
LQFP100
RX62T% RX 100  64~256 32/8 16/8 1~3 8 ch. 12 ch. 3 1 1 LQFP80
LQFP64
V850E/IF3 64 128/256 - 8/12 2 10 ch. 4 ch. 4/3* 1 - LQFP80
V850E/IG3 64 128/256 - 8/12 2 10 ch. 8 ch. 4/3* 1 - LQFP100
V850/E1
V850E/IG4 100  256/480 - 8/12 2 7 ch. 12 ch. 4/3* 1 - LQFP100
V850E/IH4 100  256/480 - 21 2 8 ch. 12 ch. 4/3* 1 - LQFP100
SH7149 80 256 = 8 2 = 12 ch. 3 - - LQFP100
SH-2
SH7146 80 256 = 8 2 - 12 ch. 3 - - LQFP80

OEFATIAMNTS—E

List of Photocouplers for Power Supplies

*FFET New Product  k*BiS Under Development sk UART/Z0voEHIZ UART/Clock Synchronous

DC lﬁ/yyﬁ)b Tr H:.'ﬁ@*fj’(/ﬁﬂﬁiﬁffﬁiﬁm?n) DC Input/Single-Transistor Output Type (Products Conforming to Overseas Various Safety Standards)

@OPFC 88 IGBT PFC block, IGBTs
VCE Ic(A) Veesan(V) tf(ns) (Inductive Load)

Part No. V) 25¢C 100C typ. Ic(A) Vee(V) typ. Ic(A) Vee (V) HER Package
RJP60DODPM 600 45 22 1.6 22 15 70 22 300 NO TO-3PFM
RJP6OFODPM 600 50 25 1.4 25 15 90 30 300 NO TO-3PFM
RJP60OFADPM 600 60 30 1.4 30 15 82 30 300 NO TO-3PFM
RJP6OF5DPM 600 80 40 1.37 40 15 85 30 300 NO TO-3PFM
RJP60VODPM 600 45 22 15 22 15 70 22 300 NO TO-3PFM

Q@I71Y J7VE—Y AVIN—9IFHIGBT/MOSFET Inverter IGBTs/MOSFETS for air conditioner fan motors
IGBT
Ic(A) IGBT Diode
Part No. V& Veesan(V) tf(ns) tscus)  IF(A) | Ve(V) | trr(ns)  Package
25C 100C typ. Ic(A) typ. Ic(A) typ. 25C | typ. typ.
RJH60A01RDPD-EO 600 10 5 1.8 5 80 5 5 5 2.1 120 TO-252
RJH60A81RDPD-EO 600 10 5 1.8 5 80 5 5 5 1.8 150 TO-252
RJH60A83RDPE 600 20 10 1.8 10 80 10 5 10 1.8 150 LDPAK(S)
RJH60A83RDPN-EO 600 20 10 1.8 10 80 10 5 10 1.8 150 TO-220ABS
RJH60A83RDPP-MO 600 20 10 1.8 10 80 10 5 10 1.8 150 TO-220FL
RJH60A83RDPD-EO 600 20 10 1.8 10 80 10 5 10 1.8 150 TO-252
RJH60A85RDPE 600 30 15 1.8 15 80 15 5 15 1.8 150 LDPAK(S)
RJHE60A85RDPN-EOQ 600 30 15 1.8 15 80 15 5 15 1.8 150 TO-220ABS
RJH60A85RDPP-MO 600 30 15 1.8 15 80 15 5 15 1.8 150 TO-220FL
MOSFET
Part No. \/[B]SS [ﬁ RmDai([?)r]‘) ([:\'/5]5 Package

RJL5012DPP-EO 500 12 0.7 1050 TO-220FP

RJL5013DPP-EO 14 0.51 1400

RJL5014DPP-EO 19 0.4 1700

RJL6012DPP-EQ 600 10 1.1 1050

RJL6013DPP-EO 11 0.81 1400

RJL6014DPP-EO 15 0.635 1700

RJL5032DPP-MO 500 3 2.5 265 TO-220FL

RJL5012DPP-MO 12 0.7 1050 (Full Mold)

RJL6032DPP-MO 600 2 3.7 265

RJL5012DPE 500 12 0.7 1050 LDPAK-S

RJL5013DPE 14 0.51 1400

RJL6012DPE 600 10 1.1 1050 ﬁ

RJL6013DPE 11 0.81 1400

21

Rating Characteristics
Package Part No. BV . VCEO c Current Transfer Ratio (CTR) s?fety Standards
@1 minute V) (mA) Rank MIN. MAX. IF VCE GCBHNRERIR)
(kVr.m.s) (%) (%) (MA) V) (Overseas Safety Standards)

4-Pin-LSOP PS2381-1 *1) 5 80 50 W 130 260 5 5 UL,CSA,SEMKO

L 100 300 5 5 cQc

M 50 150 5 5 VDE(Option)

N 50 400 5 5
4-Pin-DIP PS2561D-1 *2) 5 80 50 L 200 400 5 5 UL,CSABSI
4-Pin-DP(LF) PS2561DL-1 W 130 260 5 5 SEMKO,NEMKO
4-Pin-DP PS2561DL1-1 Q 100 200 5 5 DEMKO,FIMKO
4-Pin-DP(LF) PS2561DL2-1 H 80 160 5 5 CQC

N 50 400 5 5 VDE(Option)
4-Pin-SOP PS2701A-1 375 70 30 P 150 300 5 5 UL,CSA,

L 100 300 5 5 VDE(Option)

M 50 150 5 5

N 50 300 5 5
4-Pin-SOP PS2761B-1*2) 375 70 40 K 200 400 5 5 UL,CSABSI

L 100 300 5 5 SEMKO,NEMKO

M 50 150 5 5 DEMKO,FIMKO

N 50 400 5 5 CQC,VDE(Option)
4-Pin-SSOP PS2801C-1 25 80 30 P 150 300 5 5 UL.CSA,

L 100 300 5 5 VDE(Option)

M 100 400 5 5

N 50 400 5 5
4-Pin-SSOP PS2861B-1 *2) 375 70 50 L 100 300 5 5 UL,CSA,BSI

M 50 150 5 5 SEMKO,CQC

N 50 300 5 5 VDE(Option)

*1)Ta=115C{RaE (Guarantee) Ta = 115°C (Guaranteed)

*2)Ta=110C{RaE (Guarantee) Ta = 110°C (Guaranteed)
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Power supply system
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Renesas Electronics Corporation

Notes:

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software, and
information in the design of your equi Renesas assumes no ibility for any losses incurred by you or third parties arising from the use of these circuits, software, or information

2. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such information s error free. Renesas Electronics assumes no liabilty whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

3. Renesas Electronics does not assume any liability for infri of patents, hts, or other i property rights of third parties by or arising from the use of Renesas Electronics products or technical information described in this document. No
license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You should not alter, modily, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibillty for any losses incurred by you or third parties arising from such altration,

copy or otherwise mi ion of Renesas ics product.
5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The recommended applications for each Renesas Electronics product depends on the product’s qualty grade, as indicated below.
"Standard":  C ; office test and i audio and visual equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.
Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems, surgical implantations etc.), or may cause serious property
damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas Electronics product before using it in a particular application. You may not use any Renesas Electronics product for any application for
which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas Electronics.

6. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximurm rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the use of Renesas Electronics products beyond such specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas
Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for aging ion or any other iate measures. Because the evaluation of
microcomputer software alone is very difficult, please evaluate the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the ibility of each Renesas product. Please use Renesas Electronics products in compliance with all applicable laws and
regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with applicable laws and
regulations.

9. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or regulations. You should not use Renesas
Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the development of weapons of mass destruction. When exporting the Renesas Electronics
products or technology described in this document, you should comply with the applicable export control laws and regulations and follow the procedures required by such laws and regulations.

10.  Itis the responsibilty of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, o otherwise places the product with a third party, to notify such third party in advance of the contents and conditions set forth in this document,
Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics products.

1. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12.  Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.

(Note ) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note2)  "Renesas Electronics product(s)" means any product or by o for Renesas
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