@Microsemi@ APT5010JLLU3

POWER PRODUCTS GROUP

VDSS =500V
Rpson = 100mQ max @ Tj = 25°C
Ip = 41A @ Tc = 25°C

ISOTOP® Buck chopper
MOSFET Power Module

Application
e AC and DC motor control
e Switched Mode Power Supplies

Features

e Power MOS 7° MOSFETs
- Low RDSon
- Low input and Miller capacitance
- Low gate charge
- Fastintrinsic reverse diode
- Avalanche energy rated
- Veryrugged

e ISOTOP" Package (SOT-227)

e Very low stray inductance

e Highlevel of integration

Benefits
e Outstanding performance at high frequency operation
e Direct mounting to heatsink (isolated package)
e Low junction to case thermal resistance
e Veryrugged
e Low profile
e RoHS Compliant

Absolute maximum ratings

Symbol Parameter Max ratings Unit
Vbss Drain - Source Breakdown Voltage 500 \'%
Ip Continuous Drain Current i:; égog 431(1) A
Ibm Pulsed Drain current 164
Vs Gate - Source Voltage +30 \%
Rpson Drain - Source ON Resistance 100 mQ
Pp Maximum Power Dissipation ‘ T.=25°C 378 \\%
Iar Avalanche current (repetitive and non repetitive) 41 A
Ear Repetitive Avalanche Energy 50 ml
Eas Single Pulse Avalanche Energy 1600
IFov | Maximum Average Forward Current | Duty cycle=0.5 | Tc = 80°C 30 A
IFrms RMS Forward Current (Square wave, 50% duty) 39
e A

7 La CAUTION: These Devices are sensitive to Electrostatic Discharge. Proper Handing Procedures Should Be Followed.
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All ratings @ T;= 25°C unless otherwise specified

Electrical Characteristics

Symbol Characteristic Test Conditions Min Typ Max Unit
. Vs =0V, Vps =500V | T;j=25°C 100
Ipss Zero Gate Voltage Drain Current Gs DS J pA
VGS = OV,VDS =400V T_] =125°C 500
Rpseny | Drain— Source on Resistance Vgs =10V, I =23A 100 | mQ
Vs | Gate Threshold Voltage Vgs = Vps, Ip =2.5mA 3 5 A%
Igss Gate — Source Leakage Current Vgs =220V, Vps =0V +100 | nA
Dynamic Characteristics
Symbol Characteristic Test Conditions Min Typ Max Unit
Ciss Input Capacitance Vgs =0V 4360
Coss Output Capacitance Vps =25V 894 pF
Ciss Reverse Transfer Capacitance f=1MHz 60
Qq Total gate Charge Vs = 10V 96
Qgs Gate — Source Charge Vpys =250V 24 nC
Qu | Gate — Drain Charge Ip=41A @ T,=25°C 49
T4@n) | Turn-on Delay Time Resistive switching @ 25°C 11
T, Rise Time Vas = 15V 15
: Vius =250V ns
Ty | Turn-off Delay Time Ip=41A @ T;=25°C 25
T¢ | Fall Time Rg=0.6Q 3
Eon | Turn-on Switching Energy Inductive Switching @ 25°C 543
. Vius = 330V, Vgs=15V ul
Eoff | Turn-off Switching Energy =46 A, Rc=5Q 509
Eon | Turn-on Switching Energy Inductive Switching @ 125°C 843
. . Vbus = 330V, VGS=15V HJ
Eofr | Turn-off Switching Energy =46 A, R¢=5Q 593
Chopper diode ratings and characteristics
Symbol  Characteristic Test Conditions Min Typ Max Unit
Ir=30A 1.6 1.8
VE Diode Forward Voltage Ir=60A 1.9 \%
Ir=30A T;=125°C 1.4
. Vr=600V T;=25°C 250
Irm Maximum Reverse Leakage Current V=600V T, =125°C 500 LA
Cr Junction Capacitance Vr=200V 44 pF
. I[=1A,Vg=30V _hco
. Reverse Recovery Time di/dt=100A/us Tj=25°C 23 N
Reverse Recovery Time 1= 25°C 85
Y T,= 125°C 160
Ir=30A 950
Irrm | Maximum Reverse Recovery Current | v, =400V 1:11 122555(:: g A
di/dt =200A/ps Tj__ g 0
Qun Reverse Recovery Charge 1 nC
T;=125°C 700
ter Reverse Recovery Time I =30A 70 ns
Qu Reverse Recovery Charge V}{ =400V Tj=125°C 1300 nC
Irrm Maximum Reverse Recovery Current di/dt =1000A/ps 30 A
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Thermal and package characteristics
Symbol Characteristic

Min Typ Max Unit

. . MOSFET 0.33
Ruyc | Junction to Case Thermal Resistance - o
Diode 1.21 | °C/W
Riya | Junction to Ambient (IGBT & Diode) 20
Visor | RMS Isolation Voltage, any terminal to case t =1 min, I isol<ImA, 50/60Hz 2500 \Y
T),Tstg | Storage Temperature Range -55 150 oC
T Max Lead Temp for Soldering:0.063” from case for 10 sec 300
Torque | Mounting torque (Mounting = 8-32 or 4mm Machine and terminals = 4mm Machine) 1.5 N.m
Wt Package Weight 29.2 g
Typical MOSFET Performance Curve
0.35 | |
= 09 T
£ 030 H
5 TH
B ______-._————-""'"'. 111
W o285 e R - Lt
- | = Prd
& RN — P
w020 — -
= 08 L 1] // e
I 015 ] A T L]
= — al N
e 03 LT L Bl |
£ 010 ¢ 7 le—zun—-0un T
(&}
W oos ,,-// Duty Factor D =i,
e T+ Peak T)=Ppop « Zgyc + T M
. T SINGLEPULSE L DMeR ©
0 5 — | 1 1] L L
0% 10 1 102 g 10
RECTANGULARPULSE DURATION(SECONDS)
FIGURE 1, MAXIMUMEFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION
120 :
1BatoV L7 gv”
|
— 100 /=
RC MODEL $ / - i,
temp. ("C) E g0 A —
< / —
0.0196F = -
Power E il __6.AV-
(Watts) I 4 / —T1
0.381F = 40 = = &
Case temperature —— E_ 20 = —
(a] —_ J
i s
o 5 10 15 20 25 @

FI%SRE 2, TRANSIENT THERMAL IMPEDANCE MODEL

—r—r——r—— T
Vpg= I (OM)E Rpg (ONJMAX] ﬁ"
90  250ySEC. PULSE TEST

@ <0.5% DUTY CYCLE
a0

ID,DRJ!\II'\CZL,RREI\T (AMPERES)
=]

o T, 125°C
=+125°

20 |"I T _IL? T)=-55°C —
T, :+25’C,—-J.:" /

10 Y T

ol 11| I/

01 2 3 4 5 6 7 8 9 10

Vs, GATE-TO-SOURCEVOLTAGE (VOLTS)
FIGURE4, TRANSFER CHARACTERISTICS

-

MRESISTANC

SEC

C

M), DRAIN-TO-SOUR

C

RDS[

Vs DRAIN-TO-SOURCEVOLTAGE (VOLTS)

FI?[QJRE 3, LOW VOLTAGE OUTPUTCHARACTERISTICS

NORMALIZED TO
1.15 Vag = 10V @ 234
110 |

VEs=1OV N
105
N Vgg=20v
100 L=
0.95
0.00
0 20 a0 &0 20

I, DRAIN CURRENT (AMPERES)
FIGURE 5, R, (ON) vs DRAIN CURRENT

APT5010JLLU3 —Rev 1 June, 2006



Microsemi. APT5010JLLU3

POWER PRODUCTS GROUP

45 115
40 2
_ = 110
g = =
]
5 38 105
3 i g
= 2 2
= \ €z 100
g 2 g
= e
3 & AN 08 os
z g
= \ < 5
o 10 e g
=] \ S~ poo
] 5 4
=
0 D pss
25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
T, CASETEMPERATURE('C) T, JUNCTIONTEMPERATURE("C)
FIGURE 6, MAXIMUM DRAIN CURRENT vs CASE TEMPERATURE FIGURE 7, EREAKDOWN VOLTAGE vs TEMPERATURE
25— 12
H ID-25‘\
4 M Veg-10v <
a 1.1
w 20 ol
i I
I 5 10
z D
OF 15 Za
gH T
= ra =
®E 10 D=
68 £ &
EZ £z 08
:
o 05 E
a B 07
g. =
Qo0 06
o 50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
T . JUNCTIONTEMPERATURE (*C) T CASETEMPERATURE("C)
FIGURES, ON-RESISTANCE vs. TEMPERATURE FIGURE9, THRESHOLD VOLTAGE vs TEMPERATURE
176 A 20,0ud
LI [

100 = LIMITEDEY R g (ON) = 1D.GDD =
= — 7', S Ciss
il AN ~——100uS
o AN
& N g N
z A N & 1.000 CossS
E d z - =
i N B R
T 1 - ¢ X

. ——1mS q
3 % \
z = S 10
o = Cras J
=) To=+25C < 10mS
= [|T)=+150°C
, |lsiNeLerPuLsE 10
1 10 100 500 0 10 20 £l 40 50
Vo DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vo, DRAIN-TO-SOURCE VOLTAGE (VOLTS)
5 FIGURE 10, MAXIMUMSAFE OPERATING AREA FIGURE 11, CAPACITANCE vs DRAIN-TO-SOURCE VOLTAGE
: 200 ——
o p - 46A ‘ \-"DS:1DO\-"|—- = ==y
= ! # 100 o]
o Voe=260V — w
DS
s 1 s
5] E’
g _ _ & LT, =+150°C
O \"DS=4UC|\" % T‘-I =+25"C
> i
) 3 =1
(&) L |
s =z 10 d
p= = i
[} a 7 /
g G | ]
E 4 - f
LII—IJ ﬁ 'I |II
B & |

1 !
0 20 40 60 80 100 120 140 0.3 05 07 0.9 1.1 13 15

Qg TOTALGATE CHARGE(NC) VSD= SOURCE-TO-DRAINVOLTAGE (VOLTS)
FIGURE12, GATE CHARGES vs GATE-TO-SOURCEVOLTAGE FIGURE 13, SOURCE-DRAIN DIODE FORWARD VOLTAGE

WWww.m

APT5010JLLU3 —Rev 1 June, 2006



Microsemi.

*  POWER PRODUCTS GROUP

APTS010JLLU3

and I:o_ff (TN}

|:On

byany @09 by (NE)

® |
70 Loy
&0
VD: - 330V
50 HRg - 52
T, - 125°C
40 He - 1o0pm
30
20 -
10—
0
10 20 30 40 =0
&
FIGURE 14, DELAY TIMES vs CURI
1500 ; T
\.'DD = 330V
RS = 50
1200 _TJ =125°C
L = 1D0pH =
ECN Incluges _V
dlode reverse recavery
400 / //
600
e
300 //
£
0 — |
10 20 30 40 50

FIGURE 16, SWITCHING ENERGY vs CURRENT

Io (A)

Typical Diode Performance Curve

LA Vg - 230V
=] [
T, =125°C
all™
L - 100uH /
70 /
T 60 .
= w yd
T e
5__ 40 P t
an
20 /
10
0
10 20 a0 40 a0 60 70
I (A
FIGURE 15, RISE AND FALL TIMES vs CURRENT
2500 s
Vpp - 330V
e
B e
g écN ncludes /
z‘a dlone revarse ressvery Eofr/
£ 1500
| ]
i / _.____.--"""'.'.‘
1T LT Een
4 | —
< 1000
&) L
= /|
« 500
0 L L
0 5 10 15 20 25 30 35 40 45 =0

R, GATERESISTANCE (Ohmsg)

FIGURE 17, SWITCHING ENERGY VS. GATE RESISTANCE

1.40

= 120 s
= 09 — T
. 1T “/
8 1.0 I
o feete=t=T"T"TT1 -
< .7 | T __',..--‘/;;a
o 08 = L
w 1 A
o
= 05 aaii —"1 Note
> 0.6 = = =0 -
% __,,—""""-‘ | E'I —ti
H 04 0.3 1l — ;i_:ﬂ. = ay | i
I l— 1
= ar‘/"’"""f 2

g 02 0.1 ’_’:"/ Duty Factor D = t‘.'t: 1}
N hoe ______:___'_-__-.-—- SINGLE PULSE Peak T, =Ppm*Zauc+* T

0 L 1 LI | LI 1 T
109 10 102 102 10-1 1.0

RECTANGULAR PULSE DURATION (seconds)
FIGURE 1a. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs. PULSE DURATION

RC MODEL

Juniction
temp(*C)

0.320 *C/w = 0.00278 J°C

D.0421.0°C

Power r
(watts)

—/

0.375 *C/wW 0242 Jr°C

Case temperature("C)—* *

i

FIGURE 1b, TRANSIENT THERMAL IMPEDANCE MODEL

APT5010JLLU3 —Rev 1 June, 2006



& s Microsemi. APT5010JLLU3

POWER PRODUCTS GROUP
100

200
T =125°C
/// AN | ! \.fJR=4c:|\.-
60A
80 j 160 /

w
. g N\
=
i > Y
: /
& < \ 30A
2 &0 7 é 120 N /
< T,=150°C o \ — 15A_|
<
E | / i I~/
2 At | 2 80 ~
Q T)= 125°C—! / g L
L / 7— T;=25°C = T
20 | 3 40
& VT, = 55°C -
0 / / | 0
0] 0.5 1.5 2 25 0] 200 400 500 800 1000 1200
Vg, ANODE-TO-CATHODE VOLTAGE (V) -dig/dt, CURRENT RATE OF CHANGE(A/Us)
Figure 2. Forward Current vs. Forward Voltage Figure 3. Reverse Recovery Time vs. Current Rate of Change
1800 35
£ |
w
G50A
E_f:; 1600 E a0 I
<
I 1400 =
5
~ S 4
o 1200 x /
- S Z -
O = 1000 3_
o 8= L~
w £ &= / 30A
o 800 = 15
3 2 Y&
€ 600 iy o ™ 154
= i 7
& 400 2
= = Fil
] 200 E
0 0
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
-dig/dt, CURRENT RATE OF CHANGE (A/us) -dig/dt, CURRENT RATE OF CHANGE (A/js)
Figure 4. Reverse Recovery Charge vs. Current Rate of Change Figure 5. Reverse Recovery Current vs. Current Rate of Change
12 T v 50 D le=0.5
ity oyele = 0.
i &? T,=1860°C |
o \
2 = 40 <
w s
<
% g 08 Qpy // \
5 N \// g ® S
o <
oy 06 = 2 \
=N / /\_ £ \
hT IarM et
Z E pa4a /
=5 /
a2z N
5
0.2 10
0.0 0 L
1] 25 50 75 100 125 150 25 50 T 100 125 150
T,. JUNCTION TEMPERATURE (*C) Case Temperature (*C)
Figure 6. Dynamic Parameters vs. Junction Temperature Figure 7. Maximum Average Forward Current vs. CaseTemperature
400 \
350
w N
[&]
Z 300
E
2
x 250
Sc
S5 200 AN
Q \\\
5 180 -
=
=]
o 100 \‘
& N
50 M|
0
T 10 100 200

Vg, REVERSE VOLTAGE (V)
Figure 8. Junction Capacitance vs. Reverse Voltage

APT5010JLLU3 —Rev 1 June, 2006

www.microsemi.com 6-7




& s Microsemi. APT5010JLLU3

POWER PRODUCTS GROUP

|—E{Pr
APT5018BLL

18V — — dig/dt Adjust |

30uH

D.U.T.

PEARSON 2873
CURRENT
TRANSFORMER

Figure 9. Diode Test Circuit

@ - - Forward Conduction Current

e dig/dt - Rate of Diode Current Change Through Zero Crossing. J’.
Zero— — —A—x———5——————

o lzmy - Maximum Reverse Recovery Current.

current goes from positive to negative, to the point at which the straight
line through oz, and 0.25¢1,, passes through zero.

o t;r - Reverse Recovery Time, measured from zero crossing where diode |

-@-
o Qyy - Area Under the Curve Defined by Igg,, and tp.

Figure 10, Dicde Reverse Recovery Waveform and Definitions
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ISOTOP® is a registered trademark of ST Microelectronics NV
Microsemi reserves the right to change, without notice, the specifications and information contained herein

Microsemi's products are covered by one or more of U.S patents 4,895,810 5,045,903 5,089,434 5,182,234 5,019,522
5,262,336 6,503,786 5,256,583 4,748,103 5,283,202 5,231,474 5,434,095 5,528,058 and foreign patents. U.S and Foreign patents pending. All Rights Reserved.
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CraHpapT
INeKTpPOoH
ﬂ CBAA3b

Mbl MOf04aA M aKTUBHO Pa3BMBAIOLLAACA KOMMAHWA B 061acTM  MOCTaBOK
3NEKTPOHHbIX KOMMOHEHTOB. Mbl NOCTAaBASEM  3/IEKTPOHHbIE  KOMMOHEHTbI
OTEYEeCTBEHHOIrO U MMMOPTHOIO NMPOWU3BOACTBA HAMPAMYIO OT NPOU3BOAMUTENEN U C
KpYMHEMLWKNX CKNaZ0B MUpa.

Enaro,a,apﬂ coTpygHn4ecTtesy C MMpPOBbIMU NOCTaBWMKaMWN Mbl OCYLLECTBIAEM
KOMMNNEKCHbIE N NN1aHOBblE MNMOCTABKU LumpoqaﬁLuero CNEeKTpa 3/1EKTPOHHbIX
KOMMOHEHTOB.

CobcTtBeHHan 3¢p@eKTUBHAA NOrMCTUKA M CKNag B obecneunBaeT HageKHYHo
MOCTaBKy MNPOAYKLMM B TOYHO YKa3aHHble CPOKM Mo Bcel Poccum.

Mbl ocyuiecTBisem TEXHUYECKYI0 MNOALEPKKY HAWWM  K/IMEHTaMm U
npeanpoaaxkHyto NPOBEPKY KayecTsa NpoayKumu. Ha Bce noctaBnsiemble NpoAyKTbl
Mbl MPEAOCTaBASEM TFAPaAHTUIO .

OcyuwiectBndem nNOCTaBKM NpoOAYKUMM nog, KoHTponem Bl MO PO Ha
npeanpuATUA BOEHHO-NPOMbIWIEHHOTO KoMnaekca Poccuun , a TakKe paboTtaem B
pamkax 275 ®3 c OTKpbITUEM OTAE/bHbIX CHETOB B YNONHOMOYEHHOM BaHKe. Cuctema
MeHeXMeHTa KayecTBa KomnaHum cooTBeTcTByeT TpeboBaHuam FOCT ISO 9001.

MWHUMaNbHbIE  CPOKM  MNOCTAaBKW, TMOKME  UeHbl, HeorpaHWYeHHbIN
aCCOPTUMEHT UM WHAMBMAYANbHbLIN MNOAXOA K KAMEHTaM ABAAIOTCA OCHOBOW ANA
BbICTPAMBaHMA A0FOCPOYHOIO M 3GPEKTUBHOIO COTPYAHMYECTBA C NPEeANPUATUAMM
PaANO3NEKTPOHHOMW NPOMBIWAEHHOCTU, NPEeanPUATUAMM BMNK u HayuHo-
nccnenoBaTeNbCKUMKU MHCTUTYTaMm Poccun.

C Hamu Bbl CTAaHOBMUTECH elle ycnewHee!

[HaLLIM KOHTAKTbI: \

TenedoH: +7 812 627 14 35

dNeKTpPOHHaA nouTa: sales@st-electron.ru

Appec: 198099, CaHkT-MNeTepbypr,
MpomblwneHHasa yn, gom Ne 19, nutepa H,
nometleHune 100-H Oduc 331
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