Data Sheet No. PD60235

International
TSR Rectitier IPS1011(S)(R)
INTELLIGENT POWER LOW SIDE SWITCH

Features Product Summary

Optimized Turn On/Off for EMI
Diagnostic on the input current

e  Over temperature shutdown

e  Over current shutdown

«  Active clamp Rds(on) 13mQ (max.)
e Low current & logic level input Vclamp 36V

e ESD protection Ishutdown  85A (typ.)

[ ]

Description Packages
The IPS1011(S)(R) is a three terminal Intelligent Power
Switch (IPS) that features a low side MOSFET with over-
current, over-temperature, ESD protection and drain to | g
source active clamp. This device offers protections and
the high reliability required in harsh environments. The \\
switch provides efficient protection by turning OFF the \Q:h
power MOSFET when the temperature exceeds 165°C or

when the drain current reaches 85A. The device restarts
once the input is cycled. A serial resistance connected to TO-220 D2Pak D-Pak
the input provides the diagnostic. The avalanche capability IPS1011 IPS1011S IPS1011R
is significantly enhanced by the active clamp and covers
most inductive load demagnetizations.
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Infernational IPS1011(S)(R)

ISR Rectifier

Absolute Maximum Ratings
Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage parameters
are referenced to Ground lead. (Tambient=25°C unless otherwise specified).

Symbol Parameter Min. | Max. | Units
Vds Maximum drain to source voltage -0.3 36 \
Vds cont. Maximum continuous drain to source voltage - 28 \
Vin Maximum input voltage -0.3 6 \
Isd cont. Max diode continuous current (limited by thermal dissipation) — 5 A
Maximum power dissipation (internally limited by thermal protection)
Pd Rth=5°C/W IPS1011 — 25 W
Rth=40°C/W IPS1011S 1" sqr. footprint — 3.1
Rth=50°C/W IPS1011R 1" sqr. footprint — 25
Electrostatic discharge voltage (Human body) C=100pF, R=1500Q
Between drain and source — 4
ESD Other combinations — 3 KV
Electrostatic discharge voltage (Machine Model) C=200pF,R=0Q
Between drain and source — 0.5
Other combinations — 0.3
Tj max. Max. storage & operating temperature junction temperature -40 150 °C
Tsoldering Lead soldering temperature (10 seconds) — 300 °C

Thermal Characteristics

Symbol Parameter Typ. | Max. | Units
Rthl Thermal resistance junction to ambient IPS1011 TO-220 free air 50 —
Rth2 Thermal resistance junction to case IPS1011 TO-220 1.2 —
Rthl Thermal resistance junction to ambient IPS1011S D2Pak std. footprint 60 —
Rth2 Thermal resistance junction to ambient IPS1011S D2Pak 1" sqr. footprint 40 — C/W
Rth3 Thermal resistance junction to case IPS1011S D?Pak 1.2 —
Rthl Thermal resistance junction to ambient IPS1011R D-Pak std. footprint 70 —
Rth2 Thermal resistance junction to ambient IPS1011R D-Pak 1" sqr. footprint 50 —
Rth3 Thermal resistance junction to case IPS1011R D-Pak 1.2 —

Recommended Operating Conditions

These values are given for a quick design. For operation outside these conditions, please consult the application notes.

Symbol Parameter Min. | Max. | Units
VIH High level input voltage 4.5 5.5
VIL Low level input voltage 0 0.5
Ids Continuous drain current, Tambient=85°C, Tj=125°C, Vin=5V
Rth=5°C/W IPS1011 — 18 A
Rth=40°C/W IPS1011S 1" sqr. Footprint — 6.5
Rth=50°C/W IPS1011R 1" sqr. Footprint — 6
Rin Recommended resistor in series with IN pin to generate a diagnostic 0.5 10 kQ
Max L Max recommended load inductance (including line inductance) (1) — 5 uH
Max F Max frequency (switching losses = conduction losses) — 200 Hz
Max t rise Max Input rising time — 1 us

(1) Higher inductance is possible if maximum load current is limited - see figure 11
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International
ISR Rectifier

IPS1011(S)(R)

Static Electrical Characteristics
Tj=25°C, Vcc=14V (unless otherwise specified)

Symbol Parameter Min. | Typ. | Max. | Units | Test Conditions
Rds(on) ON state resistance Tj=25°C — 10 13 _— _
ON state resistance Tj=150°C (2) — 19 25 mQ | Vin=5V, Ids=30A

Idssl Drain to source leakage current — 0.1 10 A Vce=14V, Tj=25°C

Idss2 Drain to source leakage current — 0.2 20 H Vcee=28V, Tj=25°C

V clampl Drain to source clamp voltage 1 36 39 — Id=20mA

V clamp2 Drain to source clamp voltage 2 — 40 42 v Id=5A

Vin clamp IN to source pin clamp voltage 5.5 6.5 7.5 lin=1mA

Vth Input threshold voltage — 1.7 — Id=10mA
Switching Electrical Characteristics
Vce=14V, Resistive load=0.5Q, Rinput=509, Vin=5V, Tj=25°C

Symbol Parameter Min. | Typ. | Max. | Units | Test Conditions

Tdon Turn-on delay time to 20% 15 50 150

Tr Rise time 20% to 80% 20 50 100 S See figure 2

Tdoff Turn-off delay time to 80% 100 | 330 | 1000 | M 9

Tf Fall time 80% to 20% 30 70 150

Eon + Eoff Turn on and off energy — 5 — mJ
Protection Characteristics

Symbol Parameter Min. |Typ. |Max. | Units | Test Conditions

Tsd Over temperature threshold 150(2)| 165 — °C See figure 1

Isd Over current threshold 60 85 110 A See figure 1

oV Over voltage protection (not active when 34 37 — \%

the device is ON )

Vreset IN protection reset threshold — 1.7 — \

Treset Time to reset protection 15(2) 50 200 ys Vin=0V
Diagnostic

Symbol Parameter Min. | Typ. | Max. | Units | Test Conditions

lin, on ON state IN positive current 15 32 70 Vin=5V

lin, off OFF state IN positive current 150 230 350 HA Vin=5V

(after protection latched )

(2) Guaranteed
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Infernational IPS1011(S)(R)

ISR Rectifier

Lead Assignments

2 - Drain
m 2 - Drain
1-In
2-D
3-S
123
D2Pak — D Pak
12 3
TO220
Functional Block Diagram
All values are typical
DRAIN
1
37v
|N|: 750 o I 43V
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g
N
1> Isd
1
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Infernational IPS1011(S)(R)

ISR Rectifier

All curves are typical values. Operating in the shaded area is not recommended.

t<Treset  t>T reset e Y (e T
____________________________________ Vin /
WY —————————— e —— k- —————
Ti Ids / \
Tsd 20% = = — — I N -

K ———

165°C] Tdon Td off
Tr f
S JEN
Vdiag Vds \
Figure 1 — Timing diagram Figure 2 — IN rise time & switching definitions

X T clamp
Vin
Rem : During active clamp,
Vload is negative
lds
A T et r——
IN
5V
Vin
Vds S F S — A N oV y lds
See Application Notes to evaluate power dissipation
Figure 3 — Active clamp waveforms Figure 4 — Active clamp test circuit
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Infernational IPS1011(S)(R)

ISR Rectifier

200% 200%
) ) A
< Qo /
IS 8 /
%] 2]
? 150% D
0] O]
o T 150%
c o
o] = (@] =
gg oo 8 8 7
S = S = /
] o8 /I
G £ } E %
[-B-] 23 100% g
TS s0% T2 ’ /
& & P
=) =) /
s 0% s
3 0 1 2 3 4 5 6 3 50%
o x -50 0 50 100 150
Vin, input voltage (V) Tj, junction temperature (°C)
Figure 5 — Normalized Rds(on) (%) Vs Input Figure 6 - Normalized Rds(on) (%) Vs Tj (°C)
voltage (V)
140%
120% |
S
- 1w00% [ o —— |
- 2
c (=]
2 g 8% |
2 5
3 S 60% |
= (0]
=} N
° T 40% |
3 " £
I limit e 20%
| shutdown 9
- 0% . .
-50 0 50 100 150
Vin, input voltage (V) Tj, junction temperature (°C)
Figure 7 — Current limitation and current Figure 8 — Normalized | shutdown (%) Vs
shutdown Vs Input voltage (V) junction temperature (°C)

www.irf.com 6



Infernational IPS1011(S)(R)

ISR Rectifier
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Figure 13 — Input current (pA) On and Off
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www.irf.com

IPS1011(S)(R)

200
180
160
140
120
100
80
60
40
20

Vin, input voltage (V)

Figure 14 — Over temperature shutdown (°C)
Vs input voltage (V)



International
R Rectifier
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Case Outline — TO-220 AB

IPS1011(S)(R)

2.54 (.100)
2%

NOTES
1 DIMENSIONING & TOLERANCING PER ANSI ¥14.5M, 1882

2 COMTROLLING DIMENSION : INCH

g 378 (143) [E-]
287 (113) 1029 (.405) /—925354 13 4BS (185)
ey w T s
3 7 (.255) i
[ B 610 (.240)
15.24 (500) 1
14.84 (584)
1.15 (,048) LEAD ASSIGNMENTS
MIN 1-GATE
3 | 2- DRAIN
3-SOURCE
| 4- DRAIN
406 (.160)
355 (.140)
0.93 (037) 0.55 (022
=3 g (027) ~t EXDAEE wsg
(&l 036 (o1 (A[6[A ] 28 (115)
= 284 (104)

3 OUTUINE CONFORMS TOJEDEC OUTLINE TO-220-AB
4 HEATSINK & LEAD MEASUREMENTS DO NOT INCLUDE BURRS.
§ LEADS ARE SOLDER DIPPED: 63%/37% Sn/Pb; DRAIN GONTACT IS NICKEL PLATED.
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Case Outline - D?Pak (SMD-220)

IPS1011(S)(R)
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» a2 | 114 | 140 045 | .05S
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o] E | 9656 | 1067 || .38D | 420 | 3
£ | _1' E1 | B.22 245
H I H 'j'_ \ ] 254 BSC 00 BSC
i L | 1461 | 1588 || 575 | .625
. = [ D_I 1| w78 | 279 || 070 | 11
_3_] L Lz 1.65 _DBS
S £k L3 | 127 | 1.78 0BD | BTD
ELIIT FuT L4 | 0.5 BSC 0D B5C
. m | 1778 700
A - 1 m1| @.89 .350
N a— 1. no| 11.43 .450
Lz : = a | ZoA DBz
p | 3am 150
EETAL & —, | g | =u kY =iy Ry
i O . A }_..._. e e e e e e e
(K]
! ?_Hjl I I\k\\ HERFET MWL PaX  [OOES
L - 1.~ BATE 1.- BATE 1~ ANOCE =
L“ a é 2. DRMN Z- GOULECTOR  L— CATHADE
T J.- THAE d.- EMITTER 3— ANDE
I b PRl EST 0
[ ladhal WGTES: + PART DEPEMCENT.
EKD 1. DIMEMSICHING AhID TOLERSRICING PER ASWE 'Y14.5M—1994

2. DIMENSIONS ARE SHOWM 1M HWILLMETERS [INCHES]

3. DIMENSIDN O & E OO WNOT INCLUDE WOLO0  FLAEH, WOLD FLASH SHALL WOT EXCEED 0427 [0057]
FER SCE. THESE DIMENSIONS ARE HEASURED AT THE CLWTHOST EXTREMES OF THE FLASTIC BOOY.

&DIH‘ENSIGN b1 AHD cl APPLY TO BASE METAL QHLY.
5. CONTROLUMG DRMEMSION: [hEH.
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Case Outline — D-Pak

IPS1011(S)(R)

545 (215 127 (.050)
s.zw% ) ‘ [u‘aa(.uam
dEE f
5.22(.245)
5.97{.235)
02 (.040)
84 (025) [tV 2 3 l
m
57 (060) | e
15 (045) | ]
Ao
2078 {05%) (@] 025 (010) @[ @[p]

228 (090) |~

2.38 (.084)
2.19 (.088) 14 (24)
1 T 0.88.035)
| 0.58(023)
’1 46(D18
B
! §.45 (.245)
| 5.88 (.224)
I
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9.40 (370) T LEAD ASSIGNMENTS
1- GATE
D51 (.020) 2- DRAIN
MIN . 3- SOURGE
4 4-DRAIN
T
J | 0.8 (.023)
0.46 (.018)
NOTES:

DIMENSIONING & TOLERANCING PER ANSIY 14 5M, 1982
CONTROLLING DIMENSION : INCH.

CONFORMS TO JEDEC QUTLINE TO-25244,

DIMENSIONS SHOWN ARE BEFORE SOLDER DIP,
SOLDER DIP MAX. +0.18 (008)

LEADS & DRAIN CONTACT ARE PLATED: 85%/15% Sn/Ph NOMINAL.

I W ora

o

WWW.
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Tape & Reel - D?Pak (SMD220)

IP

S1011(S)(R)

TRR
pllaili B0 (08
180 (083
1E0 oEs | [
150 {053
4104181 ’ﬂls-:nmm
380158 DUBGE (0145)
/ B R
444 b4 +
FEED DIRESTION 4 gs o7y — 1160 [ 45T} | -
—_—
185 { D88) 11,40 | 428} 24,30 {B5T)
) 16,42 | 608
= 15.22 | 601} REO {841}
TRL
goeo 21.75 06
10530 (428 1.25 (.045) .
1070 A21) - 472135}
1810 | B34 453178}
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FEED DIRECTION
1350 ( 532 2740 (1078
112 B0 504 g (eany o[
L}
B 300 0 000 2,065
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BA
li
30,40 {1.167)
HGTES ST e
1. COMECRMS TO Bh-418 -
2. CONTROLLIMG DIMENSION: MLLMETER ﬁ:ﬁ:gff’-ﬁ L [2]

B DREMSION MEASURED g HUB.
@ INCLUOES FLANGE DISTORTION & OUTER EDSE
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ISR Rectifier

Tape & Reel - D-Pak

R TRR  TRL
G g9 g G g iP 4 b & O
= = 16.3( 841)
U] P [ b 16.7( 819
121 ( 478 8.1 0.319)
1.9 (4681 = FEED DIRECTION 78 (312) = = FEED DIRECTION
NOTES

1. GONTROLLING DIMENSION : MILLIMETER
2. ALLDIMENSIONS ARE SHOWN IN MILLIMETERS { INCHES ).
3. OUTLINE CONFORMS TO EIA-481 & EIA-541.

(13 INCH Q —

18 mm—H H—
NOTES :
1. QUTLINE CONFORMS TO EIA-481.

Dimensions are shown in millimeters (inches)

International
TSR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105
Data and specifications subject to change without notice.
This product is designed and qualified for the Automotive [Q100] market. ~ 9/22/2005
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