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Data Sheet No.PD60144-I

International

IGR Rectifier IPS0151/IPS0151S
FULLY PROTECTED POWER MOSFET SWITCH

Features Product Summary

e Over temperature shutdown

e Over current shutdown

e Active clamp Rds(on) 25mQ (max)

e Low current & logic level input

e E.S.D protection V clamp 50V
. Ishutdown 35A

Description

The IPS0151/IPS0151S are fully protected three terminal Ton/Toff 1 '5“ 8

SMART POWER MOSFETSs that feature over-current,
over-temperature, ESD protection and drain to source
active clamp.These devices combine a HEXFET®
POWER MOSFET and a gate driver. They offer full Packages
protection and high reliability required in harsh envi-
ronments. The driver allows short switching times
and provides efficient protection by turning OFF the
power MOSFET when the temperature exceeds 165°C
or when the drain current reaches 35A. The device
restarts once the input is cycled. The avalanche
capability is significantly enhanced by the active
clamp and covers most inductive load demagnetiza-
tions.

D2Pak (SMD220)

A IPS0151S
TO-220 - IPS0151

Typical Connection

Load

R in series D
( if needed)

I: IN control 4

S
Logic signal |

www.irf.com 1




IPS0151/IPS0151S International

TSGR Rectifier

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage parameters
are referenced to SOURCE lead. (TAmbient = 25°C unless otherwise specified). PCB mounting uses the standard foot-
print with 70 um copper thickness.

Symbol | Parameter Min. | Max. | Units Test Conditions
Vds Maximum drain to source voltage - 47
Vin Maximum Input voltage -0.3 7 v
lin, max | Maximum IN current -10 +10 mA
lsd cont. | Diode max. continuous current (1)
rth=62°C/W IPS0151 —_ 2.8 TO220 free air
rth=5°C/W 1PS015135 — 35 A TO220 with Rth=5°C/W
rth=80°C/W IPS0151S — 22 SMD220 Std footprint
Isd pulsed| Diode max. pulsed current (1) — 45
Pd Maximum power dissipation(’)
(rth=62°C/W) IPS0151 — 2 W
(rth=80°C/W) IPS0151S — 1.56
ESD1 Electrostatic discharge voltage (Human Body) —_ 4 C=100pF, R=15000,
ESD2 | Electrostatic discharge voltage (Machine Mode!)] — 0.5 kV. | c=200pF, R=0Q, L=10pH
Tj max. | Max. storage & operating junction temp. -40 +150 o
Tiead Lead temperature (soldering, 10 seconds) — 300

Thermal Characteristics

Symbol | Parameter Min. | Typ.| Max. |Units| Test Conditions
Rth 1 Thermal resistance free air — 55 —

Rth 2 Thermal resistance junction to case —_ 60 — T0-220

Rth 1 Thermal resistance with standard footprint — 60 — °c/W

Rth 2  [Thermal resistance with 1" square footprint — 35 — D2PAK (SMD220)
Rth 3 Thermal resistance junction to case — 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

Vds (max)| Continuous drain to source voltage ) —_ 35

VIH High level input voltage 4 6 Y

VIL Low level input voltage 0 0.5

Ids Continuous drain current

Tamb=85°C (TAmbient = 85°C, IN = 5V, rth = 60°C/W, Tj = 125°C) IPS0151 — 4.3 A
(TAmbient = 85°C, IN = 5V, rth = 80°C/W, Tj = 125°C) IPS0151S — 3.8

Rin Recommended resistor in series with IN pin 0.2 - 5 kQ

Tr-in (max)| Max recommended rise time for IN signal (see fig. 2) — 1 uS

Frlsc @ |Max. frequency in short circuit condition (Vcc = 14V) 0 1 kHz

(1) Limited by junction temperature (pulsed current limited also by internal wiring)
(2) Operations at higher switching frequencies is possible. See Appl. Notes.

2 www.irf.com



International IPS0151/IPS0151S
TGR Rectifier

Static Electrical Characteristics
Tj= 25°C unless otherwise specified.)

Symbol | Parameter Min. | Typ.| Max. Unitg Test Conditions
Rds(on) |ON state resistance Tj = 25°C 10 20 25 - _

o) T11= 150°C — s | 45 | ™| Vin=5Vlas=1A
ldss1 Drain to source leakage current 0 0.5 25 Vec =14V, Tj= 25°C
@Tj=25°C WA
ldss2 Drain to source leakage current 0 5 50 Vec =40V, Tj = 25°C
@Tj=25°C
V clamp 1| Drain to source clamp voltage 1 47 52 56 Id = 20mA (see Fig.3 & 4)
V clamp 2| Drain to source clamp voltage 2 50 55 60 ld=Ishutdown (see Fig.3 & 4)
Vin clamp | IN to source clamp voltage 7 8.1 9.5 V |lih=1mA
Vin th IN threshold voltage 1 1.6 2 Id = 50mA, Vds = 14V
lin, -on |ON state IN positive current 25 90 200 Vin = 5V
lin, -off |OFF state IN positive current 50 130 250 pA | Vin=5V

over-current triggered

Switching Electrical Characteristics
Vee = 14V, Resistive Load = 3Q, Rinput = 500, 100us pulse, T;= 25°C, (unless otherwise specified).

Symbol| Parameter Min. | Typ.| Max. [Units| Test Conditions
Ton Turn-on delay time 0.05 0.25 0.6

Ty Rise time , 02 0.9 15 See figure 2

Tr Time to (final Rds(on) 1.3%) —_ 3.8 —_ us

Toff Turn-off delay time 0.8 1.5 2 "

Tt Fall time 0.4 11 > See figure 2

Qin Total gate charge — 30 —_ nC |Vinh=5V

Protection Characteristics

Symbol [Parameter Min. | Typ.| Max. [Units| Test Conditions
Tsd Over temperature threshold - 165 — °C [See fig. 1

lsd Over current threshold 20 35 50 A |See fig. 1

Vreset IN protection reset threshold 1.5 2.3 3 \Y

Treset | Time to reset protection 2 10 40 us |Vin= 0V, Tj=25°C
EOI_OT |{Short circuit energy (see application note) —_ 400 —_ pd | Vee =14V

www.irf.com 3



IPS0151/IPS0151S International
TSR Rectifier

Functional Block Diagram
All values are typical

DRAui{}l
ﬁ‘q__ V%
EL * & [}
N - A
8.1V'Z§/ l R Q / H
HA ] L ]
J I>Isd l T
4 ——g
SOURCED
Lead Assignments
2 (D)
2 (D)
O
In DS
i 2 3
In D S
TO-220 D2PAK (SMD220)
IPS0151 IPS0151S
Part Number
www.irf.conr



International
IGR Rectifier

Ids t < T reset t> T reset

T

Tsd|
(165 °c)

:T shutdown

Figure 1 - Timing diagram

% Tclamp

Vin ——

Tds

Vds

( see Appl . Notes to evaluate power dissipation )

Figure 3 - Active clamp waveforms

www.irf.com

IPS0151/IPS0151S

Vin ?g: e \‘ .....
Tr-in
S N | A N
qu 0% ---unn- --/ ....................................... \ .......
Td on Td off
tr tf

Figure 2 - IN rise time & switching time definitions

Rem: Vload is negative
during demagnetization

Vin

IN
<i> na |

Figure 4 - Active clamp test circuit




IPS0151/IPS0151S

International
TGR Rectifier

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

60 -

50 1

40 -

30

20

Tj = 150°C

.
Tj=25°C

10

0

0

Figure 5 - Rds ON (mQ) Vs Input Voltage (V)

© =2 N W » 00 O N O

ton delay
= = = "rise time
---A---130% final
rdson
il
AT i N
~
\\_1 ; ~j"~ ‘

Figure 7 - Turn-ON Delay Time, Rise Time & Time
to 130% final Rds(on) (us) Vs Input Voltage (V)

200%
180%
160%
140%
120% =
100%
80% +—
60%
40%
20%
0%

50 -25 0 25 50 75 100 125 150 175

Figure 6 - Normalised Rds ON (%) Vs Tj (°C)

toff delay
= = = =fall time

© = N W » OO0 O N OO
4

Figure 8 - Turn-OFF Delay Time & Fall Time (us)
Vs Input Voltage (V)
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International

TGR Rectifier
100 =T =
L
#
10 L L
Ay £ H
Lie # B 2t
1 — -
' delay on
= = = wrisetime
0.1 e 1 30 % S ON
10 100 1000 10000

Figure 9 - Turn-ON Delay Time, Rise Time & Time
to 130% final Rds(on) (us) Vs IN Resistor ()

S

Isd 25°C

Figure 11 - Current lim. & Ishutdown (A) Vs Vin (V)

www.irf.com
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100
delay off .
= = = =fall time =
»
$
10 1 3 =
- ]
=
- N -
, ==
T
0.1 ﬁ
10 100 1000 10000

Figure 10 - Turn-OFF Delay Time & Fall Time (us)
Vs IN Resistor (Q)

50
45
40
35
30
25
20
15
10

5

0

-50 25 0 25 50 75 100 125 150

Figure 12 - Ishutdown (A) Vs Temperature (°C)



IPS0151/IPS0151S

30
28 | rth = 5°C/IW
6] - rth = 15°C/W

24 { —HE—SMD220 1" footprint
22 { —— SMD220 std. footprint

20

18 +—=—

16 s - AN

:; O AN

10 —~ Te. N\

8 *—_ K \

8 AN

e =S
2 \“i
0

-50 0 50 100 150 200

Figure 13 - Max.Cont. Ids (A) Vs Ambient
Temperature (°C)

single pulse

100 | - -—--100 Hz rth=60°C/W dT=25°C
= = = =1kHz rth=60°C/W dT=25°C
= i
"
N N
3 b 3
10 \ = -
. NN
N b 3
1
[~ Vbat=14V N
Tjini =T sd
0.4 L 11 h
0.001 0.01 0.1 1 10 100

Figure 15 - Iclamp (A) Vs Inductive Load (mH)

International
TR Rectifier

100 J=aii i I:':IIII: L SR A WAL )
- H»Hﬂ!'l I 'H= u|- Current path capability []
CIXT IR T T T should be above this 1]
L 1INl III!IHIIII 01T | ]

,llnuu-llun-luul-lllmlq |
| ] N1 [T I L
1 IIM Wl
.o LU TR 0 LR
= HiH=IHHH=HIIH==HIH==H1IH= i H
. IIIH Load characteristic should H
: il be below this curve :
- - - -T25C
14 1
A A T
y o4 & & 8 o
Figure 14 - Max.Cont. Ids (A) Vs Ambient
Temperature (°C)
100
( LITIOW (T 1
1 R
,
rth free air T022
ol footprint SMD220

rth junction to case =
1.8°C/W

TEEEEEEE

Figure 16 - Transient Thermal Imped. (°C/W)
Vs Time (s) - IPS0151/IPS051S
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International IPS0151/IPS0151S
IGR Rectifier

200 120%
180 115%
160 110%
- (]
140 . t‘ - LT R - o e 1R = fs -
120 105% =
\ ~. - = - I
100 = 100%  —— ]
—‘¥ - = -
80 95%
60 90%
40 H lin,on ¢ Vds clamp @ Isd
20 H= = = = lin,off 85% Vin clamp @ 10mA
= = = =Vinclam m
0 — 1 80%
50 25 0 25 50 75 100 125 150 -50 25 0 25 50 75 100 125 150
Figure 17 - Input current (uA) Vs Junction (°C) Figure 18 - Vin clamp and V clamp2 (V)
Vs Tjunction (°C)
16 T
\_ = = =Treset
14 \ - = = =rise time
12 - fall time
4
10 >
- \ .
8 o «]
\ ol
6 ~
4
2
0 + + + + |

50 25 0 25 50 75 100 125 150

Figure 19 - Turn-on, Turn-off, and Treset (us)
Vs Tjunction (°C)
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IPS0151/IPS0151S

TSR Rectifier
Case Outline - TO-220
. 10.5 [.413]
2.85 [.112] 10.3 [.406] ¢ 3.73 [.146] 455 [4179]
2.65 [.105]“ 3.63 [.143] 4.35 [171] .085]
i .048]
5_ 3 4 [.251]
[ A } 2 [.245]
15.1 [.594] ; .
14.9 [.587] | I RSl
1.15 [.045] 1. DIMENSIONING & TOLERANCING PER ASME Y14.5M-1994,
. :ll 5 i MIN 2. CONTROLLING DIMENSION: MILLIMETER
3. DIMENSIONS ARE SHOWN IN MILUMETERS [INCHES]
’ i | 1 4. OUTLINE CONFORMS TO JEDEC OUTLINE TO-220AB.
13.7 [.539] ; .’ | [ 5o [153] 5. HEATSINK & LEAD MEASUREMENTS DO NOT INCLUDE BURRS.
135 [.632] ‘ | | e
0.9 [.035] | 0.55 [.021]
3% 0.7 [.028] ‘ 3X 0,35 [.014]
[@]0.25 [.010]@[B[A] 2.8 [.110]
= T 28 [.103)
IRGB 01-3026 01
Case Outline - D2PAK (SMD220)
__ 1054 [415] B
10.29 [.405) igg Hgg%
1.40 [.055] - 20 1 1.32 [.052] NOTES:
MAX. L_ 1122 [L048] )
Vi 1. DIMENSIONING & TOLERANCING PER ANSI Y14.5M-1982.
T 2. CONTROLLING DIMENSION: INCH.
178 Lo70] . 3. DIMENSIONS ARE SHOWN IN MILLMETERS [INCHES).
78 [ 15.49 [.610 2.79 [.110] 4. DIMENSIONS AFTER SOLDER DIP
1.27 [.050 . .
[ }}_ ! LF |3 14.73 | 580] | 2.29 [.0s0] 5. HEATSINK & LEAD DIMENSIONS DO NOT INCLUDE BURRS
5.28 [.208]
ﬁ 4.78 [ 188] i
3x 1440 [OSS]J 1‘ f [ g .05 MINIMUM RECOMMENDED FOOTPRINT
1.14 [.045] 0.93 [.037] 055 [.022] || 4 [.04¢
0.69 [.027] 0.46 [.018] 1143 [ 450]
2oe L200) [¢1025 [T0]@IE[ @) il -
10.16 [.400] 8.89
REF.

_l

.350]
|

. 17.78 [.700]
6.47 [.255] 1
6.18 [.243] !
U‘—T 3.8 [150] % ‘ %
@ Izm [103] l-254 1oo]
2.32 [.091] 203 032
8.89 [.350]
REF- 01-0016 05
10 www.irf.cor
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IGR Rectifier

Tape & Reel - D2PAK (SMD220)

IPS0151/IPS0151S

1.60 [.063]

@ 360.00
[14.173]
MAX.

NOTES:
1. OUTLINE CONFORMS TO EIA-481 & EIA-541.
2. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]

1.50 [.059] [063]
o E :?3] e 059] 0.368 [.0145]
0.342 [ 0135
TRR | Lorss]
& oo & oo oo o + L |
_ 11.60 [.457]
by ['g?] 11:40 [-449] 24.30 [.957
169 L0ed] 15.42 [ 609] 23.90 ['941]
& 15.22 [.601] 90 [.041]
B8
b=
10.90 [.429]
FEED DIRECTION 1.75 [.069]
it 10.70 [.421] 25 [.od] 4.72 [186]
] 1610 [634] 452 [178]
15.90 {.626]
NOTES:
1. OUTLINE CONFORMS TO EIA-481 & EIA-541. 13.52 [.632]
2. DIMENSIONS ARE SHOWN IN MILLMETERS [INCHI 12.80 [.504]

N -]

% 60.00
[3.362]
MIN.

-

26.40 [1.039]
24.40 [ .961] -t -

International
TIGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105
IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd., Whyteleafe, Surrey CR3 0BL, United Kingdom

Tel: ++ 44 (0) 20 8645 8000

IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171-0021 Tel: 8133 983 0086
IR HONG KONG: Unit 308, #F, New East Ocean Centre, No. 9 Science Museum Road, Tsimshatsui East, Kowloon

Hong Kong Tel: (852) 2803-7380

Data and specifications subject to change without notice.  4/16/2000

www.irf.com
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Data Sheet No.PD 60148-J

International
TGR Rectifier
IPS021/IPS021S

FULLY PROTECTED POWER MOSFET SWITCH

Features Product Summary
Over temperature shutdown

e Over current shutdown
e Active clamp Rds(on) 150mQ (max)
e Low current & logic level input
e E.S.D protection V clamp 50V

- I 5A
Description shutdown
The IPS021/IPS021S are fully protected three terminal Ton/Toff 1.5us

SMART POWER MOSFETSs that feature over-current,
over-temperature, ESD protection and drain to source
active clamp.These devices combine a HEXFET®
POWER MOSFET and a gate driver. They offer full Packages
protection and high reliability required in harsh envi-
ronments. The driver allows short switching times
and provides efficient protection by turning OFF the
power MOSFET when the temperature exceeds 165°C
or when the drain current reaches 5A. These devices
restart once the input is cycled. The avalanche capa-
bility is significantly enhanced by the active clamp
and covers most inductive load demagnetizations.

e
= SMD220
. <
AN ‘(‘; IPS021S

TO-220 - IPS021

Typical Connection

Load
R in series D
(if needed) IN
—L ] control
L S
Logic signal

www.irf.com 13



IPS021/IPS021S Infernational
IGR Rectifier

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage parameters
are referenced to SOURCE lead. (TAmbient = 25°C unless otherwise specified). PCB mounting uses the standard foot-

print with 70 um copper thickness.

Symbol | Parameter Min. Max. | Units Test Conditions
Vds Maximum drain to source voltage — 47
Vin Maximum input voltage -0.3 7 v
lin, max | Maximum IN current -10 +10 mA
lsd cont. | Diode max. continous current (1)
(rth=62°C/W) 1PS021 — 2.8
(rth=10°C/W) 1PS021 — 8 A
(rth=80°C/W) 1PS021S — 22
Isd pulsed| Diode max. pulsed current (1) — 10A
Pd Maximum power dissipaﬁon(”
(rth=62°C/W) [PS021 — 2 w
(rth=80°C/W) 1PS021S — 1.56
ESD1 Electrostatic discharge voltage (Human Body) — 4 C=100pF, R=15000,
ESD2 | Electrostatic discharge voltage (Machine Model)] — 05 kV. | c=200pF, R=0Q2, L=10uH
Tj max. | Max. storage & operating junction temp. -40 +150 °c
Tlead Lead temperature (soldering, 10 seconds) — 300
Thermal Characteristics
Symbol |Parameter Min. | Typ.| Max. |Units| Test Conditions
Rth 1 Thermal resistance free gir — 60 — TO-220
Rth 2 Thermal resistance junction to case — 5 —
Rih 1 Thermal resistance with standard footprint — 80 — °C/W
Rih 2 Thermal resistance with 1" square footprint o 50 — D2PAK (SMD220)
Rth 3 Thermal resistance junction to case —_ 5 —_

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
Vds (max)| Continuous drain to source voltage —_ 35

VIH High level input voltage 4 6 v
VIL Low level input voltage 0 0.5

lds Continuous drain current — 1.8 A
Tamb=85°C (TAmbient = 85°C, IN = 5V, rth = 60°C/W, Tj = 125°C)

Rin Recommended resistor in series with IN pin 0.5 5 kQ
Tr-in (max)| Max recommended rise time for IN signal (see fig. 2) — 1 usS
Fr-lsc @ |Max. frequency in short circuit condition (Vcc = 14V) 0 1 kHz

(1) Limited by junction temperature (pulsed current limited also by internal wiring)
(2) Operations at higher switching frequencies is possible. See Appl. Notes.

14 www.irf.con



Infernational IPS021/IPS021S

TSGR Rectifier

Static Electrical Characteristics
Standard footprint 70 um copper thickness. Tj = 25°C (unless otherwise specified.)

Symbol | Parameter Min. | Typ. | Max. |Units|Test Conditions
A . 0,
Rds(on) |ON state resistance T1]_ i =i550CjC 120 ; gg ; 28 ma | Vin = 5V, Ids = 1A
Idss 1 Drain to source leakage current 0 0.01 25 A Vee =14V, Tj = 25°C
Idss 2 Drain to source leakage current 0 0.1 50 B Vcc =40V, Tj = 25°C
V clamp 1| Drain to source clamp voltage 1 48 54 56 Id = 20mA (see Fig.3 & 4)
V clamp 2| Drain to source clamp voltage 2 50 56 60 Vv ld=Ishutdown (see Fig.3 & 4)
Vin clamp | IN to source clamp voltage 7 8 9.5 lin=1mA
Vth IN threshold voltage 1 1.5 2 Id = 50mA, Vgs = 14V
lin, -on | ON state IN positive current 25 90 200 Vin = 5V
lin, -off | ON state IN positive current 50 130 250 A |Vin =5V
over-current triggered

Switching Electrical Characteristics
Vee = 14V, Resistive Load = 10Q, Rinput = 50Q, 100us pulse, T;= 25°C, (unless otherwise specified).

Symbol| Parameter Min. | Typ.| Max. [Units|Test Conditions
Ton Turn-on delay time 0.15 0.5 1 ]
Tr Rise time 0.4 0.9 P See figure 2
Trf Time to (final Rds(on) 1.3) 2 6 12 us
Toff Turn-off delay time 0.8 2 3.5 )
= = — See fiqure 2
Tf Fali time 0.5 1.3 2.5 o
Qin Total gate charge — 3.3 — nC |Vin=5V

Protection Characteristics

Symbol |Parameter Min. | Typ.| Max. |Units|Test Conditions
Tsd Over temperature threshold — 165 — °C |See fig. 1

lsd Over current threshold 4 5.5 7 A | See fig. 1

Vreset IN protection reset threshold 1.5 2.3 3 \Y

Treset Time to reset protection 2 10 40 us | Vin= 0V, Tj=25°C
EOI_OT |Short circuit energy (see application note) — 400 — w  [Vee =14V

www.irf.com 15



IPS021/IPS021S International
IGR Rectifier

Functional Block Diagram
All values are typical

DRAINE
G 47V’Jé }
E‘L R 1000Q rm e <
IN R i ] lﬁ AN
8.1V l@ R Q > /
80 A {165 | e
—o—¢
SOURCE [ |
Lead Assignments
2 (D)
O 2(D)
1 3
In DS
1 2 3
In D S
TO-220 D2PAK (SMD220)
IPS021 » IPS021S
Part Number
www.irf.com
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International IPS021/IPS021S
IGR Rectifier

Vin| sy o
oY _I__I_ ___________________ Vin 10% ==~ 4 \‘ .....
Tr-in
Ids t < T reset t> T reset
90% """ """ b A i . Y S
Tds 10% «c-enn- - / ....................................... \ .......
Td on Td off
tr tf
T JES——
ted T shutdown Vds \
S
(165 °c) H
Figure 1 - Timing diagram Figure 2 - IN rise time & switching time definitions
‘9"""*—— T clamp
Vin ———
V load

Rem: Vload is negative
during demagnetization

Tds . D
Vin_ 1N IVds

S5v S
oy -—}Ids

Figure 3 - Active clamp waveforms Figure 4 - Active clamp test circuit

Vds

( see Appl . Notes to evaluate power dissipation )
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IPS021/IPS021S Infernational

IGR Rectifier

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

200%
180%
160%
o 140%
120%
100%
80% ——
Tj £ 25°C 60%
40%
20%
0%
7 8 50 -25 0 25 50 75 100 125 150 175

Figure 5 - Rds ON (mQ) Vs Input Voltage (V) Figure 6 - Normalized Rds(on) (%) Vs Tj (°C)

-
o
H»

9 4 ton delay toff delay
] ] - - - -risetime e .

8 +~ ---A-- 130% rdson fall time

' 3
7 L
6 - .
5 L 2 |

.

4 r = ll..
3 ~ +- A 0/ Tl ela - o
2 N ".\‘ 1 ./
1 SO A
0 0

Figure 7 - Turn-ON Delay Time, Rise Time & Time Figure 8 - Turn-OFF Delay Time & Fall Time (us)
to 130% final Rds(on) (us) Vs Input Voltage (V) Vs Input Voltage (V)
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International

IGR Rectifier
100
delay on
= = = =rise time
A 0,
130% rdson /(
10 !
= 2
1 =={= =p L1
1
1
0.1 i
10 100 1000 10000

Figure 9 - Turn-ON Delay Time, Rise Time & Time
to 130% final Rds(on) (us) Vs IN Resistor (Q)

8 —
\ —— -
: ]
4 o
A
2 ',' :
k Isd 25°C
Aff ---A--- llim 25°C
0 A—t

0 1 2 3 4 5 6 7

Figure 11 - Current lim. & | shutdown (A)
Vs Vin (V)

www.irf.com
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100
delay off —
= = = =fall time
-
10 =ug
£ 85
-
- >
LU
L = |w |=| = H|T
1
0.1
10 100 1000 10000

Figure 10 - Turn-OFF Delay Time & Fall Time (us)
Vs IN Resistor ()

0
50 25 0 25 50 75 100 125 150

Figure 12 - | shutdown (A) Vs Temperature (°C)
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IPS021/IPS021S Infernationa
IGR Rectifier

rth =5°C/W
74 ------- rth = 15°C/W _— = = = =T=25°C Std. footprint
—8— 1" footprint 35°C/W T=100°C Std. footprlnt
6 | —e—std. footprint 60°C/W |—] .
5 —
4 G\ IRREIS . \ Cr:xrrslegtbpaﬂ:) cape:gnlxty
< J | | shoul e above this curve
3 ‘\\i ~ N \ ‘ i Ex SE ==|||n-|ii;‘“-|||m
) |
; ] A -lnnu-nm
2 ~ts | il | i
R | {1 lllhl'll!mi
1 Load characteristic should I"m ll"” l. 'ul
° tu o o o 1 1]
-50 0 50 100 150 200 b i
A T A T S S SN SR
* = ¥ B 82 § 4 w uw u
Figure 13 - Max.Cont. Ids (A) Figure 14 - Ids (A) Vs Protection Resp. Time (s)
Vs Amb. Temperature (°C) 1PS021/IPS021S IPS021 & IPS021S
single pulse max. current single pulse
10 1 —-—-—100 Hz rth=60°C/W dT=25°C 104 —-—-- 100 Hz rth=60°C/W dT=25°C
= = = =4kHz rth=60°C/W dT=25°C = = = =1kHz rth=60°C/W dT=25°C
HAF 1 i S a4
| |l ii
T T T T TR
1 i : 1 all :
= <
[ < -~ > = SL N
N N = ~
¢ M
—Vbat=14V ] N
Tjini =T sd N Vbat=14V N
3 Tjini =T sd N
0.4 L LI 01 L1 h
0.01 0.1 1 10 100 .
0.01 0.1 1 10 100
Figure 15a - Iclamp (A) Vs Inductive Load (mH) Figure 15b - Max. Iclamp (A) Vs Inductive Load
1PS021 (mH) IPS021S
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nternational
IGR Rectifier

100

i it T
4 IR AR R
0.1 Single pulse I”“

IIlII-II||II|-lIIIHI
11 O 1 LT T
1 R
i - [ ] N - -] - ] [ 4]
-] -] (-] -] Q - -] = -]
w w w w w w W g oW
- - - - - - - - -

Figure 16 - Transient Thermal iImped. (°C/W)

Vs Time (s)
16 +—
\. = = —Treset
14 \ = = = =rise time
12 S fall time
»
10 >
-~ \ .
8 Ed «
\ ol
6 ~
4
2
0 1 } + + + 1

50 25 0 25 50 75 100 125 150

Figure 18 - Rise Time, Fall Time and Treset (us)
Vs Tj (°C)
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200
180
160
140 +—=1,
120
100 S
80
60
40 H
20 H- = = - lin,off
0 I —
50 25 0 25 50 75 100 125 150

lin,on

Figure 17 - Input Current (uA) Vs
Junction Temperature (°C)

120%
115%

110%
105% r—=—i
100% =
95%
90%

Vds clamp @ Isd
85%

= = = Vinclamp @ 10mA
80% ¥ F ¥ f —

50 25 0 25 50 75 100 125 150

Figure 19 -Vin clamp and Vds clamp (%) Vs
Tj (°C)
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Internationa
IGR Rectifiel

Case Outline - D2PAK (SMD220)
10.54 [.415] o
1029 Ta08] = 4,69 [185]
1.40 [.055] 1029 [40e] 4.20 [.165] 1.32 [.052
i ]| —t 132 [0 NOTES: .
: > 22 [.048] 1. DIMENSIONING & TOLERANCING PER ANSI Y14.5M-1982.
T 2. CONTROLLING DIMENSION: INCH.
78 Lo70] oo - 3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES).
78 [ 15.49 [.610 2.79 [.10
79 o8 4. DIMENSIONS AFTER SOLDER DIP.
. f 14.73 .580] [ 2.29 [.0%0] 5. HEATSNK & LEAD DIMENSIONS DO NOT INCLUDE BURRS.
LP 5.28 [.208]
478 [.188] _1
055] f 05t MINIMUM RECOMMENDED FOOTPRINT
[
[045 3x 823 %gg% 82\2 %8125]] 04:
1143 .4
208 L200] =~ [3[a75 (0] OEF@ o ekl -
1016 [.400] 8.89 [.350]
REF. " |
1t ¢ 17.78 [.700]
9 6.47 [.255] |
|y o [.243] i !
381 [150]
O I I
@ H}J 2.61 [103] J JE |- 2,54 [100]
2.32 [.091] 2.08 [.082] 2
8.89 [.350] 2X
REF.
01-0016 05
Case Outline - TO220
105 [413] 1y
2.85 [112] 10.3 [.406] @ 373 [.146]
2.65 [msﬂ' /_ 3.63 [.143] [.085]
[.048]
{0 *} ¢ 6.4 [.251]
[ 2 6.2 [.245]
}i; [['5598‘;]] ‘ NOTES:
| | 115 [.045] 1. DIMENSIONING & TOLERANCING PER ASME Y14.5M-1994.
1 :'[ sy MIN 2. CONTROLLING DIMENSION: MILLMETER
| 3. DIMENSIONS ARE SHOWN IN MILLMETERS |INCHES]
F Iy 4. OUTLINE CONFORMS TO JEDEC OUTLINE TO-220AB.
137 [539] | i \ ( so Lis] 5. HEATSINK & LEAD MEASUREMENTS DO NOT INCLUDE BURRS.
135 [[632] ; \ I 3.7 [.146]
1
l i
0.9 [.035] 0.55 [.021
I 3% 0.7 [.028] ! 3X 0.35 Eom%
(@] 0.25 [010]@[BA] 2.8 [.110]
= T 26 [.103)
IRGB 01-3026 01
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International IPS021/IPS021S

IGR Rectifier

Tape & Reel - D2PAK (SMD220)

1.60 [.063]
1.50 [.059] 1.60 [.063]
4.10 [.161] d
390 [153] —™] 1.50 [.059] 0.368 [.0145)
B 0.342 [.0135]
TRR L
& & 6o & oo 6o o ‘ L
S— 11.60 [.457]
1.85 [.073] 11.40 [.449]
1.65 [.065] 24.30 [.957]
15.42 [ 609 23.90 [.941
® 16.22 [.601] -90 [.941]
iy
] B
FEED DIRECTION 10.90 [.429] 1.75 [.069]
e R 10.70 [.421] ® 125 [L049] 4.72 [186]
16.10 [.634] 4.52 [.178]
™ 15.90 [.626] "
NOTES:
1. OUTLINE CONFORMS TO EIA-481 & EIA-541 = 1352 [.532]
2. DIMENSIONS ARE SHOWN IN MILLIMETERS [Ih 12.80 [.504]
Il ¢ 60.00
9 360.00 LY - [3.362]
[14.173] MIN.
MAX. L
NOTES:
1. OUTLINE CONFORMS TO EIA-481 & EIA-541.
2. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]
—_ 26.40 [1.039] -
24.40 [ .961] —t =

International

ISR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105

IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd., Whyteleafe, Surrey CR3 0BL, United Kingdom

Tel: ++ 44 (0) 20 8645 8000

IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171-0021 Tel: 8133 983 0086
IR HONG KONG: Unit 308, #F, New East Ocean Centre, No. 9 Science Museum Road, Tsimshatsui East, Kowloon
Hong Kong Tel: (852) 2803-7380

Data and specifications subject to change without notice.  4/16/2000
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nternational
IGR Rectifier

Data Sheet No.PD60145-J

IPS021L

FULLY PROTECTED POWER MOSFET SWITCH

Features

» Over temperature shutdown

» Over current shutdown

» Active clamp

» Low current & logic level input
e E.S.D protection

Description

The IPS021L is a fully protected three terminal SMART
POWER MOSFET that features over-current, over-
temperature, ESD protection and drain to source
active clamp.This device combines a HEXFET®
POWER MOSFET and a gate driver. It offers full
protection and high reliability required in harsh envi-
ronments. The driver allows short switching times
and provides efficient protection by turning OFF the
power MOSFET when the temperature exceeds 165°C
or when the drain current reaches 5A. The device
restarts once the input is cycled. The avalanche
capability is significantly enhanced by the active
clamp and covers most inductive load demagnetiza-

tinng
uuviio.

Typical Connection

Product Summary

Rds(on) 150mQ (max)

V clamp 50V

Ishutdown 5A

Ton/Toff 1.5us
Package

3 Lead SOT223

Load

R in series
(if needed) IN
!:: control
|-
Logic signal

www.irf.com
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IPS021L

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage parameters are ref
erenced to SOURCE lead. (TAmbient = 25°C unless otherwise specified). PCB mounting uses the standard footprint with 70 um

Internationa
IGR Rectifie

copper thickness..
Symbol | Parameter Min. Max. | Units Test Conditions
Vds Maximum drain to source voltage — 47
Vin Maximum Input voltage -0.3 7 v
lin, max | Maximum IN current -10 +10 mA
Isd cont. | Diode max. continuous current (1)
(rth=125°C/W) —_ 1.4 A
Isd pulsed| Diode max. pulsed current (1) — 10
Pd Maximum power dissipation“)
(rth=125°C/W) — 1 w
ESD1 Electrostatic discharge voltage (Human Body) — 4 C=100pF, R=1500Q,
ESD2 | Electrostatic discharge voltage (Machine Model)] — 05 KV 7 C=200pF, R=00, L=10uH
Tj max. | Max. storage & operating junction temp. -40 +150 °c
Thermal Characteristics
Symbol |Parameter Min. | Typ. | Max. |Units | Test Conditions
Rih1 Thermal .res%s!a.n.ce wﬂh standard footp.ri{\.t — 100 — locw
Rth2 Thermal resistance with 1" square footprint — 50 —

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
Vds (max)| Continuous drain to source voltage — 35

VIH High level input voltage 4 6 Y
VIL Low level input voltage 0 0.5

Ids Continuous drain current

Tamb=85°C (TAmbient = 85°C, IN = 5V, rth = 100°C/W, Tj = 125°C) — 1.4 A
Rin Recommended resistor in series with IN pin 0.5 5 kQ
Tr-in (max)| Max recommended rise time for IN signal (see fig. 2) — 1 uS
Frlsc @ |Max. frequency in short circuit condition (Vcc = 14V) 0 1 kHz

(1) Limited by junction temperature (pulsed current limited also by internal wiring)
(2) Operations at higher switching frequencies is possible. See Appl. notes.

26
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nternational IPS021L
IGR Rectifier

Static Electrical Characteristics
Standard footprint 70 um copper thickness. T;= 25°C, (unless otherwise specified).

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

H PR 0
Rds(on) |ON state resistance le_ j =?io(gc 1 20 ; gg ; :g ma |Vin =5V, Igs = 1A
Idss 1 Drain to source leakage current 0 0.01 25 A Vec =14V, Tj = 25°C
Idss 2 Drain to source leakage current 0 0.1 50 s Vec =40V, Tj = 25°C
V clamp 1| Drain to source clamp voltage 1 48 54 56 Id = 20mA (see Fig.3 & 4)
V clamp 2| Drain to source clamp voltage 2 50 56 60 y ld=lshutdown (see Fig.3 & 4)
Vin clamp | IN to source clamp voltage 7 8 9.5 lin=1mA
Vth IN threshold voltage 1 15 2 Id = 50mA, Vgs = 14V
lin, -on | ON state IN positive current 25 90 200 Vin =5V
lin, -off |OFF state IN positive current 50 130 250 pA  |Vin =5V

over-current triggered

Switching Electrical Characteristics
Vee = 14V, Resistive Load = 10Q, Rinput = 50Q2, 100us pulse, T;= 25°C, (unless otherwise specified).

Symbol| Parameter Min. | Typ.| Max. |[Units|Test Conditions
Ton Turn-on delay time 0.15 0.5 1 !
Tr Rise time 0.4 0.9 2 See figure 2
T Time to 130% final Rds(on) 2 6 12
us
Toff Turn-off delay time 0.8 2 3.5 See fi o
Tt Fall time 05 | 13 | 25 6 figure
Qin Total gate charge —_ 30 — nC |Vin=5V

Protection Characteristics

Symbol | Parameter Min. | Typ.| Max. [Units| Test Conditions
Tsd Over temperature threshold —_ 165 —_— °C |See fig. 1

lsd Over current threshold 4 5.5 7 A | Seefig. 1

Vreset IN protection reset threshold 15 2.3 3 \Y

Treset Time to reset protection 2 10 40 us | Vin= 0V, Tj=25°C
EOI_OT |Short circuit energy (see application note) — 400 — u  |[Vge = 14V

www.irf.com 27
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Functional Block Diagram
All values are typical

Internationa
IGR Rectifie

7

81 Vfgf l@ R

ol

80 KA

>
I'sense

Lead Assignments

—
~

|

- [
onN [
»w [
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International

TGR Rectifier
Vinl sy
I PRV A | I
IdS t < T reset t> T reset
e Lshudown e e
T
:T shutdown
Tsd ’

(165 °c)

Figure 1 - Timing diagram

4= Tclamp

Vin — '_——:-——-

Tds

( see Appl . Notes to evaluate power dissipation )

Figure 3 - Active clamp waveforms

www.irf.com

IPS021L

Figure 2 - IN rise time & switching time definitions

L
V load
Rem: Vload is negative
during demagnetization R @ v
Vi D
n
IN Vds
Y T > }
ov Tds

Figure 4 - Active clamp test circuit
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Internationa
IGR Rectifier

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

200%
180%
160%
140%
120%
100%
80%
60%
40%
20%
0%
=50 -25 0 25 50 75 100 125 150 175

Figure 5 - Rds ON (mQ) Vs Input Voltage (V) Figure 6 - Normalised Rds(on) (%) Vs Tj (°C)

10 4
° ton delay toff delay
] == = =rise time - o .
8 | ---A---130%rdson ° L fall time
. 3 :
7 ’
6 “
5 T A 2
4 S
3 ~ = ‘.-‘ .'/ S e =
2 X LN 1 /
™ » .

1 - - i
0 0

o 1 2 3 4 5 6 7 8

Figure 7 - Turn-ON Delay Time, Rise Time & Time
to 130% final Rds(on) (us) Vs Input Voltage (V)

30

Figure 8 - Turn-OFF Delay Time & Fall Time (us)
Vs Input Voltage (V)
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IGR Rectifier

100

delay on
= = = =rise time
—tr==130% rdson

10 =

0.1

10 100 1000 10000

Figure 9 - Turn-ON Delay Time, Rise Time & Time
to 130% final Rds(on) (us) Vs IN Resistor (Q)

Isd 25°C
---4A--- llim 25°C

0 1 2 3 4 5 6 7 8

Figure 11 - Current lim. & | shutdown (A) Vs Vin (V)

www.irf.com
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100 o
delay off —FEE
= = = =fall time

L il
- ﬁ

0.1
10 100 1000 10000

Figure 10 - Turn-OFF Delay Time & Fall Time (us)
Vs IN Resistor (Q)

50 -25 0 25 50 75 100 125 150

Figure 12 - | shutdown (A) Vs Temperature (°C)
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ISR Rectifiel

5 . = x
—8— 1" footprint 55°C/W = = = =T=25°C Std. footprint
4 —&— std. footprint 100°C/W T=100°C Std footprint
3 {8
2 \ \\ix :
1 B\\ ” Load characteristic should I
be below this curve —
0 j

-50 0 50 100 150 200

Figure 13 - Max.Cont. Ids (A) Vs Figure 14 - Ids (A) Vs Protection Resp. Time (s)
Amb. Temperature (°C)

single pulse 100
10 4 - 100 Hz rth=100°C/W dT=25°C F = =
= = = =1kHz rth=100°C/W dT=25°C [i i !.l' S T
g o 1L LI (T
ey
N ™NN H
N K
‘\ \\\i. 1
[ n
! : i —H
Single pulse
; o LI Il
L3
— Vbat = 14 V ™

Tjini =T sd 4 N I”“

| all curves for 1 mosfet active NC 0.01
A 3] - [« 2] - [ - o <]
0.4 L LI L L1 ~ § 3 3 8 8 8 35 8 g
0.01 0.1 1 10 100 - - - - - - - - -

Figure 15~ | clamp (A) Vs Inductive Load (mH) Figure 16 - Transient Thermal Imped. (°C/W)

Vs Time (s)
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ISR Rectifier

200 16 T

180 14 2

= = = =rise time
1
80 1= 12 \\ fall time

140 o 3

= = =Treset

120
100 S

80 —

60

40 H lin,on

20 H= = = = lin,off
()} } |

O N H» O O

WH-- — e

- T < T T T

I
50 25 0 25 50 75 100 125 150 50 -25 0 25 50 75 100 125 150

Figure 17 - Input Current (uA) Vs Figure 18 - Rise Time, Fall Time and Treset (us)

Junction Temperature (°C) Vs Tj (°C)

120%

115%

110%

105% -
100% -
95%
90%
85% = = = Vinclamp @ 10mA
80% t + T t —— t
.50 25 0 25 50 75 100 125 150

Vds clamp @ Isd

Figure 19 -Vin clamp and Vds clamp Vs
Tj (°C)
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Internationa

IGR Rectifiel
Case Outline - SOT-223
ot | VILLVETERS INCHES
- MN | MAX | MIN | MAx
© A 155 | 180 |.061 |.071
B1 B | 065 | 0.85 |.026 |.033
| [4]0.10 [.004]@]c[8 @) Bl | 295 | 315 | 116 |.124
T | . ¢ {025 | 035 |00 [.014
| D | 630 | 670 |.248 |.264
=y R
g H 330 | 370 | 130 |.146
* Iglogo [,oog]@’qA@l e 2.30 BSC |.0905 BSC
ik ] STl el | 460 BSC 181 BSC
H H:‘ |3 H | 671 [ 729 |.264 [.287
_’] L L o9t | — Jos | —
- | 3‘X B EED L1 | 0.061 BSC |.0024 BSC
#0.10 [.004)®|c|B — : — .
. e [ 10 10
| 4% L
i \ A 0 / \i
]0.08 [.003] { \ /
* - 4X cj[
MINIMUM RECOMMENDED FOOTPRINT
LEAD ASSIGNMENTS
3.80 [.150] T o
+ JI, 2 = DRAN
2.00 [.079] | ? 3 = SOURCF
’ } NOTES:
| 6.30 [.248]
1. DIMENSIONING & TOLERANCING PER ASME Y14.5M-1994.
i ' 2. CONTROLLING DIMENSION: INCH.
2.00 [.079] EEE[ EEL DIMENSIONS DO NOT INCLUDE MOLD FLASH.
r—" 4. OUTLINE CONFORMS TO JEDEC OUTLINE TO-261AA.
J L 3X 1.50 [.059] 5. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].
2X 2.30 [.091]
(TO-261AA) 01-0022 05
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Tape & Reel - SOT223

o O 0 O O

16.3 [.641] B
15.7 [ 619]
¢ 13 inch -

L ]

12.1 [.476] FEED DIRECTION

11.9 [.469] _— Lm et e
NOTES:
1. CONTROLLING DIMENSION: MILLIMETER. 3. OUTLINE CONFORMS TO EIA-481 & EIA-541.

2. ALL DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]. 4. EACH ¢ 330.00 [@¢ 13.00] REEL CONTAINS 2,500 DEVICES.
01-0028 05/01-0008 02

International
IGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105

IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd., Whyteleafe, Surrey CR3 0BL, United Kingdom

Tel: ++ 44 (0) 20 8645 8000

IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171-0021 Tel: 8133 983 0086
IR HONG KONG: Unit 308, #F, New East Ocean Centre, No. 9 Science Museum Road, Tsimshatsui East, Kowloon
Hong Kong Tel: (852) 2803-7380

Data and specifications subject to change without notice.  4/11/2000
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Data Sheet No.PD 60149-J

IPS022G/IPS024G

DUAL/QUAD FULLY PROTECTED POWER MOSFET SWITCH

Features

Over temperature shutdown
Over current shutdown

Active clamp

Low current & logic level input
E.S.D protection

Description

The IPS022G/IPS024G are fully protected dual/quad
low side SMART POWER MOSFETS respectively. They
feature over-current, over-temperature, ESD protection
and drain to source active clamp.These devices
combine a HEXFET® POWER MOSFET and a gate
driver. They offer full protection and high reliability
required in harsh environments. The driver allows
short switching times and provides efficient protec-
tion by turning OFF the power MOSFET when the
temperature exceeds 165°C or when the drain current
reaches 5A. These devices restart once the input is
cycled. The avalanche capability is significantly
enhanced by the active clamp and covers most
inductive load demagnetizations.

Product Summary

Rds(on) 150mQ (max)

V clamp 50V

Ishutdown 5A

Ton/Toff 1.5us
Packages

8 Lead SOIC
IPS022G
(Dual)
Typical Connection
Load
R in series D
(if needed)
—( }——{ conl {E
I S
Logic signal

www.irf.com
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IPS022G/IPS024G

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage parameters
are referenced to SOURCE lead. (TAmbient = 25°C unless otherwise specified). PCB mounting uses the standard foot-
print with 70 um copper thickness.

Internationa
IGR Rectifier

Symbol | Parameter Min. | Max. | Units Test Conditions
Vds Maximum drain to source voltage — 47
Vin Maximum input voltage -0.3 7 v
lin, max | Maximum IN current -10 +10 mA
lsd cont. | Diode max. continuous current (1)
(X Isd mosfets, rth=125°C/W, IPS022G) — 1.4 A
(X Isd mosfets, rth=125°C/W, IPS024G) — 2.3
Isd pulsed| Diode max. pulsed current (1) (for ea. mosfet)) — 10
Pd Maximum power dissipationm
(X Pd mosfets, rth=125°C/W) — 1 W
ESD1 Electrostatic discharge voltage (Human Body) —_ 4 KV C=100pF, R=15000,
ESD2 Electrostatic discharge voltage (Machine Model)] — 0.5 C=200pF, R=0Q2, L=10uH
Tj max. | Max. storage & operating junction temp. -40 +150 °c
Thermal Characteristics
Symbol |Parameter Min. | Typ.| Max. |Units| Test Conditions
Rth1 Thermal resistance with standard footprint :
(2mos on)| (2 mosfets on) — 100 —
Rth2 Thermal resistance with standard footprint
SOIC-8
(1 mos on)] (1 mosfet on) — 127 —
Rth3 Thermal resistance with 1" square footprint
(2 mos on)| (2 mosfets on) — 60 — locw
Rth1 Thermal resistance with standard footprint
(4 mos on)| (4 mosfets on) — 75 —
Rth2 Thermal resistance with standard footprint SOIC-16
(1mos on) (1 mosfet on) — 120 —
Rth3 Thermal resistance with 1" square footprint
(4 mos on)| (4 mosfets on) — 60 —

(1) Limited by junction temperature (pulsed current limited also by internal wiring)

38
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Recommended Operating Conditions
These values are given for a quick design. For operation outside these conditions, please consult the application notes.

IPS022G/IPS024G

Symbol| Parameter Min., Max.| Units

Vds (max)| Continuous drain to source voltage — 35

VIH High level input voltage 4 6 \Y

VIL Low level input voltage 0 0.5

Ids Continuous drain current

Tamb=85°C (TAmbient = 85°C, IN = 5V, rth = 100°C/W, Tj = 85°C) IPS022G — 1 A
(TAmbient = 85°C, IN = 5V, rth = 100°C/W, Tj = 125°C) IPS024G — 0.7

Rin Recommended resistor in series with IN pin 0.5 5 kO

Tr-in (max)| Max recommended rise time for IN signal (see fig. 2) — 1 uS

Fr-lsc ® |Max. frequency in short circuit condition (Vcc = 14V) 0 1 kHz

Static Electrical Characteristics

Standard footprint 70 um copper thickness. (Tj = 25°C unless otherwise specified.)

Symbol | Parameter Min. | Typ. | Max. |Units| Test Conditions
R H D= O,

ds(on) |ON state resistance T-jrj =igo(gc 120 ;gg ;Zg mQ | Vin =5V, lds = 1A

Idss 1 Drain to source leakage current 0 0.01 25 A Vee =14V, Tj = 25°C
ldss 2 Drain to source leakage current 0 0.1 50 H Vec =40V, Tj = 25°C
V clamp 1 | Drain to source clamp voltage 1 48 54 56 Id = 20mA (see Fig.3 & 4)
V clamp 2 | Drain to source clamp voltage 2 50 56 60 v Id=lshutdown (see Fig.3 & 4)
Vin clamp | IN to source clamp voltage 7 8 a5 lin=1mA
Vith IN threshold voltage 1 1.5 2 Id = 50mA, Vgs = 14V
lin, -on |ON state IN positive current 25 90 200 Vin =5V
lin, -off |OFF state IN positive current 50 180 | 250 | MA |Vip=5V

over-current triggered

Switching Electrical Characteristics

Ve = 14V, Resistive Load = 10Q, Rinput = 500, 100us pulse, T;=25°C, (unless otherwise specified).

Symbol| Parameter Min. | Typ.| Max. [Units|Test Conditions
Ton Turn-on delay time 0.15 0.5 1

Ty Rise time 0.4 0.9 ) See figure 2

Trf Time to 130% final Rds(on) 2 6 12 us

Toff Turn-off delay time 0.8 2 3.5 )

Tt Fall time 05 13 55 See figure 2

Qin Total gate charge —_ 3.3 — nC |Vih=5V

(2) Operations at higher switching frequencies is possible. See Appl. notes.

www.irf.com
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Protection Characteristics

Internationa
IGR Rectifier

Symbol |Parameter Min. | Typ.| Max. [Units|Test Conditions
Tsd Over temperature threshold — 165 —_ °C |[See fig. 1

Isd Over current threshold 4 5.5 7 A | See fig. 1

Vreset IN protection reset threshold 1.5 2.3 3 \'

Treset Time to reset protection 2 10 40 us | Vin= 0V, Tj=25°C
EOI_OT [Short circuit energy (see application note) —_ 400 - w  [Vee =14V

Functional Block Diagram
All values are typical

7l

8.1 V/ZX/ l@ R

1000Q FZ%
N A |

80 A

SOURCEE

Lead Assignments

D1 D1 D2 D2

HH HO

D

ijajajs

S1 Inl S2 In2

8 Lead SOIC

D1 D1 D2 D2 D3 D3 D4 D4

HOBAAFHA

D

O0O000000

S1 11 S212 S3 13 S4 14

16 Lead SOIC
(Dual) (Quad)
IPS022G IPS024G

Part Number

40
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t < T reset t>T reset

A /

:T shutdown

Figure 1 - Timing diagram

% Tclamp

Vin ——— _—

Tds

Vds

( see Appl . Notes to evaluate power dissipation )

Figure 3 - Active clamp waveforms

www.irf.com

IPS022G/IPS024G

L 90% T -
Vin 109 -----, -t \‘ .....

Tr-in

Figure 2 - IN rise time & switching time definitions

Rem: V load is negative
during demagnetization

Vin

IN
<i> na |

Figure 4 - Active clamp test circuit
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All curves are typical values with standard footprints. Operating in the shaded area is not recommended.

300 - 200%
180%
250 160%
200 140%
120%
150 - 100% E
80% +——
100 - 60%
0,
50 40%
20%
0 1 2 3 4 5 6 71 8 50 -25 0 25 50 75 100 125 150 175
Figure 5 - Rds ON (mQ2) Vs Input Voltage (V) Figure 6 - Normalized Rds(on) (%) Vs Tj (°C)
10 - 4
9 ton delay toff delay
i = = = =rise time - === :
8 1 ---A--- 130% rdson fall time
! 3
7
6
51 2
4 -
3 Tl -y =
2 1
1
0 0 = |

Figure 7 - Turn-ON Delay Time, Rise Time & Time Figure 8 - Turn-OFF Delay Time & Fall Time (us)
to 130% final Rds(on) (us) Vs Input Voltage (V) Vs Input Voltage (V)
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100 100
delay on delay off
= = = =rise time = = = =fall time
—2r——130% rdson { |
1o . /
: 10
A o n — - s E
. < bk Pl AR O =T
= 1
0.1
0.1
10 100 1000 10000 10 100 1000 10000
Figure 9 - Turn-ON Delay Time, Rise Time & Time to Figure 10 - Turn-OFF Delay Time & Fall Time (us)
130% final Rds(on) (us) Vs IN Resistor (Q) Vs IN Resistor (Q)
8 6
N 5 B
6 ? ~J
\
. ] 4
4 (' 3
A 2
2 ‘l.
e Isd 25°C 1
---A--- llim 25°C
0 ‘A!l H 0
=50 25 0 25 50 75 100 125 150

0 1 2 3 4 5 6 7 8

Figure 11 - Current lim. & | shutdown (A) Figure 12 - | shutdown (A) Vs Temperature (°C)

Vs Vin (V)
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Std. footprint 127°C/W

1 mosfet on
44— Std. footprint 100°C/W

2 mosfets on

0

-50 0 50 100 150 200

Figure 13a - Max.Cont. Ids (A)
Vs Amb. Temperature (°C) - IPS022G

100 T—TH | 1 1 1 181 1
_"‘W* = = = = T=25°C Std. footprint
— i e T2 00°C St footprint
| Current path capability should
i I i be above this curve
10 A T 11 1 !
| i

[T][ be below this curve

i
[
[

i A
I I I
|
Load characteristic should
-
*
w
-

1E-§
1E-5
1E-4
1E-3
1E-2
1E-1

Figure 14 - Ids (A) Vs Protection Resp. Time (s)
IPS022G/IPS024G

44
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5
Std. footprint 120°C/W
1 mosfet on
4 |7 Std. footprint 75°C/W
4 mosfets on
3
\
2 [~
1 el IN
0
-50 0 50 100 150 200
Figure 13b - Max.Cont. Ids (A)
Vs Amb. Temperature (°C) - IPS024G
single pulse
10 { — - —--100 Hz rth=100°C/W dT=25°C
= = = =41kHz rth=100°C/W dT=25°C
w8111 BB ,
I R
N N
b N
N . N
L]
, Al |
] Y
Vbat =14V i L
- Tjini = T sd for single pulse
all curves for 1 mosfet active <
0.1 L OLeoy b »
0.01 0.1 1 10 100

Figure 15a - Iclamp (A) Vs Inductive Load (mH)

IPS022G
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single pulse 100 =
10 4 —-—-~100 Hz rth=100°C/W dT=25°C =
= = = =1kHz rth=100°C/W dT=25°C =
~ =
n i
L | N . !
1 s =
- 1 110,
N ’ p 1| RN -
L =1
Vbat = 14V N = rth 1 mosfet active
i e e N FHHE - rth 2mosfets active [
At 0.01 :
0.1 LOLUIng § i ! i o b g z ] g
0.01 0.1 1 10 100 w w w & u M) o
Figure 15b - Max. lclamp (A) Vs Inductive Figure 16a - Transient Thermal Imped. (°C/W)
Load (mH) - IPS024G Vs Time (s) - IPS022G
100 200
1) 1P ] 180
A= 160
0 140 1=l
120
100 N
1 ‘\
80 o ———
IHI-IIl\III
il 60
0.1 40 H lin,on
FHH 20 4= = = = lin,off
0,01 LI 11T 0 N —
gl ; 3 gl ;. g E g g 50 -25 0 25 50 75 100 125 150
R T B B
Figure 16b - Transient Thermal Imped. (°C/W) Figure 17 - Input Current (UA) Vs
Vs Time (s) - IPS024G Junction Temperature (°C)
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16 ‘\ 120%
N — = —Treset
14 \\ = = = -rise time 115%
12 = fall time 110%
4
10 > 105% _—
N~ o N e =] =" —1
8 ~— 100% i —
~ | -
6 =~ 95%
4 90% —Vds clamp @ Isd
Ly [ I — ——— — — 85% = = = Vinclamp @ 10mA
0 t t t t i 80% —F ; : : :
50 -25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
Figure 18 - Rise Time, Fall Time and Treset (us) Figure 19 -Vin clamp and Vds clamp2 (%) Vs
Vs Tj (°C) Tj (°C)
Case Outline - 8 Lead SOIC
D B RECOMMENDED FOOTPRINT INCHES MILLIMETERS
Q B — OM 0N T Max | M | MAX
— I._sx 0.72 [.028] A |.0532 | 0688 | 1.35 |1.75
H H H H Al |.0040 | 0098 | 0.10 |0.25
8 7 6 5 mmm b |.014 |.018 | 036 |046
T ¢ |.0075 |.0098 | 019 |025
[@[025 [.o10]@|A@| 6.46 [.255) | | i ! D |[.189 |.196 | 480 |498
1.2 3 4 Pl 8x 1.78 [.070] E | 150 | .57 | 381 |3.99
T i m m mj e | 050 BASC | 1.27 BASIC
Hz‘ L . €1 | .025 BASIC 0.635 BASIC
27 [.050] H | .2284 [ .2440 | 580 [6.20
6X l" kK [0t |19 |o028 [048
L |06 |.050 |04t |1.27
y | o 3 0 8
— _a —-‘ p= K 45°

imtiiimis ]

£ [0.10 [.004]

——H——Sx AT—T

[# 025 Lot0] @[c[A]s]

NOTES:

1. DIMENSIONING & TOLERANCING PER ASME Y14.5M-1994.
2. CONTROLLING DIMENSION: MILLIMETER.

3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]

4. OUTLINE CONFORMS TO JEDEC OUTLINE MS-012AA.

1
Al g

©
(5)

8X

DIMENSION DOES NOT INCLUDE MOLD PROTRUSIONS.
MOLD PROTRUSIONS NOT TO EXCEED 0.25 [.006].

DIMENSION IS THE LENGTH OF LEAD FOR
SOLDERING TO A SUBSTRATE.

(MS-012AA) 01-0021 09

46
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IPS022G/IPS024G
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Case Outline - 16 Lead SOIC (narrow body)

NOTES:
< 998 [393] 1 DIMENSIONING & TOLERANCING PER ANSI Y14.5M-1982.
9.80 [.386] 2 CONTROLLING DIMENSION:  MILLIMETER
-A-] [6) & 3 DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]
i RARRAR 4 OUTLINE CONFORMS TO JEDEC OUTLINE MS—012AC.
% 6.20 [.2440] (5 DMENSION IS THE LENGTH OF LEAD FOR SOLDERING TO

A SUBSTRATE.

DIMENSION DOES NOT INCLUDE MOLD PROTUSIONS. MOLD
PROTUSIONS SHALL NOT EXCEED 0.15 [.006 ].

5.80 [.2284]
(@] 025 [010] @]c[B@)

S

N
Ny

048 °
X 45
028
025 0098] A—H_; *
010 0040 .75 1.0688
anmnmii ] 2 P Lo
m# #J -t 4 il
14X 8‘3‘2 0*8 ) 16X | 0.25 [[‘0098]] 6
019 .0075
[@] 0.25 [.010] [C|B@A@
01-3064 00
International
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IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105
IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd., Whyteleafe, Surrey CR3 0BL, United Kingdom

Tel: ++ 44 (0) 20 8645 8000
IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171-0021 Tel: 8133 983 0086

IR HONG KONG: Unit 308, #F, New East Ocean Centre, No. 9 Science Museum Road, Tsimshatsui East, Kowloon

Hong Kong Tel: (852) 2803-7380
Data and specifications subject to change without notice.  4/11/2000
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Data Sheet No.PD 60150-I

IPS031/IPS031S

FULLY PROTECTED POWER MOSFET SWITCH

Features

e Over temperature shutdown
Over current shutdown

Active clamp

Low current & logic level input
E.S.D protection

Description

The IPS031/IPS031S are fully protected three terminal
SMART POWER MOSFETSs that feature over-current,
over-temperature, ESD protection and drain to source
active clamp.These devices combine a HEXFET®
POWER MOSFET and a gate driver. They offer full
protection and high reliability required in harsh envi-
ronments. The driver allows short switching times
and provides efficient protection by turning OFF the
power MOSFET when the temperature exceeds 165°C
or when the drain current reaches 12A. The device
restarts once the input is cycled. The avalanche capability
is significantly enhanced by the active clamp and covers
most inductive load demagnetizations.

Typical Connection

Product Summary

Rds(on) 60mQ (max)

V clamp 50V

Ishutdown 12A

Ton/Toff 1.5us
Packages

IPS031S
TO-220 - IPS031

Load

R in series

(if needed)

—f

IN

control

Logic signal

www.irf.com
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Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage parameters
are referenced to SOURCE lead. (TAmbient = 25°C unless otherwise specified). PCB mounting uses the standard foot-
print with 70 um copper thickness.

Symbol | Parameter Min. Max. | Units Test Conditions
Vds Maximum drain to source voltage — 47
Vin Maximum input voltage -0.3 7 v
lin, max | Maximum IN current -10 +10 mA
Isd cont. | Diode max. continuous current (1)
rth=62°C/W IPS031 -_ 2.8 TO220 free air
rth=5°C/W  IPS031 - 18 A TO220 with Rth=5°C/W
rth=80°C/W 1PS031S —_ 22 SMD220 Std. footprint
Isd pulsed| Diode max. pulsed current (1) — 18
Pd Maximum power dissipation“)
(rth=62°C/W) IPS031 — 2 w
(rth=80°C/W) IPS031S —_ 1.56
ESD1 Electrostatic discharge voltage (Human Body) — 4 C=100pF, R=1500Q,
ESD2 Electrostatic discharge voltage (Machine Model)] — 0.5 kv C=200pF, R=0Q, L=10pH
Tj max. | Max. storage & operating junction temp. -40 +150 oc
Tiead Lead temperature (soldering, 10 seconds) — 300

Thermal Characteristics

Symbol |Parameter Min. | Typ.| Max. |Units| Test Conditions
Rth 1 Thermal resistance free air — 60 — TO-220

Rth 2 Thermal resistance junction to case — 3 —

Rth 1 Thermal resistance with standard footprint — 80 — °C/W

Rih 2  |Thermal resistance with 1" square footprint — 60 — D2PAK (SMD220)
Rth 3 Thermal resistance junction to case —_ 3 —

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

Vds (max)| Continuous drain to source voltage — 35

VIH High level input voltage 4 6 \

VIL Low level input voltage 0 0.5

lds Continuous drain current

Tamb=85°C (TAmbient = 85°C, IN = 5V, rth = 60°C/W, Tj = 125°C) 1PS031 — 3.1 A
(TAmbient = 85°C, IN = 5V, rth = 80°C/W, Tj = 125°C) IPS031S — 2.8

Rin Recommended resistor in series with IN pin 0.2 5 kO

Tr-in(max)| Max recommended rise time for IN signal (see fig. 2) — 1 uS

Fr-lsc ® |Max. frequency in short circuit condition (Vcc = 14V) 0 1 kHz

(1) Limited by junction temperature (pulsed current limited also by internal wiring)
(2) Operations at higher switching frequencies is possible. See Appl. Notes.
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Static Electrical Characteristics
(Tj= 25°C unless otherwise specified.)

IPS031/IPS031S

Symbol | Parameter Min. | Typ.| Max. Unité Test Conditions
Rds(on) [ON state resistance Tj = 25°C 20 45 60 | o | Vin=5V, Igs = 1A
Rds(on) |ON state resistance Tj = 150°C — 75 100
ldss Drain to source leakage current 0 0.5 25 Vee =14V, Tj= 25°C
@Tj=25°C A
ldss2 Drain to source leakage current 0 5 50 h Vee =40V, Tj= 25°C
@Tj=25°C
V clamp 1| Drain to source clamp voltage 1 47 52 56 ld = 20mA (see Fig.3 & 4)
V clamp 2| Drain to source clamp voltage 2 50 53 60 Id=Ishutdown (see Fig.3 & 4)
Vin clamp | IN to source clamp voltage 7 8.1 9.5 v lin=1mA
Vth IN threshold voltage 1 1.6 2 Id = 50mA, Vds = 14V
lin, -on |ON state IN positive current 25 90 200 Vin =5V
lin, -off |OFF state IN positive current 50 130 250 pA | Vi =5V

over-current triggered

Switching Electrical Characteristics

Vcc = 14V, Resistive Load = 5Q , Rinput = 50Q, 100us pulse,T;= 25°C, (unless otherwise specified).

Symbol| Parameter Min. | Typ.| Max. Units | Test Conditions
Ton Turn-on delay time 0.05 0.3 0.6

Tr Rise time 0.4 1 2 See figure 2

Trf Time to 130% final Rds(on) —_ —_ Ms

Toff Turn-off delay time 0.8 2 35 ]

Tf Fall time 05 15 25 See figure 2

Qin Total gate charge —_ 11 —_— nC |Vinh=5V
Protection Characteristics

Symbol |Parameter Min. | Typ.| Max. |Units| Test Conditions
Tsd Over temperature threshold — 165 — °C [Seefig. 1

lsd Over current threshold 10 14 18 A |Seefig. 1

Vreset IN protection reset threshold 1.5 2.3 3 Vv

Treset Time to reset protection 2 10 40 us | Vin= 0V, Tj=25°C
EOI_OT |Short circuit energy (see application note) —_— 400 — u  |Vec =14V
www.irf.com 51
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Functional Block Diagram
All values are typical
DRAIN E

___K]* 47V
D R 300Q IQM_‘ <
™ B : H A
81V l R 9 >
80 A 165 ] e
. ‘ - ]
SOURCE [ ]
Lead Assignments
2(D)
O 2 (D)
Py
1 3
In DS
1 2 3
In D S
TO-220 D2PAK (SMD220)
IPS031 IPS031S
Part Number
www.irf.con
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t < T reset t> T reset

:T shutdown

Figure 1 - Timing diagram

—)'—-K— T clamp

Vin —

Ids

Vds

( see Appl . Notes to evaluate power dissipation )

Figure 3 - Active clamp waveforms

www.irf.com
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Vin 1 : ------- \‘ .....
Tr-in
R R O B e EEEErrr e e U SRR
Tds 10% --eune- / ................................................
Td on Td off
tr tf

Figure 2 - IN rise time & switching time definitions

Rem: V load is negative

during demagnetization
e ]| @

Vin

IN Vds
ﬂ 5v T S
Ov Ids

Figure 4 - Active clamp test circuit
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All curves are typical values with standard footprints. Operating in the shaded area is not recommended.

100 -

90
80
70
60

50 -
40 -

30

20
10

0

Figure 5 - Rds ON (mQ) Vs Input Voltage (V)

o 1 2 3

10 -
9 -
8 Bt
7 4 I T e
6 ton delay
5 . = = = =rise time ’
4 ---A--- 130%final rdson |
2
14 3=
0 +
0 1 2 3 4 5 6 71

Figure 7 - Turn-ON Delay Time, Rise Time & Time
to 130% final Rds(on) (us) Vs Input Voltage (V)
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200%
180%
160%
140%
120% -~
100%
80% T—
60%
40%
20%
0%

<50 -25 0 25 50 75 100 125 150 175

Figure 6 - Normalised Rds ON (%) Vs Tj (°C)

10

9 toff delay
= = = = fall time

8

7

6

5 S

4 L

3 1 b

2 i

14 S r- = LR I

0 + + 1

Figure 8 - Turn-OFF Delay Time & Fall Time (us)
Vs Input Voltage (V)
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100 100 zsse
delay on delay off =

- = = =rise time Bis = = = =fall time ]

—tr——130% rdson T =7
10 ] = 10 2

=== = —
$ C
r Y|

=

i

|
0 100 1000 10000 0"10 100 1000 10000
Figure 9 - Turn-ON Delay Time, Rise Time & Time Figure 10 - Tum-OFF Delay Time & Fall
to 130% final Rds(on) (us) Vs IN Resistor (Q) Time (us) Vs IN Resistor (Q)
20 20
18 18
16 16
14 1 14
12 - 12
10 10
8 8
6 - 6
4 4
2 2
0 0
0 -50 -25 0 25 50 75 100 125 150
Figure 11 - Current limitation & | shutdown (A) Figure 12 - | shutdown (A) Vs Temperature (°C)

Vs Vin (V)
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20
rth = 5°C/W
181 e rth = 15°C/W —
16 { —8&—1"footprint 35°C/W | |
44 | —%—std. footprint 60°C/W Hi |
1 i i
N il L |

10 \ gl lll1l||

8 . — Hii

6 ;\\E e - \

4 [~ |- Y

2

0

Figure 13 - Max.Cont. Ids (A) Vs Amb. Figure 14 - Ids (A) Vs Protection Resp. Time (s)
Temperature (°C) IPS031 & IPS031S

single pulse max. curren 100
100{ —-—-= 100 Hz rth=60°C/W dT-25°C
= = = =1kHz rth=60°C/W dT=25°C
T HF;::
il 10
10 =5 £
= H
~ . '|
~ < W
1 4 I~ q \‘n
=0 M 0.1 Rth free air/std. footprint §
— lil Rth junction to case
—Vbat=14V ~
Tjini =T sd «
0.1 — r 0.01
0.01 0.1 1 10 100
Figure 15 - Iclamp (A) Vs Inductive Load (mH) Fig.16 - Transient Thermal Impedance (°C/W)

Vs Time (s) - IPS031/IPS031S
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200
180
160

120
100 S
80
60
40 lin,on
20 = = = = lin,off
0 —

50 -25 0 25 50 75 100 125 150

Figure 17 - Input current (uA) Vs Junction (°C)

16 +—

\. = = —Treset
14 \ ~ = = =rise time
12 - fall time

4
10 >
8 -
~ I

6 ~
4
2
0 } } +

50 -25 0 25 50 75 100 125 150

Figure 19 - Turn-on, Turn-off, and treset (us)
Vs Tj (°C)
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120%
115%
110%
105% =3
100% N
95%
90%
85%

80%
=50 -25 0 25 50 75 100 125 150

Vds clamp @ Isd

= = = =Vinclamp @ 10mA

Figure 18 - Vin clamp and V clamp2 (%)
Vs Tj (°C)
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Case Outline 3 Lead - D2PAK (SMD220)

International
TGR Rectifier

., 10.54 [415] -B-
: 10.29 [.405] [~ 469 Hgg
1.40 [.055] - : 1.32 [.052] NOTES:
a1 | ~t 122 [Lo48] )
7 1. DIMENSIONING & TOLERANCING PER ANSI Y14.5M-1982.
T 2. CONTROLLING DIMENSION: INCH,
o) " 3. DIMENSIONS ARE SHOWN IN MILLMETERS [INCHES).
15.49 [.610 2.79 [.110 . AT
o et 378 [o00) . DIMENSIONS AFTER SOLDER DIP.
‘ | 5. HEATSINK & LEAD DIMENSIONS DO NOT INCLUDE BURRS.
5.28 [.208]
% 478 [ 188] it
f 139 .05t MINIMUM RECOMMENDED FOOTPRINT
[.05
4 0.93 [.037] 055 [.022) _||. 114 [o4
0.69 [.027] 0.46 [.018] 1143 [450]
208 [ 200] " [#]0.25 [010] D[BAW) o
[#16.25 [0 WIEA®) ‘ o
10.16 [.400] 8.89 [.350]
REF. " l
{ , 17.78 [.700]
2 6.47 [.255] |
6.18 [.243] ] !
T 381 [.150] ’
OJ T  — -
@ %j 2.61 [.103)] J E |- 2554 [.100]
2.32 [.091] 2.08 [.082] 2
2
8.89 [.350]
REF.
01-0016 05
Case Outline 3 Lead - TO220
& 3.73 [.146] 4.55 [.179]
3.63 [.143] 4.35 [171] 55]
48]
51]
45]
NOTES:
115 [.045] 1. DIMENSIONING & TOLERANCING PER ASME Y14.5M~1994.
MIN 2. CONTROLLING DIMENSION: MILLMETER
3. DIMENSIONS ARE SHOWN IN MILLIMETERS |INCHES}
4. OUTLINE CONFORMS TO JEDEC OUTLINE TO-220AB.
5. HEATSINK & LEAD MEASUREMENTS DO NOT INCLUDE BURRS.
3.9 [.153)
3.7 [146]
0.9 [.035] ]t [.021]
9 [. 0.55 [.021
X 0.7 [.028] 3X 0.35 [.014]
[@]0.25 [o10]@[B]A] |28 [.110]
- 2.6 [.103]
IRGB 01-3026 01
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Tape & Reel - D2PAK (SMD220)

1.60 [.063]
1.50 [.069] 4 160 [.063]
g;g Hg’s]] e 1.50 [.059] 0.368 [.0145]
R 0.342 [.0135
TRR | [-0135]
> & 6o R N - 4 ‘ |
— 11,60 [.457]
hpe ['%g] 11.40 [.449] 24.30 [.957
65 [.065] o 15.42 [.609] e ['341]
lﬁ_"'g 16.22 [ 601] 90 [.941]
b=
10.90 [.429]
FEED DIRECTION 1.75 [.069)
10.70 [ 421] ® 125 [.049] 4.72 [186]
16.10 [.634] 4.52 [.178]
= 1590 [.626] ™
NOTES:
1. OUTLINE CONFORMS TO EIA-481 & EIA-541. 1 1352 [532] |
2. DIMENSIONS ARE SHOWN IN MILLMETERS [INCHI 12.80 [ 504]
I # s0.00
9 360.00 £X - [3.362]
[14.173] MIN.
MAX. — —{
NOTES:
1. OQUTLINE CONFORMS TO EIA-481 & EIA-541.
2. DIMENSIONS ARE SHOWN IN MILLIMETERS [’NCHES]. B 26.40 [1039] _—1 Lﬁ
24.40 [ .961]
International
IGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105

IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd., Whyteleafe, Surrey CR3 0BL, United Kingdom

Tel: ++ 44 (0) 20 8645 8000

IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171-0021 Tel: 8133 983 0086
IR HONG KONG: Unit 308, #F, New East Ocean Centre, No. 9 Science Museum Road, Tsimshatsui East, Kowloon
Hong Kong Tel: (852) 2803-7380

Data and specifications subject to change without notice.  4/16/2000
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TGR Rectifier

Data Sheet No.PD 60151-I

IPS031G/IPS032G

SINGLE/DUAL FULLY PROTECTED POWER MOSFET SWITCH

Features

Over temperature shutdown
Over current shutdown

Active clamp

Low current & logic level input
E.S.D protection

Description

The IPS031G/IPS032G are fully protected single/dual
low side SMART POWER MOSFETs that feature over-
current, over-temperature, ESD protection and drain
to source active clamp.These devices combine a
HEXFET® POWER MOSFET and a gate driver. They
offer full protection and high reliability required in
harsh environments. The driver allows short switch-
ing times and provides efficient protection by turning
off the power MOSFET when the temperature ex-
ceeds 165°C or when the drain current reaches 12A.
The device restarts once the input is cycled. The
avalanche capability is significantly enhanced by the
active clamp and covers most inductive load demag-
netizations.

Typical Connection

Product Summary

Rds(on) 70mQ (max)

V clamp 50V

Ishutdown 12A

Ton/Toff 1.5us
Packages

«*

8 Lead SOIC 16 Lead SOIC
IPS031G IPS032G
(Dual)

Load

R in series D
(if needed)
I:j IN control ‘|
[ S
Logic signal

www.irf.com
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IPS031G/IPS032G

Absolute Maximum Ratings
Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage parameters are ref-
erenced to SOURCE lead. (TAmbient = 25°C unless otherwise specified). PCB mounting uses the standard footprint with 70 um
copper thickness. All Sources leads of each mosfet must be connected together to get full current capability

Infernational
IGR Rectifier

Symbol | Parameter Min. Max. | Units Test Conditions
Vds Maximum drain to source voltage — 47
Vin Maximum input voltage -0.3 7 v
lin, max | Maximum IN current -10 +10 mA
lsd cont. | Diode max. continuous current (1)
(rth=125°C/W) 1PS031G — 1.4
(for all sd mosfets, th=85°C/W) IPS032G| — 2 A
Isd pulsed| Diode max. pulsed current (1) (for ea. mosfet)| — 15
Pd Maximum power dissipation(’)
(rth=125°C/W) IPS031G — 1 W
(for all Pd mosfets, rth=85°C/W) IPS032G| — 1.5
ESD1 Electrostatic discharge voltage (Human Body) — 4 C=100pF, R=15000,
ESD2 Electrostatic discharge voltage (Machine Model)| — 0.5 kv C=200pF, R=0Q, L=10pH
Tj max. | Max. storage & operating junction temp. -40 +150 °c
Thermal Chacteristics
Symbol |Parameter Min. | Typ.| Max. |Units| Test Conditions
Rth1 Thermal resistance with standard footprint —_ 100 —
Rth2 Thermal resistance with 1" square footprint —_ 65 —_ Solc-8
Rth1 Thermal resistance with standard footprint
(2 mos on)| (2 mosfets on) — 85 — o
Rth2 Thermal resistance with standard footprint cw SOIC-16
(1 mos on)] (1 mosfet on) — 100 —
Rth3 Thermal resistance with 1" square footprint
(2 mos on)] (2 mosfets on) — 60 —
(1) Limited by junction temperature (pulsed current limited also by internal wiring)
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IGR Rectifier

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
Vds (max)| Continuous Drain to Source voltage — 35
VIH High level input voltage 4 6 \'
VIL Low level input voltage 0 0.5
Ids Continuous drain current
Tamb=85°C (TAmbient = 85°C, IN = 5V, rth = 100°C/W, Tj = 125°C) IPS031G — 2.2 A
(TAmbient = 85°C, IN = 5V, rth = 85°C/W, Tj = 125°C) IPS032G — 1.65
Rin Recommended resistor in series with IN pin 0.2 5 kO
Tr-in(max)| Max recommended rise time for IN signal (see fig. 2) — 1 1)
Frlsc @ |Max. frequency in short circuit condition (Vcc = 14V) 0 1 kHz
Static Electrical Characteristics
(M= 25°C unless otherwise specified.)
Symbol | Parameter Min. | Typ.| Max. Unit Test Conditions
Rds(on) |ON state resistance Tj = 25°C 20 45 80 | o | Vin=5V,1ds = 1A
Rds(on) |ON state resistance Tj = 150°C — 75 100
ldss Drain to source leakage current 0 0.5 25 Vee =14V, Tj= 25°C
@Tj=25°C
ldss2 Drain to source leakage current 0 5 50 HA Vec =40V, Tj= 25°C
@Tj=25°C
\V clamp 1 | Drain to source clamp voltage 1 47 52 56 Id = 20mA (see Fig.3 & 4)
V clamp 2| Drain to source clamp voltage 2 50 53 60 ld=Ishutdown (see Fig.3 & 4)
Vin clamp| IN to source clamp voltage 7 8.1 9.5 v lin=1mA
Vth IN threshold voltage 1 1.6 2 Id = 50mA, Vds = 14V
lin, -on |ON state IN positive current 25 90 200 Vin =5V
lin, -off |OFF state IN positive current 50 130 250 pA | Vin =5V
over-current triggered

Switching Electrical Characteristics

Ve = 14V, Resistive Load = 5Q (IPS031), Resistive Load = 3Q (IPS031S), Rinput = 50Q, 100ps pulse,T;= 25°C, (unless
otherwise specified).

Symbol| Parameter Min. | Typ.| Max. [Units|Test Conditions
Ton Turn-on delay time 0.05 0.3 0.6

Tr Rise time 04 1 D) See figure 2

Tr Time to 130% final Rds(on) — 8 —_ Hs

Toff Turn-off delay time 0.8 2 3.5 )

Ts Fall time 05 15 55 See figure 2

Qin Total gate charge — 1.1 —_— nC |Vin=5V
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Protection Characteristics

International
TSGR Rectifier

Symbol | Parameter Min. | Typ.| Max. |Units| Test Conditions
Tsd Over temperature threshold — 165 — °C |See fig. 1
Isd Over current threshold 10 14 18 A | See fig. 1
Vreset IN protection reset threshold 15 2.3 3 \
Treset Time to reset protection 2 10 40 us | Vin= 0V, Tj=25°C
EOI_OT |Short circuit energy (see application note) — 400 — w | Vee =14V
Functional Block Diagram
All values are typical
DRAIN
A 471V /\ '
"Q—
3000 <
D T %
ol =
IN : "3 A
8.1 V/ZE/ l@ R >
o I sense
(]

SOURCE [ ]

Lead Assignments

D D D D D1 D1 D1 D1D2D2D2D2
Hoan ooppooon
|
D D
ilalslslilalala
?? g% S15181 11 8252 82 12
8 Lead SOIC 16 Lead SOIC
(Dual)
IPS031G IPS032G
Part Number
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IdS t < T reset t> T reset

AL /

T

Tsd|
(165 °c)

+T shutdown

Figure 1 - Timing diagram

Vin

Ids

Vds

( see Appl . Notes to evaluate power dissipation )

Figure 3 - Active clamp waveforms

www.irf.com

IPS031G/IPS032G

Figure 2 - IN rise time & switching time definitions

Rem: Vload is negative
during demagnetization

Vi D
N IVds

J_LSV T S
v _*Ids

Figure 4 - Active clamp test circuit
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IGR Rectifier

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

100 — sy vana Ve 200%

90 — —t- 1‘ —— 180%

80 4 e b . : 160%

70 +— , :Tl=15°oc 140%

60 - ‘ 120% <]

50 - 0,

— 100% —

40 1 - Ti=25°C 80%

30 - —r 60%

20 1 40%

101 | 1 . . 20%

0 +———+ — 0%
0o 1 2 3 4 5 6 7 8 .50 -25 0 25 50 75 100 125 150 175

Figure 5 - Rds ON (mQ) Vs Input Voltage (V) Figure 6 - Normalised Rds ON (%) Vs Tj (°C)
101 - 10 toff del

9 . 9 o .e ay

8 N 8 = = = =fall time

7 T Bin 7 -

6 ton delay 6 -

51 - = = =rise time 5

R N o/ fi

4. A 130% final rd;gn ’ 4

34 ',\" 3 e

2 2 :

b TS
11 3 1 74 = -
04 0 | L .
0o 1 2 3 4 5 6 7 8 o0 1 2 3 4 5 6 7 8
Figure 7 - Turn-ON Delay Time, Rise Time & Figure 8 - Turn-OFF Delay Time & Fall Time (us)
Time to 130% final Rds(on) (us) Vs Input Voltage Vs Input Voltage (V)
(V)
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100 100 253

. delay on 7 delay off H
- . . = = = =fall time
- " rise time P
—2—130% rdson -
10 1 10 1 - : 10 * fE“L
£ -
[ _ e -
I
‘ 10 100 1000 10000
10 100 1000 10000
Figure 9 - Turn-ON Delay Time, Rise Time & Figure 10 - Turn-OFF Delay Time & Fall Time (us)

Time to 130% final Rds(on) Vs IN Resistor (Q) Vs IN Resistor (Q)
20 - %0
18 ]. 18
16 16
14 < 14
12 — 12
10 10

8 8

6 i 6

4 > Isd 25°C | 4

2 7 = = = =lim 25°C[ 2

0 = —F— (]

o 1 2 3 4 5 6 7 8 50 25 0 25 50 75 100 125 150
Figure 11 - Current limimitation & | shutdown (A) Figure 12 - | shutdown (A) Vs Témperature (°C)

Vs Vin (V)
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10 -
------- rth = 50°C/W

] —¢—S08 std. footprint 100°C/W

~

40\ °t-..

-50 0 50 100 150 200

Figure 13a - Max.Cont. Ids (A)
Vs Amb. Temperature (°C) - IPS031G
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Figure 14 - Ids (A) Vs Protection Resp. Time (s)
IPS031G/IPS032G
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10 +
------- S016 Std. footprint 1 mosfet on
8- ——— S08 Std. footprint 2 mosfets on
6
44—
’\ ..\~ e
| .
2 s
0

-50 0 50 100 150 200

Figure 13b - Max.Cont. Ids (A)
Vs Amb. Temperature (°C) - IPS032G

single pulse

100 —-—-~ 100 Hz rth=100°C/W dT=25°C

= = = =1kHz rth=100°C/W dT=25°C
T ; ; ; T

If

Vbat=14V Iy
Tjini="T sd e
01 [ R N L

0.01 0.1 1 10 100

Figure 15 - Iclamp (A) Vs Inductive Load (mH)
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IR Rectifier

100

i o
L LT -IIIIII-IIIIII'AI)IHI-III]H )-IIIIII I-IIIHII-IIIIIH

10 (I 1

I_'dlll' I.IIIIII

g% III!

H! —rth SO16 std footprmt 1
mosfet active

rth SO16 std footprint 2
mosfets active

0.1

1E+03

1E-05

1E-04 - =
1E-03 =1

1E-02

0.01
2 3 8 ¥ 7 8 3z 4 s § 3 § 8
I R I B R R R g & & 4w
Figure 16a - Transient Thermal Imped. (°C/W) Figure 16b - Transient Thermal Imped. (°C/W)
Vs Time (s) - IPS031G Vs Time (s) - IPS032G
200 120%
180 115%
160 .
~ 110%
140 B e
B e el il Sl el 105% =3
120 L =
\ ~ e | —
100 LN 100% e —]
S — - |
80 — 95%
60
40 linon 90% Vds clamp @ Isd
20 H= = = = lin,off 85% - = = =Vinclamp @ 10mA
0 —] 80% —
50 25 0 25 50 75 100 125 150 50 -25 0 25 50 75 100 125 150
Figure 17 - Input current (uA) Vs Tj (°C) Figure 18 - Vin clamp and V clamp2 (%)
Vs Tj (°C)
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16 —
N = = —Treset
14 \ = = = =rise time
12 < ——fall time
b
10 >
I~
8 o P
\ o
6 -
4
2
0 + + t + + |
50 -25 0 25 50 75 100 125 150
Figure 19 - Turn-on, Turn-off, and Treset (us)
Vs Tj (°C)
Case Outline - 8 Lead SOIC
@ RECOMMENDED  FOOTPRINT oM INCHES MILLIMETERS
E— [ MN | MAX | MIN | MAX
l—-sx 0.72 [.028] A | 0532 | 0688 | 1.35 |1.75
Al | 0040 | .0098 | 0.10 |0.25
mmmm b |.014 |.018 | 036 |046
c |.0075 | .0098 | 019 |025
t [#]025 [010) @[A@]  s4s 129 ! ! ; ! D [ 189 |19 | 480 |498
1.2 3 4 Lo 8x 1.78 [.070] E | 150 | 157 | 381 |3.99
i i mmmmj e | 050 BASC | 127 BASC
}:H I | el | 025 BASIC 0635 BASIC
L 27 [050] —=4 b H | .2284 | 2440 | 580 ]6.20
6X :'“" K [on [.019 [028 [048
L |06 |.050 |04 |1.27
y | o 8 0 8"
— A «—1 Kx 4
[ ]
pIEa Y 4
(]0.10 [.004] L
——l l« 8X b Al J 8X L 8X :’r
[#[025 [010] @]c[A[8] )
NOTES:
1. DIMENSIONING & TOLERANCING PER ASME Y14.5M-1994. DIMENSION DOES NOT INCLUDE MOLD PROTRUSIONS.
2. CONTROLLING DIMENSION: MILLIMETER. MOLD PROTRUSIONS NOT TO EXCEED 0.25 [.006]
3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]. DIMENSION IS THE LENGTH OF LEAD FOR
4. QUTLINE CONFORMS TO JEDEC OUTLINE MS—-012AA. SOLDERING TO A SUBSTRATE.
(MS-012AA) 01-0021 09
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IGR Rectifier

Case Outline - 16 Lead SOIC (narrow body)

NOTES:
9.98 [.303] 1 DIMENSIONING & TOLERANCING PER ANSI Y14.5M~1982.
~9.80 [.386] ] 2 CONTROLLING DIMENSION:  MILLIMETER
ol it B 3 DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]
-A-] {8} i 4  QUTLINE CONFORMS TO JEDEC OUTLINE MS-012AC.
HHAHAAAA (5 DMENSION IS THE LENGTH OF LEAD FOR SOLDERING TO
OFY (1s7] |* 6.20 [.2440] A SUBSTRATE.
381 [150] 580 [ 2284] (67 DIMENSION DOES NOT INCLUDE MOLD PROTUSIONS. MOLD
T ! [@] 0.25 [o10] ®[c[B®@)] PROTUSIONS SHALL NOT EXCEED 0.15 [.006 ]
* HEHHEHHE
0.48 [.019] o
~— o028 [on] X ®
0°- 8° *
— i 1.75 £O688
i i 1.35 [.0532
—4 L« Vol e |
1.27 [.050 - 0.41 [.016]
14X =Y 16x | 0.25 [.0098]
0.36 [ 014 019 [o075] 16
[@] 0.25 [.010] @|CIB®|A©|
01-3064 00

International

ISR Rectifier
IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105
IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd., Whyteleafe, Surrey CR3 0BL, United Kingdom

Tel: ++ 44 (0) 20 8645 8000
IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171-0021 Tel: 8133 983 0086

IR HONG KONG: Unit 308, #F, New East Ocean Centre, No. 9 Science Museum Road, Tsimshatsui East, Kowloon

Hong Kong Tel: (852) 2803-7380
Data and specifications subject to change without notice.  4/11/2000
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Data Sheet No.PD 60152-

International
TSGR Rectifier IPS041L
FULLY PROTECTED POWER MOSFET SWITCH

Features Product Summary
Over temperature shutdown

e Over current shutdown

e Active clamp Rds(on) 500mQ (max)
e Low current & logic level input

e E.S.D protection V clamp 50V
Description Ishutdown 2A

The IPS041L is a fully protected three terminal SMART Ton/Toff 1.5us

POWER MOSFET that features over-current, over-
temperature, ESD protection and drain to source
active clamp.This device combines a HEXFET®
POWER MOSFET and a gate driver. It offers full Package
protection and high reliability required in harsh envi-
ronments. The driver allows short switching times
and provides efficient protection by turning OFF the
power MOSFET when the temperature exceeds 165°C
or when the Drain current reaches 2A. The device
restarts once the input is cycled. The avalanche
capability is significantly enhanced by the active
clamp and covers most inductive load demagnetiza-

VTS,

3 Lead SOT223

Typical Connection

Load
Rin series D
(if needed) IN
— conkrol L’
— S
Logic signal
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Absolute Maximum Ratings

Absolute maximum ratings indicates sustained limits beyond which damage to the device may occur. All voltage parameters are
referenced to SOURCE lead. (TAmbient = 25°C unless otherwise specified). PCB mounting uses the standard footprint with 70 pr

Internationa
IGR Rectifier

copper thickness.
Symbol | Parameter Min. | Max. | Units Test Conditions
Vds Maximum drain to source voltage — 47
Vin Maximum input voltage -0.3 7 v
lin, max | Maximum IN current -10 +10 mA
Isd cont. | Diode max. continuous current (1)
(rth=125°C/W) — 1.2 A
Isd pulsed| Diode max. pulsed current (1) — 3
Pd Maximum power dissipation(!)
(rth=125°C/W) - 1 w
ESD1 Electrostatic discharge voltage (Human Body) — 4 C=100pF, R=1500Q,
ESD2 | Electrostatic discharge voltage (Machine Model)| — 05 KV "C=200pF, R=00, L=10pH
Tj max. | Max. storage & operating junction temp. -40 +150 °c
Thermal Characteristics
Symbol |Parameter Min. | Typ.| Max. |Units| Test Conditions
Rth1 Thermal resistance with standard footprint — 100 = locw
Rth2 Thermal resistance with 1" square footprint — 60 —

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
Vds (max)| Continuous drain to source voltage — 35

ViH High level input voltage 4 6 \Y
VIL Low level input voltage 0 0.5

lds Continuous drain current

Tamb=85°C (TAmbient = 85°C, IN = 5V, rth = 100°C/W, Tj = 125°C) — 0.75 A
Rin Recommended resistor in series with IN pin 1 5 kQ
Tr-in(max)| Max recommended rise time for IN signal (see fig. 2) — 1 uS
Fr-lsc @ |Max. frequency in short circuit condition (Vcc = 14V) 0 1 kHz

(1) Limited by junction temperature (pulsed current limited also by internal wiring)
(2) Operations at higher switching frequencies is possible. See Appl. notes.
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Static Electrical Characteristics
(Tj = 25°C unless otherwise specified.)

IPS041L

Symbol | Parameter Min. | Typ. | Max. |Units| Test Conditions
R : . O, —

ds(on) |ON state resistance -%-=2155()C°C = ggg ggg MO | Vin = 5V, Igs = 1A
ldss1 Drain to source leakage current 0 0.5 25 Vec =14V, Tj = 25°C
@Tj=25°C
ldss2 Drain to source leakage current 0 5 50 HA Vee =40V, Tj = 25°C
@Tj=25°C
V clamp 1| Drain to Source clamp voltage 1 47 52 56 Id = 20mA (see Fig.3 & 4)
V clamp 2| Drain to Source clamp voltage 2 50 53 60 ld=lshutdown (see Fig.3 & 4)
Vin clamp|IN to Source clamp voltage 7 8.1 9.5 V llin=1mA
Vin th IN threshold voltage 1 1.6 2 Id = 50mA, Vds = 14V
lin, -on | ON state IN positive current 25 90 200 Vin =5V
lin, -off | OFF state IN positive current 50 | 130 | 250 | " [Vin=sv

over-current triggered

Switching Electrical Characteristics

Vcc = 14V, Resistive Load = 20Q, Rinput = 1kQ, 100us pulse, T;=25°C, (unless otherwise specified).

Symbol| Parameter Min. | Typ.| Max. [Units |Test Conditions
Ton Turn-on delay time 0.05 0.2 0.5 .

Tr Rise time 05 13 25 See figure 2

T Time to 130% final Rds(on) — 5 — HS

Toff Turn-off delay time 0.5 1.6 25 )

T¢ Fall time 05 15 25 See figure 2

Qin Total gate charge — 1 — nC |Vin=5V
Protection Characteristics

Symbol |Parameter Min. | Typ.| Max. |Units| Test Conditions
Tsd Over temperature threshold — 165 — °C |See fig. 1

Isd Over current threshold 1.1 1.7 2.2 A |See fig. 1

Vreset IN protection reset threshold 1.5 2.3 3 \

Treset Time to reset protection 2 10 40 pus | Vin= 0V, Tj=25°C
EOI_OT |Short circuit energy (see application note) — 400 — pd  |Vee = 14V

www.irf.com
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IPS041L Infernationa
TR Rectifier

Functional Block Diagram
All values are typical
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SOURCE [ ]
Lead Assignments
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[ ]
1 2 3
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IdS t< T reset t> T reset

A v

T
«T shutdown
Tsd| >
(165 °c)
Figure 1 - Timing diagram
4% Tclamp

Vin — e
Tds

Vds

( see Appl . Notes to evaluate power dissipation )

Figure 3 - Active clamp waveforms
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Figure 2 - IN rise time & switching time definitions

S
L
V load
Rem: Vload is negative
during demagnetization
D 4
Vin

IN Vds
J_L S5v T S
Ov 1ds

Figure 4 - Active clamp test circuit
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All curves are typical values with standard footprints. Operating in the shaded area is not recommended.

200%
180%
160%
140%
120%
100%
80% +—
60%
40%
20%
0%

-50 -25 0 25 50 75 100 125 150 175

Figure 5 - Rds ON (mQ) Vs Input Voltage (V) Figure 6 - Normalised Rds ON (%) Vs Tj (°C)

10 : Ay 4
, | ton delay , toff delay

. - = = = =rise time - - - = = = =fall time
—{ ---4--- 130%rdson o

7 —
6 ‘ —

Figure 7 - Turn-ON Delay Time, Rise Time & Time Figure 8 - Turn-OFF Delay Time & Fall Time
to 130% final Rds(on) (us) Vs Input Voltage (V) (us) Vs Input Voltage (V)
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100 e
delay on

= = = =rise time
=——tr=—=130% rdson

0.1

10 100 1000 10000

Figure 9 - Turn-ON Delay Time, Rise Time & Time
to 130% final Rds(on) (us) Vs IN Resistor ()

Isd 25°C
= = = =1lim 25°C

0o 1 2 3 4 5 6 7 8

Figure 11 - Current lim. & | shutdown (A) Vs Vin (V)
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delay off
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Figure 10 - Turn-OFF Delay Time & Fall Time
(us) Vs IN Resistor (Q)
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Figure 12 - | shutdown (A) Vs Temperature (°C)
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IPS041L Infernationa
TSR Rectifiel

3 - - . 10 e —
—&—1 footprmf 55 ?lw wii = = = =T=25°C Std footprint
—e&— std. footprint 100°C/W : ==IIHII T=100°C Std footprint
T Current path capabilit should
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= e
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Figure 13 - Max.Cont. Ids (A) Vs Figure 14 - Ids (A) Vs Protection Resp.Time (s)
Amb. Temperature (°C)
10 =
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Figure 15 - Iclamp (A) Vs Inductive Load (mH) Figure 16 - Transient Thermal Imped. (°C/W)

Vs Time (s)
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nternational IPS041L
ISR Rectifier

200 120%
180 115%
160
~ 110%
140 S
1"==-t="--r-- 105% =3
120 =
\ ~ .- - |
100 TN 100% e —
— - -
80 95%
60
0,
40 H lin,on 90% Vds clamp @ Isd
e - - - 85%
20 lin,off - = = =Vinclamp @ 10mA
ol ——T—1 80%
50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
Figure 17 - Input current (nA) Vs Tj (°C) Figure 18 - Vin clamp and V clamp2 (%)
Vs Tj (°C)
16
\; == = =Treset
14 \ = = = =rise time
12 < fall time
10 >
-~ \ .
8 S «|
\ o
6
4
2
0 1 } t } |

50 25 0 25 50 75 100 125 150

Figure 19 - Turn-on, Turn-off, and Treset (us)
Vs Tj (°C)
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Internationa

IGR Rectifiel
Case Outline - SOT-223
MILLIMETERS INCHES
DIM

D — (6] MIN_ | MAX_ | MIN_ | MAX

) 155 |1.80 |.061 |.071

B1 B | 065 | 0.85 |.026 |.033

| [#]0.10 [004]@|c|@)] B | 295 | 3.15 | 116 |.124
I - 025 | 035 [.010 [.014

\ 6.30 | 6.70 |.248 |.264

3] H E |33 | 370 |130 |.146
L [¢]0.20 [008]@[c[r@)] e | 230 BSC |.0905 BSC
T SRIIE el | 460 BSC 181 BSC

H m o 6.71 | 729 |.264 |.287
i s 091 | — o3 | —

- 0.061 BSC |.0024 BSC
[¢]0.10 [.004]@[c[B@®] —Tw | — [

1
oo o
} []o.08 [.003]

MINIMUM RECOMMENDED FOOTPRINT

I——T 3.80 [.150]
|

t—

2.00 [.079]

6.30 [.248]

.
|
A
2.00 [.079] - 1
J L« 3X 1.50 [.059]

EEI*

2X 2.30 [.091]

LEAD ASSIGNMENTS

1 = GATE
= DRAIN
SOURCE

NOTES:

1. DIMENSIONING & TOLERANCING PER ASME Y14.5M-1994.
2. CONTROLLING DIMENSION: INCH.

@ DIMENSIONS DO NOT INCLUDE MOLD FLASH.

AN

4. OUTLINE CONFORMS TO JEDEC OUTLINE TO-261AA.
5. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].

(TO-261AA) 01-0022 05
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nternational IPS041L
IGR Rectifier

Tape & Reel - SOT223
o O O O O
16.3 [.641]
‘ 15.7 [.619] ]
@ 13 inch
HHH HUd N
12.1 [.476] FEED DIRECTION
b >
11.9 [.469] t6enm —ed- ho
NOTES: .
1. CONTROLLING DIMENSION: MILLIMETER. 3. OUTLINE CONFORMS TO EIA-481 & EIA-541.
2. ALL DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]. 4. EACH ¢ 330.00 [¢ 13.00] REEL CONTAINS 2,500 DEVICES.
01-0028 05/01-0008 02

International

IGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105

IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd., Whyteleafe, Surrey CR3 0BL, United Kingdom

Tel: ++ 44 (0) 20 8645 8000

IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171-0021 Tel: 8133 983 0086

IR HONG KONG: Unit 308, #F, New East Ocean Centre, No. 9 Science Museum Road, Tsimshatsui East, Kowloon
Hong Kong Tel: (852) 2803-7380

Data and specifications subject to change without notice.  4/11/2000
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Data Sheet No.PD 60153-I

International
IGR Rectifier IPS042G

DUAL FULLY PROTECTED POWER MOSFET SWITCH

Features Product Summary
e Over temperature shutdown
e Over current shutdown
e Active clamp Rds(on) 500mQ (max)
e Low current & logic level input
¢ E.S.D protection V clamp 50V
. Ishutdown 2A
Description
The IPS042G is a fully protected dual low side SMART Ton/Toff 1 -Sus

POWER MOSFET that features over-current, over-tem-
perature, ESD protection and drain to source active
clamp.This device combines a HEXFET® POWER
MOSFET and a gate driver. It offers full protection Package
and high reliability required in harsh environments.
The driver allows short switching times and provides
efficient protection by turning OFF the power MOSFET
when the temperature exceeds 165°C or when the
drain current reaches 2A. This device restarts once
the input is cycled. The avalanche capability is
significantly enhanced by the active clamp and cov-
ers most inductive load demagnetizations.

8 Lead SOIC

Typical Connection

Load

R in series D
(if needed) IN
— control

Logic signal

www.irf.com 85



IPS042G

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage parameters are ref
erenced to SOURCE lead. (TAmbient = 25°C unless otherwise specified). PCB mounting uses the standard footprint with 70 um

Internationa
IGR Rectifier

copper thickness.
Symbol | Parameter Min. Max. | Units Test Conditions
Vds Maximum drain to source voltage - 47
Vin Maximum input voltage -0.3 7 v
lin, max | Maximum IN current -10 +10 mA
Isd cont. | Diode max. continuous current (1)
(for all Isd mosfets, rth=125°C/W) — 1.2 A
Isd pulsed| Diode max. pulsed current (1) — 3
Pd Maximum power dissipation(”
(for all Pd mosfets, rth=125°C/W) — W
ESD1 Electrostatic discharge voltage (Human Body) — 4 C=100pF, R=1500Q,
ESD2 Electrostatic discharge voltage (Machine Model)| — 0.5 kv C=200pF, R=0Q2, L=10pH
Tj max. | Max. storage & operating junction temp. -40 +150 °c
Thermal Characteristics
Symbol |Parameter Min. | Typ.| Max. |Units|Test Conditions
Rth1 Thermal resistance with standard footprint
(2 mosfets on) _— 100 —
Rth2 Thermal resistance with standard footprint o
(1 mosfet on) — 125 — C/W
Rth3 Thermal resistance with 1" square footprint
(2 mosfets on) — 65 —_

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
Vds (max)| Continuous Drain to Source voltage — 35

VIH High level input voltage 4 6 \
VIL Low level input voltage 0 0.5

Ids Continuous drain current (both mosfets at this current)

Tamb=85°C TAmbient = 85°C, IN =5V, rth = 100°C/W, Tj = 125°C — 0.53 A
Rin Recommended resistor in series with IN pin 1 5 kQ
Tr-in(max)| Max recommended rise time for IN signal (see fig. 2) — 1 uS
Fr-lsc @ |Max. frequency in short circuit condition (Vcc = 14V) 0 1 kHz
(1) Limited by junction temperature (pulsed current limited also by internal wiring)
(2) Operations at higher switching frequencies is possible. See Appl. notes.
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IGR Rectifier

Static Electrical Characteristics
(Tj= 25°C unless otherwise specified.)

IPS042G

Symbol | Parameter Min. | Typ. | Max. |Units| Test Conditions
R H ' = 0, —

ds(on) |ON state resistance T;!j =21550(;C = 2;8 ggg me | Vin = 5V, lgs = 1A
ldss1 Drain to source leakage current 0 0.5 25 Vec =14V, Tj= 25°C
@Tj=25°C
Idss2 Drain to source leakage current 0 5 50 nA Vec =40V, Tj = 25°C
@Tj=25°C
V clamp 1| Drain to Source clamp voltage 1 47 52 56 Id = 20mA (see Fig.3 & 4)
V clamp 2| Drain to Source clamp voltage 2 50 53 60 ld=lshutdown (see Fig.3 & 4)
Vin clamp | IN to Source clamp voltage 7 8.1 9.5 v lin=1mA
Vin th IN threshold voltage 1 1.6 2 Id = 50mA, Vds = 14V
lin, -on | ON state IN positive current 25 90 200 Vin = 5V
lin, -off | OFF state IN positive current 50 130 250 HA Vin =5V

over-current triggered

Switching Electrical Characteristics

Ve = 14V, Resistive Load = 20Q, Rinput = 1kQ, 100us pulse, T;= 25°C, (unless otherwise specified).

Symbol| Parameter Min. | Typ.| Max. [Units|Test Conditions
Ton Turn-on delay time 0.05 0.2 0.5

Tr Rise time 05 13 25 See figure 2

T Time to 130% final Rds(on) —_ 5 —_ US

Toff Turn-off delay time 0.5 1.6 2.5 ]

T Fall time 05 15 55 See figure 2

Qin Total gate charge —_ 1 —_— nC |Vijn=5V
Protection Characteristics

Symbol |Parameter Min. | Typ.| Max. (Units|Test Conditions
Tsd Over temperature threshold — 165 — °C |See fig. 1

lsd Over current threshold 1.1 1.7 2.2 A | See fig. 1

Vreset IN protection reset threshold 1.5 2.3 3 \'

Treset Time to reset protection 2 10 40 us |Vin= 0V, Tj=25°C
EOI_OT |Short circuit energy (see application note) — 400 — w | Vee =14V

yww.irf.com
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IPS042G International
IGR Rectifier

Functional Block Diagram
All values are typical

D T | S| |
IN S . NS J |—’ Z>
|/ —
8.1 VN @ R Q > /
30 — 1sesee | frsense
3U A A—W@-—_‘L—_—l J
l T

SOURCE
Lead Assignments
DI DI D2 D2
o0
) 1
oooo
S1 Inl S2 In2
8 Lead SOIC
www.irf.con
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Ids t< T reset t> T reset

A\ /.

T

Tsd|
(165 °c)

:T shutdown

ngure 1 - Timing diagram

S——%— Tclamp

Vin — —

Tds

Vds

( see Appl . Notes to evaluate power dissipation )

Figure 3 - Active clamp waveforms
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Figure 2 - IN rise time & switching time definitions

L
V load
Rem: Vload is negative
during demagnetization
Vi D
m
IN Vds

Sv S
o —+Ids

Figure 4 - Active clamp test circuit
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Internationa
IGR Rectifiel

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

1200 -
1100 -
1000 -
900 -
800 -
700 -
600 -
500 -
400
300 -
200 -
100 -
0

0o 1 2 3 4 5 6 7 8

Figure 5 - Rds ON (mQ) Vs Input Voltage (V)

10 —/

L ton delay
91 . ] = = = ~rise time
8 -

---A---130% rdson

o 1 2 3 4 5 6 7 8

Figure 7 - Turn-ON Delay Time, Rise Time & Time
to 130% final Rds(on) (us) Vs Input Voltage (V)
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80% +—
60%
40%
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-50 -25 0 25 50 75 100 125 150 175

Figure 6 - Normalised Rds ON (%) Vs Tj (°C)

4 = —
. o toff delay
- = = - falltime
3 T__}, T

o 1 2 3 4 5 6 7 8

Figure 8 - Turn-OFF Delay Time & Fall Time (us)
Vs Input Voltage (V)
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International IPS042G
IGR Rectifier

100 : 100
delay on —delay off
= = = ~"rise time 1 = = = =fall time
—1r—130% rdson
10 10 .
a 5 T i B
= - = 5
| e = g ol i i
-
0.1
0.1
10 100 1000 10000 10 100 1000 10000
Figure 9 - Turn-ON Delay Time, Rise Time & Time Figure 10 - Turn-OFF Delay Time & Fall Time (us)
to 130% final Rds(on) (us) Vs IN Resistor (Q) Vs IN Resistor (Q)
3 - 20
! 18
25 b 16
2 — 14
\ , 12
7 — L
1.5 — 10
8
1 6 |
0.5 - Isd 25°C 4
( im 25°C 2
0 oy Ilim 0
0o 1 2 3 4 5 6 7 8 50 -25 0 25 50 75 100 125 150
Figure 11 - Current lim. & | shutdown (A) Figure 12 - | shutdown (A) Vs Temperature (°C)
Vs Vin (V)
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3
e St footprint 127°C/W 1
mosfet
------- Std. footprmt 100°C/W 2
mosfet on
2
\
1
- ":Z\
0
-50 0 50 100 150 200
Figure 13 - Max.Cont. Ids (A) Vs
Amb. Temperature (°C)
10 T
] single pulse
[ | — -~ = 1000 Hz rth=100°C/W dT=25°C
]~ = = = 10kHz rth=100°C/W dT=25°C
ﬁﬁl 11
hl . ‘F*.m
1 \%:__.
~ N
3 .
N - \w
| Vbat=14V .
Tjini=Tsd AR N
all curves for 1 mosfet active N ) N\
0.1 RN T 3 L
0.01 0.1 1 o 100

Figure 15 - Iclamp (A) Vs Inductive Load (mH)

92

100

|

Internationa
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=== T-25°C Std. footprlnt
T=100°C Std footprint

_m "” | l Current path capability should
”” |I be above this curve

osfet is on

W i

Load characteristic should
be below this curve

L -lll
IIII -I I

NN AR
_—--II. |

; o o
w w

Figure 14 - Ids (A) Vs Protection Resp. Time (s)

=
+
w
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T

Single pulse

rth 1 mosfet active

mEIl = = = = rth 2 mosfets active

1E-05

1E-04
1E-03
1E-02
1E-01
1E+00
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1E+03

Figure 16 - Transient Thermal Imped. (°C/W)
Vs Time (s)
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200
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160
140 sl
120
100 N
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60
40 H lin,on
20 H- = = = lin,off

0 ! |

]
50 25 0 25 50 75 100 125 150

Figure 17 - Input current (uA) Vs Tj (°C)
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Figure 19 - Turn-on, Turn-off, and Treset (us)
Vs Tj (°C)
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120%
115%
110%
105% —
100% i

95%

90%

0,
85% - = = =Vinclamp @ 10mA
80% —

50 25 0 25 50 75 100 125 150

Vds clamp @ Isd

Figure 18 - Vin clamp and V clamp2 (%)
Vs Tj (°C)
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IGR Rectifier
Case Outline - 8 Lead SOIC
D B RECOMMENDED FOOTPRINT INCHES MILLIMETERS
] E— OM N T ax | M | VX
— 8x 0.72 [.028] A |.0532 |.0688 | 1.35 [1.75
H H H Al | .0040 |.0098 | 010 [0.25
8 7 6 5 014 | .018 0.36 |0.46

g

s [ ]o2s [.:1O]@|A@| sl ||
S il
6x EI”‘ l__ [.050] —=4

b

c [.0075 |.0098 | 0.19 0.25
D |.189 196 4.80 4,98
E

€

1 150 157 3.81 3.99

[

| 1

i 8X 1.78 [.070]

mm [ 050 BASC | 127 BASIC
€1 |.025 BASC | 0.635 BASC

N

H | 2284 | 2440 | 580 |6.20
K |0t |.0t9 |02 [048
L |06 |.050 |oar |1.27
y [ o 8" 0 8"
- A *l fKx a5
[ |
O ' 1
(™ [0.10 [.004] L
*1 L 8X b A J ——j 8X L 8X cT
|9 [025 [oi0] @[c|As] (5]
NOTES:
1. DIMENSIONING & TOLERANCING PER ASME Y14.5M~1994. DIMENSION DOES NOT INCLUDE MOLD PROTRUSIONS.
2. CONTROLLING DIMENSION: MILLIMETER. MOLD PROTRUSIONS NOT TO EXCEED 0.25 [.006].
3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES) DIMENSION IS THE LENGTH OF LEAD FOR
4. OUTLINE CONFORMS TO JEDEC OUTLINE MS-012AA. SOLDERING TO A SUBSTRATE.
(MS-012AA) 01-0021 09

Internationa

TSR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105

IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd., Whyteleafe, Surrey CR3 0BL, United Kingdom

Tel: ++ 44 (0) 20 8645 8000

IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171-0021 Tel: 8133 983 0086
IR HONG KONG: Unit 308, #F, New East Ocean Centre, No. 9 Science Museum Road, Tsimshatsui East, Kowloon
Hong Kong Tel: (852) 2803-7380

Data and specifications subject to change without notice.  4/11/200C
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Data Sheet No. PD60160-A

nternational

IGR Rectifier IPS0551T
FULLY PROTECTED POWER MOSFET SWITCH

“eatures Product Summary
» Over temperature shutdown
» Over current shutdown
» Active clamp Rds(on) 5.2mMQ (max)
» Low current & logic level input
» E.S.D protection \' clamp 40V
Ishutdown 100A
Description
T 4us
Mhe IPS0551T is a fully protected three terminal SMART on/Toff H

>OWER MOSFET that features over-current, over-tem-
»erature, ESD protection, and drain to source active
slamp. This device combines a HEXFET® POWER
VIOSFET and a gate driver. It offers full protection and Package
1igh reliability required in harsh environments. The driver
illows short switching times and provides efficient protec-
ion by turning OFF the power MOSFET whentemperature
:xceeds 165°C or when the drain current reaches 100A.
lhe device restarts once the input is cycled. The ava-
anche capability is significantly enhanced by the active
slamp and covers most inductive load demagnetiza-
ions.

SUPER SMD220

Advance Information

Typical Connection

Load

R in series
( if needed )

:IN control ‘I

Logic signal | S
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IPS0551T

Absolute Maximum Ratings
Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage parameter
are referenced to SOURCE lead. (TAmbient = 25°C unless otherwise specified). PCB mounting uses the standard foot-
print with 70 um copper thickness.

Internationc
IGR Rectifie

Symbol | Parameter Min. | Max. | Units Test Conditions
Vds Maximum drain to source voltage — 37
Vin Maximum input voltage -0.3 7 v
+in Maximum IN current -10 +10 mA
Isd cont. | Diode max. continuous current (1)
(rth=60°C/W) — 2.8
(rth=5°C/W) — 35 A
Isd pulsed| Diode max. pulsed current (1) — 100
Pd Maximum power dissipation(!)
(rth=60°C/W) — 2 w
ESD1 Electrostatic discharge voltage (Human Body) — 4 C=100pF, R=15000,
ESD2 Electrostatic discharge voltage (Machine Model) | — 0.5 kv C=200pF, R=0Q, L=10uH
Tj max. | Max. storage & operating junction temp. -40 +150 oc
Tiead Lead temperature (soldering, 10 seconds) — 300

Thermal Characteristics

Symbol | Parameter Min. | Typ. | Max. |Units| Test Conditions
RBth 1 Thermali resistance free air — 60 —

Rth 2 Thermal resistance to PCB min footprint —_ 60 — ocw

Rih 3 Thermal resistance to PCB 1" sq. footprint — 35 —

Rth 4 Thermal resistance junction to case —_ 0.7 —

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

Vds (max)| Continuous drain to source voltage — 18

VIH High level input voltage 4 6 \'

VIL Low level input voltage 0 0.5

Ids Continuous drain current

Tamb=85°C (TAmbient = 85°C, IN = 5V, rth = 80°C/W, Tj = 125°C) — 8 A
(TAmbient = 85°C, IN = 5V, rth = 5°C/W, Tj = 125°C) — 35

Rin Recommended resistor in series with IN pin ' 0.1 0.5 kQ

Tr-in (max)| Max recommended rise time for IN signal (see fig. 2) — 1 uS

Frlsc @ |Max. frequency in short circuit condition (Vcc = 14V) 0 1 kHz

(1) Limited by junction temperature (pulsed current limited also by internal wiring)

(2) Operations at higher switching frequencies is possible. See Appl. Notes.
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Static Electrical Characteristics
Tj= 25°C unless otherwise specified. Standard footprint 70um of copper thickness)

IPS0551T

Symbol | Parameter Min. | Typ. | Max. |Units |Test Conditions
Rds(on) |ON state resistance Tj = 25°C — 4.5 5.2
@Tj=25°C
Rds(on) |ON state resistance Tj= 150°C — 7.5 8.8 mQ | Vin =5V, lds = 10A
@Tj=150°C
ldss Drain to source leakage current 0 0.01 25 pA  [Vec =14V, Tj= 250C
@Tj=25°C
V clamp 1| Drain to source clamp voltage 1 37 40 — Id = 20mA (see Fig.3 & 4)
V clamp 2| Drain to source clamp voltage 2 — 43 48 Id=lshutdown (see Fig.3 & 4)
Vsd Body diode forward voltage — 0.85 1 v Id = 35A, Vin = 0V
Vin clamp [ IN to source clamp voltage 7 8.0 9.5 lin=1mA
Vth IN threshold voltage 1 1.5 2 Id = 50mA, Vds = 14V
lin, on Input supply current (normal operation) 25 90 300 WA Vin = 5V
lin, off Input supply current (protection mode) 50 130 400 Vin =5V

over-current triggered

Switching Electrical Characteristics

Vce = 14V, Resistive Load = 0.4Q, Rinput = 50Q, 100us pulse, Tj=25°C, (unless otherwise specified).

Symbol| Parameter Min. | Typ.| Max. [Units | Test Conditions
Ton Turn-on delay time 0.25 1 4 .

Tr Rise time 025 | 1 4 See figure 2

Trf Time to 130% final Rds(on) — 15 — us

Toff Turn-off delay time 1.5 4 8 )

T¢ Fall time 0.5 2 5 See figure 2

Qin Total gate charge — 200 — | nC [Vin=5V
Protection Characteristics

Symbol |Parameter Min. | Typ.| Max. [Units| Test Conditions
Tsd Over temperature threshold — 165 — °C |See fig. 1

Isd Over current threshold 60 90 120 A |[See fig. 1

Vreset IN protection reset threshold 1.5 1.9 2.8 \'

Treset Time to reset protection 2 10 40 us |Vin= 0V, Tj=25°C
EOI_OT |Short circuit energy (cf application note) 100 400 1200 | pJ  |Vee =14V
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Functional Block Diagram
All values are typical .

DRAIIE
—K]_* 37V
D . e ALK N
| S| L 7T
]N — | -l
s Q > J I_l Z&
8V l@ R Q >
80 A — T>165% | [sense
SOURCE
Lead Assignments
2 (D)
UUU 123
123 InDS
InD S
SUPER TO220 SUPER SMD220
(Advanced Information)
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Ids t<Treset t> T reset

A

:T shutdown

Tsd
165 °c)

Figure 1 - Timing diagram

P Tclamp

Vin

Tds

Vds

( see Appl . Notes to evaluate power dissipation )

Figure 3 - Active clamp waveforms

vww.irf.com

IPS0551T

Figure 2 - IN rise time & switching time definitions

Rem:

V load is negative

during demagnetization

Vin

IN

(ﬂ;ﬂng

Figure 4 - Active clamp test circuit
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TSR Rectifiel

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

::2 ‘ . L - 200%
— 1809
10 - ; t
9 - % - . 160%
8 +—f—1—1 /\\ - 140% —
7 4 ——] 120% =
6 | Tj =150°C 100%
L N e
i o 80% <]
3 . 60%
=25°C
2 n-% 40%
1 20%
0 0%
6 1 2 3 4 5 6 7 8 50 25 0 25 50 75 100 125 150 175
Figure 5 - Rds(on) (M) Vs Input Voltage (V) Figure 6 - Normalised Rds(on) (%) Vs Tj(°C)
(on) (on) i
40 40
T on delay 55 toff delay
35 —tr—130%rdson | | = = = =fall time
30 - = = -risetime 30
” V . A 2 -
25 L S 25
- L
20 =

X - -
. IEN
2

15 - - 25—
51— 1
0 . i 0 =
0 1 2 3 4 5 6 7 8 o 1 2 3 4 5 6 7 8
Figure 7 - Turn-ON Delay Time, Rise Time & Time Figure 8 - Turn-OFF Delay Time & Fall Time (us)
to 130% final Rds(on) (us) Vs Input Voltage (V) Vs Input Voltage (V)
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100 100 oz
delay on T delay off = H
== = ~rise time = = = =fall time
=2 130% rdson / i
4
10 H - 10
5 Cd ...:: ="
Y EEE B '
2 ' i
! 1
10 100 1000 10 100 1000
Figure 9 - Turn-ON Delay Time, Rise Time & Time Figure 10 - Turn-OFF Delay Time & Fall Time (us)
to 130% final Rds(on) (us) Vs IN Resistor () Vs IN Resistor (Q)
130 z %
120 - : 80
110 : s b 70
100 Zx \ ;
90 e L NP 60
80 - 50
70 +— - ‘ :
50 +—+ ; - 30
40 ——1—,—3 ‘
3 Isd 25°C 20
10 B <-4~ llim 25°C 10
0 S . ——— 0
0 1. 2 3 4 5 6 7 8 9 50 25 0 25 50 75 100 125 150
Figure 11 - Current lim. & Ishutdown (A) Vs Vin (V) Figure 12 - Over-current (A) Vs Temperature (°C)
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= = mrth = 1°C/W (case fo ambient) 10004 il - = = = T=25°C free air/ std. footprint

] rth = 5°C/W . .
00— . rth = 15°C/W T=100°C free air/ std. footprint
90 +— —-—--rth = 30°C/W: 1" footprint

eI th= 60°C/W: std. footprint

] ~

100

Load characteristic should
II’ be below this curve

N\ 10

-1 \‘

10 ‘\\%§\§
0 5
" = 1o 1 20 11LL|JHIL|JH|||_N||LLU1||LL

3888838

-50
w '] - L] N
w Wow w w
- - - - -
Figure 13 - Max.Cont. Ids (A) Vs Figure 14 - Ids (A) Vs Protection Resp. Time (s)
Amb. Temperature (°C)
I 1.00E+02
- e puls
1000 3 _._.. S0 e heb0°C/W dT=25°C
== 100Hz rth=60°C/W dT=25°C
——1kHz rth=60°C/W dT=25°C
i : — 1.00E+01
100 fospe: ||||- i Vill ZAm il (.
: WA g l::ll"llﬂ“(.ll
E =i + oot soo LTI U3 IO T
N I L HHE i
10 =: E | I==:I“:’;l=l}|==l;i“ R R i%}
S IH H A Single pulse
+ooe-or LLUUCEEIFCARA TR T
N T ks N rth free air / std. fooprint
1 Sini—= = = = =rth 1 inch? footprint
P —“14v = 1 00E-02 - - -A- - - rth infinite heatsink
b - . - 1] o - e - o [}
Tjini = T sd N { -] B' °| Q' GI -] -] -] -
0.1 -+t !, Woow oW oW ow ow od & W
0.001 0.01 0.1 1 10 100 - - . - - - - - -
Figure 15 - Iclamp (A) Vs Inductive Load (mH) Figure 16 - Transient Thermal Imped. (°C/W)
Vs Time (s)
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TIGR Rectifier

200 16

\i = = Treset
180 14 Q\ = = = rise time
160 .~ 12 . —fall time
140 R NS - b »
W om oM omm owm|w M = - - = N 10 "
120 \\ 8 ~ N L
100 ~N—_ T i
80 6
60
. 4
40 H I!n,on
20 T - - - Iln,Off 2 L] -aaw - - - IH - - - -
ob—1 1 1 o+ ——1 1 Fr-1
S50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
Figure 17 - Inputcurrent (nA) Vs Junction (°C) Figure 18 - Turn-on, Turn-off and Treset (uS) Vs Tj (°C)

120%

115%
110%
105% ===
100% e ——
95%
90% =

Vds clamp @ Isd

= = = Vinclamp @ 10mA
80% 7 7 7 T =

50 25 0 25 50 75 100 125 150

85%

Figure 19 - Vin clamp1 & Vin clamp2 (%) Vs Tj (°C)
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IGR Rectifier
Case outline Super TO220
9.00 [.354]
11.00 [.433]
— 1000304 5.00(.19%] 80013151
oot 15 Loz a0
———— -
1.50 [.059] H
0.50 [.020] J_ L /E ‘
| 4 13.50 [.531]
| 15.00 [.590] 12,50 [.493]
! 14.00 [.552]
|
| ] 1
L 1. 2 ]
7 LEAD ASSIGNMENTS
] : | : MOSFET IGBT
4.00[.157] 14.50 [.570] - -
3.50(.138] 1 l ' 13.00 [.512] 1-GATE 1-GATE
IR 2-DRAIN 2- COLLECTOR
| | | 3- SOURCE 3- EMITTER
g0 4-DRAIN 4 - COLLECTOR
; x 1:00(.039] e
L 1.30[.051] 07010281'4 PR
X 090 036] 1. DIMENSIONING & TOLERANCING PER ASME Y14.5M-1994.
[¢ozs100 @ [6][A®] - e 2. CONTROLLING DIMENSION: MILLIMETER.
X 3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].
4. OUTLINE CONFORMS TO JEDEC OUTLINE TO-273AA.
01-3073 02

Case outline Super SMD220 (advance information)

19.60
~ 'J @ = THRD ANGLE PROJECTIN
L IF IN ODUBT-ASK
— |

T
1
: :
@
! " MINIMUM RECOMMENDED
) FOOTPRINT
S | b . 86
43
EST €8 % T
"2l "2} |
—t F

CO-PLANARITY

* s & wi |H
Hiiala .

DONOT SCALE DRAWING ~ REMOVE ALL BURRS AND SHARP EDGES

IRGB-012-012 5

4/17/200:
104 www.irf.con



International
IGR Rectifier

Data Sheet No.PD 60155H

IPS511/IPS511S

FULLY PROTECTED HIGH SIDE POWER MOSFET SWITCH

Features

Product Summary

e Over temperature protection (with auto-restart)
¢ Short-circuit protection (current limit ) Rds(on) 135mo (max)
e Active clamp
e E.S.D protection
e Status feedback V clamp 50V
e Open load detection | Limit 5A
e | ogic ground isolated from power ground
V open load 3V
Description
The IPS511/IPS511S are fully protected five terminal Truth Table
high side switches with built in short circuit, over-tem- . |
perature, ESD protection, inductive load capability Op. Conditions | In Out Dg
and diagnostic feedback. The output current is con- Normal H H H
t'rol_led. wh_en it _reaches I_nm value. The currgnt Normal L L L
limitation is activated until the thermal protection a
acts. The over-temperature protection turns off the Open load H H
high side switch if the junction temperature exceeds Open load L H H
Tshutdown. It will automatically restart after the junc- Over current H - L
tion has cooled 7°C below Tshutdown. A diagnostic 0 L L (I'nEtung)
pin is provided for status feedback of short-circuit, ver current L
over-temperature and open load detection. The double Over-temperature | H | L (cycling) L
level shifter circuitry allows large offsets between the Over-temperature | L L L
logic ground and the load ground.
Typical Connection Packages
+VCC
+35v Output pull-up resistor
15K
Status I 1 Ve
feedback Dg
1 Logic control
Rdg — Out D2Pak (SMD220
IPS511S
Rin In Gnd
—
. Load
L.°g‘°1 TO220
e Logic Gnd Load Gndl___ IPS511
www.irf.com 105
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1/IPS511S

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. (Tj= 25°C unless otherwise specified).

International
TSR Rectifier

Symbol | Parameter Min. | Max. | Units Test Conditions
Vout Maximum output voltage Vee-50 |Vee+0.3
Voffset Maximum logic ground to load ground offset | Vce-50 | Vee+0.3
Vin Maximum Input voltage -0.3 5.5 v
Vee max | Maximum Vee voltage - 50
lin, max. | Maximum IN current -5 10 mA
Vdg Maximum diagnostic output voltage -0.3 55 \Y
Idg, max | Maximum diagnostic output current -1 10 mA
Isd cont. | Diode max. permanent current (1) — 22
Isd pulsed| Diode max. pulsed current (1) — 10 A
ESD1 Electrostatic discharge voltage (Human Body) — 4 C=100pF, R=15000,
ESD2 Electrostatic discharge voltage (Machine Model)] — 0.5 kv C=200pF, R=0Q, L=10pH
Pd ' Maximum power dissipation“)
(TC=25°C) IPS511 — 25 W
(rth=80°C/W) IPS511S — 1.56
Tj max. | Max. storage & operating junction temp. -40 +150 oc
Tlead Lead temperature (soldering 10 seconds) —_ 300
Thermal Characteristics
Symbol |Parameter Min. | Typ.| Max. |Units| Test Conditions
Rth 1 Thermal res!stance J:unct?on to case — 5 — T0-220
Rth 2 Thermal resistance junction to ambient — 60 —
Rth 1 Thermal resistance with standard footprint — 60 — | °cw
Rth 2 |Thermal resistance with 1" square footprint — 40 — D2PAK (SMD220)
Rth 3 Thermal resistance junction to case — 5 —_

(1) Limited by junction temperature (pulsed current limited also by internal wiring)

106
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Recommended Operating Conditions
These values are given for a quick design. For operation outside these conditions, please consult the application notes.

IPS511/IPS511S

Symbol| Parameter Min.[ Max.| Units
Vee Continuous V¢ voltage 5.5 35

VIH High level input voltage 4 5.5 \Y
VIL Low level input voltage -0.3 0.9

lout Continuous output current

Tamb=85°C (TAmbient = 85°C, Tj = 125°C, Rth < 60°C/W) IPS511 — 1.7 A

(TAmbient = 85°C, Tj = 125°C, Rth = 80°C/W) IPS511 — 1.5

Rin Recommended resistor in series with IN pin 4 6

Rdg Recommended resistor in series with DG pin 10 20 ka
Static Electrical Characteristics

(Tj= 25°C, V¢c = 14V unless otherwise specified.)

Symbol | Parameter Min. | Typ. | Max. UnitJ Test Conditions
Rds(on) |ON state resistance Tj=25°C — 110 135 Vin = 5V, lout = 2.5A
@Tj=25°C

Rds(on) |ON state resistance @ Vcc = 6V — 110 | 135 Vin =5V, lout = 1A
(Veo=6V) ma

Rds(on) |ON state resistance Tj = 150°C — 200 — Vin =5V, lout = 2.5A
@Ti=150°C

Vee oper. | Operating voltage range 5.5 — 35

V clamp 1|V¢c to OUT clamp voltage 1 50 56 — Id = 10mA (see Fig.1 & 2)
V clamp 2| V¢c to OUT clamp voltage 2 —_ 58 65 v Id = Isd (see Fig.1 & 2)
\Yi Body diode forward voltage — 0.9 1.2 Id = 2.5A, Vin = OV

lcc off Supply current when OFF — 16 50 pA | Vin =0V, Vout = 0V
lcc on Supply current when ON — 0.7 2 mA | Vin=5V

lcc ac Ripple current when ON (AC RMS) — 20 . pA [ Vin=5v

Vdgl Low level diagnostic output voltage — 0.15 0.4 Vv Idg = 1.6 mA

loh Output leakage current — 60 110 Vout = 6V

lo| Output leakage current 0 — 25 uA Vout = OV

Idg

leakage |Diagnostic output leakage current — — 10 Vdg = 5.5V

Vih IN high threshold voltage — 2.3 3 v

Vil IN low threshold voltage 1 1.95 —

lin, on On state IN positive current — 70 200 | pA | Vjh =5V

In hyst. | Input hysteresis 0.1 0.25 0.5 \
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IPS511/IPS511S Infernational

ISR Rectifier
Switching Electrical Characteristics
Ve = 14V, Resistive Load = 5.6Q, T;= 25°C, (unless otherwise specified).
Symbol| Parameter Min. | Typ.| Max. [Units | Test Conditions
Tdon Turn-on delay time — 7 50
Tr Rise time to Vout = Vcc -5V —_ 10 50 us
Tr2 Rise time V¢c - 5V to Vout = 90% of Ve — 45 100 See figure 3
dv/dt (on)| Turn ON dy/dt — 1.3 4 V/us
Eon Turn ON energy — 400 — [IN)
doff Turn-off delay time — 15 50
Tt Fall time to Vout = 10% of Voo - 10 50 | *° |see figure 4
dv/dt (off)| Tur OFF dv/dt — 2 6 | Vius
Eoff Turn OFF energy — 80 — pnd
Tdiag Vout to Vdiag propagation delay —_ 5 15 us | See figure 6
Protection Characteristics
Symbol |Parameter Min. | Typ.| Max. |Units| Test Conditions
llim Internal current limit 3 5 7 A |Vout=0V
Tsd+ Over-temp. positive going threshold — 165 — °C |[See fig. 2
Tsd- Over-temp. negative going threshold — 158 — °C |[Seefig. 2
Vsc Short-circuit detection voltage (3) 2 3 4 V | See fig. 2
Vopen load Open load detection threshold 2 3 4 \
(3) Referenced to Vg
Lead Assignments
3 (Vce)
O 3 (Vee)
1-Ground
2-In
3-Vce
Yhery
5-0ut
12345
12345 <
5Lead - TO220 5 Lead - D2PAK (SMD220)
IPS511 IPS511S
Part Number
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Functional Block Diagram
All values are typical

IPS511/IPS511S

DG [

VCC
— L
50V :; \
Over
temperature 165°C
l58°CTJ Charge
62 >ZX\ pump
 J
2.7 VR j
1 Level
INEJH D> =
7V 200 KQ shift

+—5A

7V *»
20 Q 3V + v
e | S| Open load Short-circuit -
[ L

LJ

GND

T clamp

Vin ——-l

lout

(+ Vcc!
Q.V.

Out r

V clamp

( see Appl . Notes to evaluate power dissipation )

Figure 1 - Active clamp waveforms

www.irf.com

Tout

T shutdown , cycling

Tlim,

Tsd+
Tsd-

Figure 2 - Protection timing diagram
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IGR Rectifier
Vin
Vee
90%
Vee- 5V
Vout ¢ —avidton N e
10%
Td on
Figure 3 - Switching times definition (turn-on) Figure 4 - Switching times definition (turn-off)
Turn on energy with a resistive or an
inductive load
Vin
—] Dg Vce Vee
Vee -Vse
Out {
Gnd A X
L G‘? Vout
) Vol
Vout
R
Vdiag
Tout
¢ Diag on blanking Diag off blanking
Rem: V load is negative during demagnetization T diag ‘
Figure 5 - Active clamp test circuit Figure 6 - Diagnostic delay definitions
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150 200%

I\ /]
! /

50 | 100% pd

0 50%
0 5 10 15 20 25 30 35 -50 0 50 100 150
Figure 7 - Rds(on) (M) Vs V¢c (V) Figure 8 - Normalized Rds(on) (%) Vs Tj (°C)

150 10 T

50

0.1

o
1.00E+D1
1.00E-02
1.00E+D3
1.0DE+D4
1.00E+05
1.00E+06

Figure 9 - Rds(on) (mQ) Vs loyt (A) Figure 10 - Max. lgyt (A) Vs Load Inductance (uH)
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5
-~ ] |
Rthja= 20°C/W\ \ithja= 10°C/W
4
b w  Rthja=40°C/W \
3 1= N N
)
L]
<.\
2 Free air \ ~ - < \\
: N
N\
1 \
0
25 50 75 100 125

Figure 11a - Max load current (A) Vs Tamb (°C)
IPS511

100

0.1 =HH

0.01

Figure 12 - Transient Thermal Impedance (°C/W)
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Vs Time (S)

1E+00

150

Internationa
TSGR Rectifier

linch? footprint

Rthja= 35°C/W

4-\
"

\
s$\ \

2
Rihja= 60°C/W ‘\\
; k
0 \.
25 50 75 100 125

150

Figure 11b - Max load current (A) Vs Tamb (°C)

IPS5118

0 50 100

Figure 13 - ljim (A) Vs Tj (°C)

150
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IPS511/IPS511S

IGR Rectifier
600 Resistive load 10000
1000 - -
— 01 I=Imax vs Induct.(see fig.10)
400 - = =Eoff |u 1 11 i1
100 &= |=1.5A H ==z == ==z
7 4 1l
200 e
1
/ R R -
- owe| ™
P L]
0 = 01 Hill
0 1 2 3 S S 3 S 8 8
Figure 14 - Eon, Eoff (uJ) (A) Vs lout (A) Figure 15 - Eon (uJ) Vs Load Inductance (uH)
(see Fig. 3)
150 1.00E-03
125 [
Diag on blanking
100 // 1.00E-04
75 i
7
50 1.00E-05 -
Dipg off brnking
0
1.00E-06
0 1 2 3 0 5§ 10 15 20 25 30 35

Figure 16 - Diag Blanking time (uS) Vs lout (A)
(resistive load - see Fig. 6)
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Figure 17 - Icc (mA) Vs Ve (V)
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ISR Rectifier
150 T
125 /
100
s //
75 /,
50 =
25
0
50 -25 0 25 50 75 100 125 150
Figure 18 - lin @ Vin =5V (uA) Vs Tj(°C)
Case Outline 5 Lead - TO220
10.54 [.415) 5]
9.91 [.390] 2 3.96 [156] 4.82 [.190]
2.94 [.116] 353 [.139] == 419 [165]
2.54 [.100] ] ! 1.39 [.055]
1 ; 1 0.89 [.035] T[T
B 6.60 [.260] 1
} {*;’} 6.00 [.236] j
15.87 [.625] !
14.48 [.570] | } NOTES:
1 1. DIMENSIONING AND TOLERANCING PER ASME Y14.5M~1994.
12345 2. CONTROLLING DIMENSION: INCH.
| | | ] | - 3. ALL DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]
4. OUTLINE SMILAR TO JEDEC OUTLINE SERIES TS-001.
14.09 [.555] AR RN
1559[535] I
101 [040] f ¢ 063 [.025]
-—_l 0 51 [.020] ' 0.31 [.012]
1.70 [.067 L
[170 Loe7] $[025 [.010)@[8[A0]c] 292 [.115]
1 ™7 216 [.085]

IRGB 01-3042 01
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Case Outline 5 Lead - D2PAK (SMD220)

4.55 [.179]
10.5

(e] 10.35 [.407]
[413] 4.35[172]
10.3 [.406] ] | 1:4[.055]
[j I —.? 1.2 [.048]
|
f
l

™ 10.15[.399]

—
o
B
o4

1

R Ew 7 TisLas)
15.3 [.602] ST /
4 5 || 1450570] { 4 | |
A

. f

1 , .
» ' ' ‘ [0a] &
[ UJ @ % 5.25[.206] | ! \

i , 4.75 [.188] ‘\ !

§ — U

N
LJI«MS?[SSQ]

ol !

Vi

—E=E=~

4
—Er=
—]

0.55 [.021] 8.9 [.350]
4% 0,35 [.014] REF.
l$|0.2 [.008]@ |8 lA@I
RECOMMENDED FOOTPRINT VIEW "F”

— 10.59 [.417] e

1

|
!
7.29 i.zsﬂ } {025 [Lo10][8]

—~i [ ]025 L010][8]

[ 15.57 [.613]
| o
‘ l ! | ~f e 3" MAX ~=lle 8" MAX
2.46 [ 097] l
| 1 NOTES:
1. DIMENSIONING & TOLERANCING PER ASME Y14.5M-1994.
4% 1.70 [.067] ...\ L 2. CONTROLLING DIMENSION: MILLIMETER.
4% 1.02 [.040] 3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].

4. OUTLINE SIMILAR TO JEDEC OUTLINE SERIES TO-263.
DIMENSION IS THE LENGTH OF LEAD FOR SOLDERING TO A SUBSTRATE.

01-3066 00
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Tape & Reel 5 Lead - D2PAK (SMD220)

.60 [ 063

410 [

50 [ 1
‘ol °y .059] 0.368 [.0145]
. ﬂ (“’ + —’”“‘ 0.342 F.o135]

LCARCHRCCS > b o6 b S| + L
FIE RETee:
N

i 16,22 [.601]
] |
FEED DIRECTION 1090 [ —L———l 0 178 Eosg% __J | 472 [186]

10.70 [
452 [178]

.

—_— e

16.10 [.6341

s 13.52 [532] .
12.80 [.504]
Il ¢ 60.00
¢ 360.00 -t [3.362]
[14.173) MIN.
MAX. . NOTES:
1. OUTLINE CONFORMS TO EIA-481 & EIA-541.
2. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].
r O 1039 U
1

01-3071 00/01-3072 00

L

i
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IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105

IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd., Whyteleafe, Surrey CR3 0BL, United Kingdom

Tel: ++ 44 (0) 20 8645 8000

IR JAPAN: K&H Bidg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171-0021 Tel: 8133 983 0086
IR HONG KONG: Unit 308, #F, New East Ocean Centre, No. 9 Science Museum Road, Tsimshatsui East, Kowloon
Hong Kong Tel: (852) 2803-7380

Data and specifications subject to change without notice.  3/27/200C
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Data Sheet No.PD60156-J

IPS511G/IPS512G

FULLY PROTECTED HIGH SIDE POWER MOSFET SWITCH

Features

e Over temperature protection (with auto-restart)
e Short-circuit protection (current limit)

e Active clamp

E.S.D protection

Status feedback

Open load detection

Logic ground isolated from power ground

Description

The IPS511G/IPS512G are fully protected five terminal
high side switches with built in short-circuit, over-tem-
perature, ESD protection, inductive load capability
and diagnostic feedback. The output current is con-
trolled whenitreaches ljjm value. The currentlimitation
is activated until the thermal protection acts. The
over-temperature protection turns off the high side
switch if the junction temperature exceeds Tshutdown.
It will automatically restart after the junction has
cooled 7°C below Tshutdown. A diagnostic pin is
provided for status feedback of short-circuit, over-
temperature and open load detection. The double
level shifter circuitry allows large offsets between the
logic ground and the load ground.

Typical Connection

Product Summary

Rds(on) 150mQa (max)

V clamp 50V

| Limit 5A

V open load 3V

Truth Table

Op. Conditions | In Out Dg
Normal H H H
Normal L L L
Open load H H H
Open load L H H
Over current H | L (limiting) L
Over current L L L
Over-temperature | H | L (cycling) L
Over-temperature | L L L

Available Package

+5v Output pull-up resistor

15K
Status I 1

feedback Vee
eedbac Dg
— e control _|

[ Out

Logic

Rdg —

+ VCC

. |
Rin In Gnd

"

T Load

Logic
signal

Logic Gnd

Load Gnd I___

8 Lead SOIC
(Single)
IPS511G

16 Lead SOIC
(Dual)
IPS512G

www.irf.com
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IPS511G/IPS512G

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. (Tj= 25°C unless otherwise specified).

Internationa
IGR Rectifiel

Symbol | Parameter Min. | Max. | Units Test Conditions
Vout Maximum output voltage Vee-50 |Vee+0.3
Voffset | Maximum logic ground to load ground offset | Vge-50 |Vec+0.3 v
Vin Maximum Input voltage -0.3 55
lin, max | Maximum IN current -5 10 mA
Vdg Maximum diagnostic output voltage -0.3 5.5 \"
Idg, max | Maximum diagnostic output current -1 10 mA
Isd cont. | Diode max. continuous current (1)
(IPS511G)|, — 1.4
(per leg/both legs ON - IPS512G)| — 0.8 A
Isd pulsed| Diode max. pulsed current (1) — 10
ESD1 Electrostatic discharge voltage (Human Body) —_ 4000 C=100pF, R=15000,
ESD2 Electrostatic discharge voltage (Machine Model)| — 500 v C=200pF, R=0Q, L=10pH
Pd Maximum power dissipation
(rth=125°C/W) IPS511G — 1 W
(rth=85°C/W, both legs on) IPS512G — 1.5
Tj max. | Max. storage & operating junction temp. -40 +150 °C
Vvv max | Maximum Vcc voltage —_ 50 \'
Thermal Characteristics
Symbol |Parameter Min. | Typ.| Max. [Units|Test Conditions
T e e I LT
Rth1 Thermal resistance with standard footprint
(2 mos on) (2 mosfets on) - 85 — locw
Rth2 (1) |Thermal resistance with standard footprint 16 Lead SOIC
(1 mos on) (1 mosfet on) — 100 —
Rth2 Thermal resistance with 1" square footprint
(2 mos on) (2 mosfets on) — 50 —

(1) Limited by junction temperature (pulsed current limited also by internal wiring)
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nternational IPS511G/IPS512G

ISR Rectifier

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
Vee Continuous V¢¢ voltage 5.5 35

VIH High level input voltage 4 5.5 Vv
ViL Low level input voltage -0.3 0.9

lout Continuous output current

Tamb=85°C (TAmbient = 85°C, Tj = 125°C, rth = 100°C/W) IPS511G — 1.4 A
lout Continuous output current per leg

Tamb=85°C (TAmbient = 85°C, Tj = 125°C Rth = 85°C/W both legs on) IPS512G — 1.0

Rin Recommended resistor in series with IN pin 4 6 kO
‘Rdg Recommended resistor in series with DG pin 10 20

Static Electrical Characteristics
(M= 25°C, Vgc = 14V unless otherwise specified.)

Symbol | Parameter Min. | Typ. | Max. Unité Test Conditions
Rds(on) [ON state resistance Tj=25°C - 130 | 150 Vin =5V, lout = 2.5A
@Tj=25°C

Rds(on) |ON state resistance @ Vcc = 6V — 130 | 150 Vin =5V, lout = 1A
(Vec=6V) me

Rds(on) |ON state resistance Tj = 150°C —_ 220 — Vin =5V, lout = 2.5A
@Ti=150°C

Vce oper. | Operating voltage range 5.5 — 35

V clamp 1| Vcc to OUT clamp voltage 1 50 56 — Id = 10mA (see Fig.1 & 2)
V clamp 2| Vce to OUT clamp voltage 2 — 58 65 V' [d=lIsd (see Fig.1 & 2)
Vi Body diode forward voltage — 0.9 1.2 Id = 2.5A, Vin = 0V
lcc off Supply current when OFF — 16 50 pA | Vin =0V, Vout = 0V
lec on Supply current when ON — 0.7 2 mA | Vin=5V

lcc ac Ripple current when ON (AC RMS) — 20 — | pA | Vin=5V

Vdgl Low level diagnostic output voltage — 0.15 0.4 V_ |ldg=1.6mA

lol Output leakage current — 60 120 Vout = 6V

lol Output leakage current 0 — 25 uA Vout = OV

Id

Iegkage Diagnostic output leakage current — — 10 Vdg = 5.5V

Vih IN high threshold voltage — 2.3 2.5 v

Vil IN low threshold voltage 1 2 —

lin, on On state IN positive current — 70 200 pA | Vin=5V

In, hyst. |Input hysteresis 0.1 0.25 0.5 Vv
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IPS511G/IPS512G

Switching Electrical Characteristics

Ve = 14V, Resistive Load = 5.6Q, T;= 25°C, (unless otherwise specified).

Internationa
IGR Rectifie

Symbol | Parameter Min. |Typ.| Max. [Units Test Conditions
Tdon Turn-on delay time — 7 50
Tr Rise time to Vout = Vee - 5V — 10 50
Tro Rise time from the end of TR1 to HS | See figure 3
Vout = 90% of Vcc —_ 45 95
dv/dt (on) [ Turn ON dv/dt — 1.3 4 V/us
Eon Turn ON energy —_ 400 —
Tdoff Turn-off delay time — 15 50 HS See figure 4
T Fall time to Voyt = 10% of Vge —_ 10 50
dv/dt (off) | Turn OFF dv/dt — 2 6 V/us
Eoff Turn OFF energy — 80 — pd
Tdiag Vout to Vdiag propagation delay — 5 15 us
Protection Characteristics
Symbol |Parameter Min. | Typ.| Max. |[Units| Test Conditions
llim Internal current limit 3 5 7 A |Vout=0V
Tsd+ Over-temp. positive going threshold — 165 — °C |[See fig. 2
Tsd- Over-temp. negative going threshold —_ 158 — °C |[See fig. 2
Vsc Short-circuit detection voltage (3) 2 3 4 V |See fig. 2
Vopen load Open load detection threshold 2 3 4 Vv
(3) Referenced to Vge
Lead Assignments
Vee Vee Vee Vee
D D [:] l:l In1Gnd1 Vee Vee Vee Vec Out2 Dg2
Aogadgnn
D | )
1
GNDIN DG OUT Dg10ut1 Ve VeeVee Vee Gnd2 In2
8 Lead SOIC 16 Lead SOIC
IPS511G IPS512G
Part Number
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nternational IPS511G/IPS512G

IGR Rectifier

Functional Block Diagram
All values are typical

VCC

A

Under voltage
lock out
50V

Over

temperature 165°C
1ssc L Charge
62 bZP pump
2.7 vl\ |
1 Level
IN[J\% j lﬂ/ [D -
shift
7V 200 KQ

DG E "> limit +—5A |
*- 40Q 3V}_\_:Dv v-——ﬁﬁi 3v
—{:?u Open load Short-circuit < ‘,____I__‘—,j
GND vouT

B e B e ta— L

T shutdown, cycling

—

lout

(+ Ve )

Out r

V clamp

( see Appl . Notes to evaluate power dissipation )

Figure 1 - Active clamp waveforms Figure 2 - Protection timing diagram
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IPS511G/IPS512G

Vin

Vee

90%
Vee- 5V

Vout

10%

é/dvldt on

Td on

Tr2

Iout2

o2

Figure 3 - Switching times definition (turn-on)
Turn on energy with a resistive or an
inductive load

Dg Vce

Vout

Internationa
IGR Rectifiel

Figure 4 - Switching times definition (turn-off)

Rem :

V load is negative during demagnetization

Figure 5 - Active clamp test circuit
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Vin
Vee
Vee -Vse
+
4
L (v Vout
) Vol
Vdiag
Tout
Diag on blanking Diag off blank
T diag

Figure 6 - Diagnostic delay definitions
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ISR Rectifier
150 -\
1 A\
100
50
0 + -+ -+
0 5 10 15 20 25 30 35
Figure 7 - Rds(on) (M) Vs V¢c (V)
150
100
50
0
0 1 2 3 4 5
Figure 9 - Rds(on) (mQ) Vs lout (A)
www.irf.com

200%

150%

100%

50%

IPS511G/IPS512G

/

e

-50

Figure 8 - Normalized Rds(on) Vs Tj (°C)

10
N
\~.
1
N
0.1
- o @ - w @
e ] -] - ] -1
* * * * - *
w W W w W w
e e ] ] e e
-] -} - - -} &
- - - - - -

Figure 10 - Max. lgyt (A) Vs Load Inductance (uH)
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IPS511G/IPS512G

5
4l

I linch? footprint
3 \ Rthja= 60°C/W
2 T — \'\

T T~

Standard footprint \

1] Rth=100°C/W N
0 + +—f— ! F—t—t—t

25 50 75 100 125

150

Figure 11a - Max load current (A) Vs Tamb (°C)
IPS511G

100

0,01

b

g 2 2

Z

g

2

2

Figure 12 - Transient Thermal Impedance (°C/W)
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Vs Time (S) - IPS511G/IPS512G

g

Internationa

IGR Rectifie!

5
4 1
3 J

] Standard footprint

L one leg on
2 [ ——

—

I T —
1 \

4 Standard footprint T —

both legs on
o ;
25 50 75 100 125 150

Figure 11b - Max load current (A) Vs Tamb (°C)

IPS512G

6

5'%

4 4

3

2

1

-50 0 50 100 150
Figure 13 - liim (A) Vs Tj (°C)
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600 Resistive load

200 /

0 1 2 3
Figure 14 - Eon, Eoff (uJ) vs | (A)
150
125
Diag on blanking
100 //
Pd
75
7
50
25 “_—_/
Dipg off b1anking
0
0 1 2 3

Figure 16 - Diag Blanking time (uS) Vs lout (A)
(resistive load - see Fig. 6)
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10000
1000
I=Imax vs Induct.(see fig.10)
IX 111 i
100'5 I=1.5A =3 - ==za: == ==:z
I
N
10
= N
1
o [I]
S ] 3 3 8 8
o i] i ] i i
Figure 15 - Eon (uJ) Vs Load Inductance (uH)
(see Fig. 3)
1.00E-03
! |
1.00E-04 -
e —
1.00E-05 - —
1.00E-06

0 5 10 15 20 25 30 35
Figure 17 - Icc (mA) Vs Vec (V)
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IPS511G/IPS512G Infernationc

.025 BASIC 0.635 BASIC

ISR Rectifie
Case Outline - IPS511G
D 8] RECOMMENDED FOOTPRINT D | NCHES MILLIMETERS
reY - MN | MAX | MN | MAX
— 8X 0.72 [.028] A | 0532 | 0688 | 1.35 |1.75
H H H - Al |.0040 | 0098 | 0.10 |0.25
8 7 6 5 m m m m b | 014 |.018 | 036 |046
H TN c |.0075 | 0098 | 019 |0.25
| ]025 [o10] ®|A@[ 64612550 | | 1 | D | 189 | .19 | 480 |498
12 3 4 Lo 8x 1.78 [.070] E |.150 |.157 | 381 ]399
E H mlﬂmmj e |.050 BASIC | 1.27 BASIC
S X

H
o EI——' 1—-— 27 [.050] —ef =

H | 2284 | 2440 | 580 |6.20
K |.Ci1 .019 0.28 0.48
L |06 |.050 |04 |t127
y | o 8 o 8
- . ‘l f—K x 45
= \
I j‘i ’ {
£ [0.10 [.004]
——! l—~ 8X b Al ——l 8X L 8X :r
[¢]025 Loto] @[c[A]8] 5]
NOTES:
1. DIMENSIONING & TOLERANCING PER ASME Y14.5M-1994. DIMENSION DOES NOT INCLUDE MOLD PROTRUSIONS.
2. CONTROLLING DIMENSION: MILLIMETER. MOLD PROTRUSIONS NOT TO EXCEED 0.25 [.006]
3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]. DIMENSION IS THE LENGTH OF LEAD FOR
4. OUTLINE CONFORMS TO JEDEC OUTLINE MS—012AA. SOLDERING TO A SUBSTRATE.
8 Lead SOIC (MS-012AA) 01-0021 09

126 www.irf.com



nternational IPS511G/IPS512G
&R Rectifier

case Outline

NOTES:
9.98 [.393] 1 DIMENSIONNG & TOLERANCING PER ANSI Y14 5M-1982.
™ 9.80 [.386] " 2 CONTROLLING DIMENSION: ~ MILLIMETER
e 3 DIMENSIONS ARE SHOWN IN  MILLIVETERS [INCHES]
-A-] (&) i 4 QUTLINE CONFORMS TO JEDEC OUTLINE MS-012AC.
) * HAAAAA 620 (2640 DUENSION 1S THE LENGTH OF LEAD FOR SOLOERNG 10
16 . .
b4 399 [157 .
2819 [[120]] 5.80 [.2284] (6] DIMENSION DOES NOT INCLUDE MOLD PROTUSIONS. MOLD
. : [@] 025 [010] ®[c[B@) PROTUSIONS SHALL NOT EXCEED 0.15 [.006 |

o
"H“ 0.28 [on] ¥ 450*
0.25 [.0098] 0°-8°
i R 0 f f=—h._1 rislo
A
W LJL Cllppet
14X

0.46 [ 018 o
() o Loz Lo v
[@]0.25 [. @ lc\a@ﬂx@\
16 Lead SOIC (narrow body) 01-3064 00

International

IGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105

IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd., Whyteleafe, Surrey CR3 0BL, United Kingdom

Tel: ++ 44 (0) 20 8645 8000

IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171-0021 Tel: 8133 983 0086
IR HONG KONG: Unit 308, #F, New East Ocean Centre, No. 9 Science Museum Road, Tsimshatsui East, Kowloon

Hong Kong Tel: (852) 2803-7380

Data and specifications subject to change without notice.  5/9/2000
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nternational
IGR Rectifier

Data Sheet No.PD 60158-H

IPS521/IPS521S

FULLY PROTECTED HIGH SIDE POWER MOSFET SWITCH

Features

» Over temperature protection (with auto-restart)
» Short-circuit protection (current limit)

Active clamp

E.S.D protection

Status feedback

Open load detection

Logic ground isolated from power ground

Description

The IPS521/IPS521S are fully protected five terminal
high side switches with built in short-circuit , over-
temperature, ESD protection, inductive load capability
and diagnostic feedback. The output current is con-
trolled when it reaches l|jm value. The current
limitation is activated until the thermal protection
acts. The over-temperature protection turns off the
high side switch if the junction temperature exceeds
Tshutdown. It will automatically restart after the junc-
tion has cooled 7°C below Tshutdown. A diagnostic
pin is provided for status feedback of short-circuit,
over-temperature and open load detection. The double
level shifter circuitry allows large offsets between the
logic ground and the load ground.

Typical Connection

Product Summary

Rds(on) 80ma (max)
V clamp 50V
| Limit 10A
V open load 3V
Truth Table
Op. Conditions In Out Dg
Normal H H H
Normal L L L
Open load H H H
Open load L H H
Over current H | L (limiting) L
Over current L L L
Over-temperature | H | L (cycling) L
Over-temperature | L L L
Packages

+ VCC
+35v Output pull-up resistor
15K
?tag;z ) | 1 Vee
eedbacl
— 1+ Dg Logic control _I
Rdg — I Out
Rin In Gﬂd
e
T . Load
Logic
ignal
Sen Logic Gnd Load Gndl__

TO220 - IPS521

IPS5218

D2Pak (SMD220)

www.irf.com
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IPS521/IPS521S

Absolute Maximum Ratings
Absolute maximum ratings indicate sustained limits beyond which damage to the dewce may occur. All voltage parameters

are referenced to GROUND lead. (Tj=

25°C unless otherwise specified).

Internationa
IGR Rectifie

Symbol | Parameter Min. Max. | Units Test Conditions
Vout Maximum output voltage Vee-50 | Vee+0.3
Voffset | Maximum logic ground to load ground offset | Vgc-50 | Vee+0.3 \Y
Vin Maximum Input voltage -0.3 7
lin, max | Maximum positive IN current -5 10 mA
Vdg Maximum diagnostic output voltage -0.3 7 \"
Idg, max | Maximum diagnostic output current -1 10 mA
lsd cont. | Diode max. permanent current (1)
(rth=62°C/W) — 22 A
Isd pulsed| Diode max. pulsed current (1) — 10
ESD1 Electrostatic discharge voltage (Human Body) — 4 C=100pF, R=1500Q,
ESD2 Electrostatic discharge voltage (Machine Model)| — 0.5 kv C=200pF, R=0Q, L=10uH
Pd Maximum power dissipationm
(TC=25°C) IPS521 — 40 w
(TC=25°C) IPS521S — 1.56
Tj max. | Max. storage & operating junction temp. -40 +150 o
Tiead Lead temperature (soldering 10 seconds) — 300
Vee max. | Maximum Vcece voltage — 50 \"
Thermal Characteristics
Symbol |Parameter Min. | Typ.| Max. |Units| Test Conditions
Rth 1 Thermal resistance junction to case — 3 —
Rth 2 Thermal resistance junction ambient — 60 — T0-220
Rinh 1 Thermal resistance with standard footprint — 60 — °C/W
Rth 2  |Thermal resistance with 1" square footprint — 35 — D2PAK (SMD220)
Rth 3 Thermal resistance junction to case — 3 —

(1) Limited by junction temperature (pulsed current limited also by internal wiring)
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nternational IPS521/IPS521S
TSR Rectifier

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
Vee Continuous V¢ voltage ' 5.5 35
VIH High level input voltage 4 5.5 \'
VIL Low level input voltage -0.3 0.9
lout Continuous output current
(Tamb = 85°C, Tj = 125°C, Rtp = 60°C/W, ) IPS521 — 2.2
lout Continuous output current A
(Tamb = 85°C, Tj = 125°C, Rth = 80°C/W, ) IPS521S - 1.9
Rin Recommended resistor in series with IN pin 4 6 ko
Rdg Recommended resistor in series with DG pin 10 20

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

Symbol | Parameter Min. | Typ. | Max. Unitg Test Conditions
Rds(on) |ON state resistance Tj=25°C _ 55 80 Vin =5V, lout = 5A
@Tj=25°C

Rds(on) |ON state resistance @ Vcc = 6V -— 55 80 Vin =5V, loyt = 2.5A
(Voc=6V) ma

Rds(on) |ON state resistance Tj = 150°C — 110 | 140 Vin =5V, lout= 5A
@Tj=150°C

Ve oper. | Operating voltage range 5.5 — 35

V clamp 1] V¢e to OUT clamp voltage 1 50 55 — Id = 10mA (see Fig.1 & 2)
V clamp 2| Vce to OUT clamp voltage 2 — 56 65 v Id = Isd (see Fig.1 & 2)
Vi Body diode forward voltage - 0.9 1.2 Id = 2.5A, Vin = 0V
lcc off Supply current when OFF — 16 50 pA | Vin =0V, Vout = OV
lcc on Supply current when ON — 0.6 2 mA | Vin=5V

lcc ac___ | Ripple current when ON (AC RMS) — 20 — | BA |Vin=5V
m Low level diagnostic output voltage — 0.15 0.4 Vv Idg = 1.6 mA

loh Output leakage current — 50 120 Vout = 6V

lol Output leakage current 0 — 25 uA Vout = 0V

Id

|egkage Diagnostic output leakage current —_ —_ 10 Vdg = 5.5V

Vih IN high threshold voltage — 2.2 3 v

Vil IN low threshold voltage 1 1.9 —

lin, on On state IN positive current — 70 200 pA | Vin =5V

In hyst Input hysteresis 0.1 0.25 0.5 \'
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IPS521/IPS521S

Switching Electrical Characteristics
Vcc = 14V, Resistive Load = 2.8Q, T; = 25°C, (unless otherwise specified).

Internationa
IGR Rectifier

Symbol| Parameter Min. | Typ.| Max. [Units | Test Conditions
Tdon Turn-on delay time —_ 10 40
Tr Rise time to Voyt = Vee - 5V —_— 25 60 us
Tro Rise time V¢g - 5V to Vout = 90% of Vee — 130 200 See figure 3
dv/dt (on)| Turn ON dy/dt — 0.7 2 V/us
Eon Turn ON energy — 1500 — ud
Tdoff Turn-off delay time — 35 70
T Fall time to Vout = 10% of Ve — 5| 50 | " |seetigure 4
dv/dt (off) | Turn OFF dv/dt — 0.9 3 V/us
Eoff Turn OFF energy — 250 — ud
Tdiag Vout to Vdiag propagation delay — 5 15 us | See figure 6
Protection Characteristics
Symbol |Parameter Min. | Typ.| Max. |Units| Test Conditions
lim Internal current limit 7 10 14 A |Vout=0V
Tsd+ Over-temp. positive going threshold — 165 — °c See fig. 2
Tsd- Over-temp. negative going threshold — 158 — See fig. 2
Vsc Short-circuit detection voltage (3) 2 3 4 Vv See fig. 2
Vopen load Open load detection threshold 2 3 4
(3) Referenced to V¢c
Lead Assignments
3 (Vce)
Q 3 (Vec)
1-Ground
2-In
3-Vce
4-0G W
5-Out 12345
12345
5Lead - TO220 5 Lead - D2PAK (SMD220)
IPS521 IPS521S
Part Number
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Functional Block Diagram
All values are typical

IPS521/IPS521S

Over

DG [

temperature

NP @b R

165°C

158°CTj

shift

GND
> T clamp
1 Vin|' s P
Vin | Attt t—l ---------------------- l—
IOU} limiting T shutdown . cycling
Tiim "I
lout
+ Vee
ou[ QV. T
r Tsd+
Tsd- -
V clamp

( see Appl . Notes to evaluate power dissipation )

Figure 1 - Active clamp waveforms
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Figure 2 - Protection timing diagram
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Internationa
IGR Rectifiel

Vin

Vee
90%

Vee- 5V Vin ]

Vout

90%
10%

é/dwm on

Td on

: dVi/dt off
: I\
Vout :

10% oo N
Td off :
LOTE

Figure 3 - Switching times definition (turn-on) Figure 4 - Switching times definition (turn-off)
Turn on energy with a resistive or an
inductive load

Vin
Dg Vce Vee
Vee -Vse
Out
+
Gnd A
L (uv Vout
i Vol
Vout
R
Vdiag
Tout
o Diag on blanking Diag off blanking
Rem: V load is negative during demagnetization T diag

Figure 5 - Active clamp test circuit Figure 6 - Diagnostic delay definitions
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TSR Rectifier
100
AV
50
0 -

35

0 5 10 15 20 25 30
Figure 7 - Rds(on) (M) Vs Vcc (V)
100
50
0
0 2 4 6 8 10
Figure 9 - Rds(on) (mQ) Vs loyt (A)
vww.irf.com

IPS521/IPS521S

200%

150% /

100%

50% +— -ttt i

Figure 8 - Normalized Rds(on) (%) Vs Tj (°C)
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Figure 10 - Max. loyt (A) Vs Load Inductance (uH)
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10 | I
\thja: 10°C/W

~

P Rthia= 20°C/W \
5 -——Rth'% \
. . ya

ol N
e N

L
. )
Free air \ -~ - )
.
0 t A
25 50 75 100 125 150

Figure 11a - Max load current (A) Vs Tamb (°C)
IPS521

100 =
__TO220/SMD 220 free air
---Rth= 5°C/W
10
1
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1/ |II:
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Figure 12 - Transient Thermal Impedance (°C/W)
Vs Time (S)
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10
linch? footprint
5 ‘:Rthja: 35°C/IW
|— Std. footprint h-\‘
ija:"ﬁgfglw \
T~
0
25 50 75 100 125 150

Figure 11b - Max load current (A) Vs Tamb (°C)

IPS521S
15
10 ——
5
0 — .
-50 0 50 100 150

Figure 13 - ljim (A) Vs Tj (°C)
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IGR Rectifier

3500 Resistive load 10000
3000
— 1000 I=lmax vs Induct.(see fig.10)
2500 Eon o I
I &ff [
2000 100'5 1=1.5A ==PAE ==m: ==z ==
pd -
1500
/ 10
1000 /
/ N '
%00 7/ 1
Y B
L 1 - =
0 w=lasl= T i i i
0 1 2 3 4 5 6 7 3 g g 3 2 g
= w S ¢ = ¢
Figure 14 - Egn, Eoff (1) Vs lgyt (A) Figure 15 - Eon (uJ) Vs Load Inductance (uH)
(see Fig. 3)
150 1.00E-03 I —
125
Diag on blanking
100 yd
/ 1.00E-04
75 i
v
50
1.00E-05 -
: =
25 _4-—'-/ -
Digg off blanking
0 1.00E-06
2 3 U
0 1 0 5§ 10 15 20 25 30 35
Figure 16 - Diag Blanking time (uS) Vs loyt (A) Figure 17 - lcc (mA) Vs Vee (V)

(resistive load - see Fig. 6)
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IPS521/IPS521S Internationa

ISR Rectifier
Case Outline 5 Lead - TO220
10.54 [.415]
9.91 [.390] 3.96 [.156]
@ 4.82 [.190]
2.94 [.116] 353 [139] ™ 419 [165]
2.54 [.100] 1.39 [.055)
—l ; ! 0.89 [.035]) T
L 60 [.260] 1
} eo [.236] ]
15.87 [.625] L
14,48 [ 570] \ } NOTES:
| 1. DIMENSIONING AND TOLERANCING PER ASME Y14.5M-1994,
12345 Lﬁf 2. CONTROLLING DIMENSION: INCH.
{ | | | | 3. ALL DIMENSIONS ARE SHOWN IN  MILLIMETERS [INCHES]
4. OUTLINE SIMILAR TO JEDEC OUTLINE SERIES TS-001.
14.09 [.565] HARRN A
13,59 [535] HHHH]
lRisislRl
5y 101 [040] | 5 0.63 [.025]
— || 051 [.020] ' 031 [o12]
1.70 [067] i t=—
o 410.25 [.010]®|B|AD|C o L_292[18]
216 [.083] IRGB 01-3042 01
Tape & Reel 5 Lead - D2PAK (SMD220)
1.60 [.063]
o Lo 150 [.059] 0 [.063]
161 50 [.059]
390 [ 153] 0.368 [.0145]
0.342 [.0135]
TRR L r /
> oG > oo 0o o { L
11.60 [.457]
1.85 [.073] 11.40 [.449]
1.65 [.065] 15.42 [.609] 24.30 [.957)
® 15.22 [.601] 23.90 [.941]
U
bbb
f —
10.90 [.429]
FEED DIRECTION 10.70 [.421] 0 };g E:gig% AJ 4.72 [186]
16.10 [.634] 4.52 [.178]
T = 13.52 [.532]
12.80 [.504]
| ] % 60.00
» 360.00 [3.362]
[14.173] MIN.
MAX. NOTES:
* 1. OUTLINE CONFORMS TO EIA-481 & EIA-541
2. DIMENSIONS ARE SHOWN IN MILLIMETERS [|NCHES}
—_— 26.40 [1.039]
24.40 [ .961] -
01-3071 00/01-3072 0
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Infernational IPS521/IPS521S
ISR Rectifier

Case Outline 5 Lead - D2PAK (SMD220)

10.35 [.407]

4.55[.179] e
10.5 [.413] 4.35[.172] 10.15 [.399]
™ 10.3 [.406] (4] | 1.4[.055] ‘—}
| :E 1.2 [.048] {
T wen 7.15 [.281]
; SEE VIEW "F o5 [ oo
1.80 [.070] i . \/ 85
1.25 [.050] ' 16.3 [.602] ST |
2 ! 45 || 1450570 ’ (055 7 T
11 m T [ \ 175 .046]
AR 5.25[.206] ! !
il 4_75&881, .
1 §

8.9 [.350]
REF.

0.8 [.031]
7[.067] *H"“Xw[ozs] a5 055% 021
0.35 .01

]
|¢]02[008)@[6[r@] 4]

RECOMMENDED FOOTPRINT VIEW "F”

~—l 10.59 [.417] r
T__\ -

7.29 [.287]

t

T CETEEE) R P LR

15.57 [.613] |
| ‘/ 3* MAX \lL 8° MAX
2.46 [.097] [ﬂ [g m Q] L NOTES:

1. DIMENSIONING & TOLERANCING PER ASME Y14.5M—1994.
4X1.70 [.067] ._l l_, 2. CONTROLLING DIMENSION: MILLIMETER.
4X 1.02 [.040] 3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].
4. OUTUNE SIMILAR TO JEDEC OUTLINE SERIES TO-263.

DIMENSION IS THE LENGTH OF LEAD FOR SOLDERING TO A SUBSTRATE.

[.

!
|
|
\
ap
|
|

-

01-3066 00

International

R Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105

IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd., Whyteleafe, Surrey CR3 0BL, United Kingdom

Tel: ++ 44 (0) 20 8645 8000

IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171-0021 Tel: 8133 983 0086
IR HONG KONG: Unit 308, #F, New East Ocean Centre, No. 9 Science Museum Road, Tsimshatsui East, Kowloon
Hong Kong Tel: (852) 2803-7380

Data and specifications subject to change without notice.  3/27/2000
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International
TIGR Rectifier

Data Sheet No.PD 60157-H

IPS521G

FULLY PROTECTED HIGH SIDE POWER MOSFET SWITCH

Features

e Over temperature protection (with auto-restart)
e Short-circuit protection (current limit)

e Active clamp

e E.S.D protection

e Status feedback

e Open load detection

e |ogic ground isolated from power ground

Description

The IPS521G is a fully protected five terminal high side
switch with built in short circuit, over-temperature, ESD
protection, inductive load capability and diagnostic
feedback. The output current is controlled when it
reaches l|im value. The current limitation is activated
until the thermal protection acts. The over-tempera-
ture protection turns off the high side switch if the
junction temperature exceeds Tshutdown. It will au-
tomatically restart after the junction has cooled 7°C
below Tshutdown. A diagnostic pin is provided for
status feedback of short-circuit, over-temperature
and open load detection. The double level shifter
circuitry allows large offsets between the logic ground
and the load ground.

Typical Connection

Product Summary

Rds(on) 100mQ (max)
V clamp 50V
| Limit 10A
V open load 3V
Truth Table
Op. Conditions | In Out Dg
Normal H H H
Normal L L L
Open load H H H
Open load L H H
Over current H | L (limiting) L
Over current L L L
Over-temperature | H | L (cycling) L
Over-temperature | L L L
Package

+ VCC
+5v Output pull-up resistor
15K
Status [ I Vce
feedback Dg
_:; b Loglc control
Rdg — l Out
i Rin In Gnd
1
|
T . Load
Logic
ignal
signa Logic Gnd Load Gndl_

8 Lead SOIC

www.irf.com
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IPS521G

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. (Tj= 25°C unless otherwise specified).

International
IGR Rectifier

Symbol | Parameter Min. | Max. | Units Test Conditions
Vout Maximum output voltage Vee-50 (Vee+0.3
Voffset | Maximum logic ground to load ground offset | Vcc-50 | Vec+0.3 v
Vin Maximum Input voltage -0.3 5.5
lin, max | Maximum positive IN current -5 10 mA
Vdg Maximum diagnostic output voltage -0.3 5.5 Vv
ldg, max | Maximum diagnostic output current -1 10 mA
Isd cont. | Diode max. permanent current (1)
(rth = 125°C/W) —_ 1.4 A
Isd pulsed| Diode max. pulsed current (1) — 10
ESD1 Electrostatic discharge voltage (Human Body) — 4 C=100pF, R=1500Q,
ESD2 Electrostatic discharge voltage (Machine Model)] — 0.5 kV C=200pF, R=0Q, L=10pH
Pd Maximum power dissipationm
(rth=125°C/W) — 1
Tj max. | Max. storage & operating junction temp. -40 +150 °c
Vce max. | Maximum Vce voltage — 50 Vv
Thermal Characteristics
Symbol |Parameter Min. | Typ.| Max. |Units| Test Conditions
B ot oo i e |8 ‘o oLesasorc

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
Vee Continuous V¢ voltage 5.5 35
VIH High level input voltage 4 5.5 \'
VIL Low level input voltage -0.3 0.9
lout Continuous output current

Tc=85°C (TAmbient = 85°C, Tj = 125°C, Rth = 100°C/W) — 1.6 A
Rin Recommended resistor in series with IN pin 4 6

Rdg Recommended resistor in series with DG pin 10 20 ka

(1) Limited by junction temperature (pulsed current limited also by internal wiring)

142
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International IPS521G
TSR Rectifier

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

Symbol | Parameter Min. | Typ. | Max. Unitg Test Conditions
Rds(on) |ON state resistance Tj = 25°C — 80 100 Vin = 5V, lout = 5A
@Tj=25°C

Rds(on) |ON state resistance @ Vcc = 6V — 80 100 Vin =5V, lout = 2.5A
(Voo=6V) ma

Rds(on) |ON state resistance Tj = 150°C — 125 160 Vin =5V, lout= 5A
@Tj=150°C

Vee oper. | Operating voltage range 5.5 — 35

V clamp 1| V¢e to OUT clamp voltage 1 50 55 - ld = 10mA (see Fig.1 & 2)
V clamp 2| Ve to OUT clamp voltage 2 — 56 65 v Id = lsd (see Fig.1 & 2)
\'4i Body diode forward voltage — 0.9 1.2 Id = 2.5A, Vin =0V
lcc off Supply current when OFF — 13 50 pA | Vin =0V, Vout = 0V
lcc on Supply current when ON — 0.6 2 mA | Vin=5V

lcc ac Ripple current when ON (AC RMS) — 20 . —_ pA | Vin=5V

Vdgl Low level diagnostic output voltage — 0.4 — \" Idg=1.6 mA

loh Output leakage current — 50 120 Vout = 6V

lol Output leakage current 0 — 25 Vout = 0V

ldg KA

leakage |Diagnostic output leakage current — —_ 10 Vdg = 5.5V

Vih IN high threshold voltage — 22 3 Vv

Vil IN low threshold voltage 1 1.9 —

lin, on On state IN positive current — 70 200 uA | Vjn =5V

In hyst. Input hysteresis 0.1 0.25 0.5 \

Switching Electrical Characteristics
Vee = 14V, Resistive Load = 2.8Q, Tj= 25°C, (unless otherwise specified).

Symbol| Parameter Min. | Typ.| Max. [Units| Test Conditions
Tdon Turn-on delay time — 10 40

Tri Rise time to Vout = Voo - 5V — 25 60 us

Tr2 Rise time Vgg - 5V to Vout = 90% of Vee — 130 200 See figure 3
dv/dt (on)| Turn ON dy/dt — 0.7 2 V/us

Eon Turn ON energy — 1500 — in)

Tdoff Turn-off delay time — 35 70

Tt Fall time to Vout = 10% of Vo — 16 50 | " |seefigure 4
dv/dt (off)| Turn OFF dv/dt — 0.9 3 V/us

Eoff Turn OFF energy — 250 — pd

Tdiag Vout to Vdiag propagation delay - 5 15 us |See figure 6
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IPS521G Internationa

IR Rectifier
Protection Characteristics
Symbol [Parameter Min. | Typ.| Max. |Units| Test Conditions
llim Internal current limit 7 10 14 A |Vout=0V
Tsd+ Over-temp. positive going threshold — 165 — °C |See fig. 2
Tsd- Over-temp. negative going threshold — 158 — °C |Seefig. 2
Vsc Short-circuit detection voltage (3) 2 3 4 V | Seefig. 2
Vopen load Open load detection threshold 2 3 4 \Y
(3) Referenced to Ve
Functional Block Diagram
All values are typical VCC
1
50V
tem::re:ture 1650CT'
1ss°c 1] Charge
o \ZS\ :] -
IN E] \ 2.2 v [9 4D Le‘,,d +— driver
7V 200 KQ shift
DG [ ]7 R CT-10A
*~— 400 3\/‘—\:D_~ : . <+i v
| S 1_1_1 Open load Short-circuit - ‘_—[_'L'
| N— ) —_—
GND VOUT

Lead Assignments

Vee Vee Vee Vee

H O A

D

gog

GNDIN DG OUT

8 Lead SOIC
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International IPS521G
TGR Rectifier

>—%— Tclamp

T shutdown ,

cycling

( see Appl . Notes to evaluate power dissipation )

Figure 1 - Active clamp waveforms Figure 2 - Protection timing diagram

Vin
Vee .
90% !
Vee- 5V Vin 4
Vout [« —avidton 90%.“'___;__ ________________________________________________
10% }
Td on : : : dV/dt off
Vout  i\T
10% ...... ...... ..................................................
Tdoff & H N
A
Figure 3 - Switching times definition (turn-on) Figure 4 - Switching times definition (turn-off)

Turn on energy with a resistive or an
inductive load
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IPS521G

—{Dg Vee

Gnd

Out |

Vout

Tout

Rem: V load is negative during demagnetization

Figure 5 - Active clamp test circuit

100

50

0 5 10 15 20 25 30

Figure 7 - Rds(on) (M) Vs Vec (V)
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IGR Rectifier
Vin
Vee
Vee -Vse
Vout
Vol
Vdiag
Diag on blanking Diag off blanking
T diag
Figure 6 - Diagnostic delay definitions
200%
150% //
100% //

50%

50 0 50 100 150

Figure 8 - Normalized Rds(on) (mQ) Vs Tj (°C)
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International IPS521G
IGR Rectifier

\

100 10 T
THE
-
"N
N
N
] N
50
0.1
- o [ =t w w
(=] (=] (=] (=] =] (=]
0 i w Wi wi wi wi
0 2 4 6 8 10 g 2 g g = 3
Figure 9 - Rds(on) (mQ) Vs oyt (A) : Figure 10 - Max. gyt (A) Vs Load Inductance (uH)
5
4]
linch? footprint
s \ Rthja= 60°C/W

R -

-—
Std. footprint \ ‘ ‘ i CE T |||vH
Rthja= 100°C/W \k , LTI T T (o ([

25 50 75 100 125 150

Figure 11 - Max load current (A) Vs Tamb (°C) Figure 12 - Transient Thermal Impedance (°C/W)
Vs Time (s)
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150

15
10
5
0 +
-50 0 50 100
Figure 13 - ljjm (A) Vs Tj (°C)
10000
1000
I=lmax vs Induct.(see fig.10)
X 111
|
100 §|=1.5A = ==z
11
10
1T
1
01 I
e o~ © < 0
[~} -] o o o
ih i i i) i

Figure 15 - Eon (uJ) Vs Load Inductance (uH)
(see Fig. 3)
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International

ISR Rectifier
3500 Resistive load
3000
2500 m— EON

- o -Ei“f
2000 V4
1500 /
/
1000 /
/
S0 -ﬂ“’;k“"‘ -
- I A O B Bl
04| = =

Figure 14 - Eon, Eoff (1J) Vs loyt (A)

150

125

Diag on blankin

100
pd /

75 v
50
25 ] - -t
Diag off b{anking
0
0 1 2

Figure 16 - Diag Blanking time (uS) Vs lout (A)
(resistive load - see Fig. 6)
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IGR Rectifier

1.00E-03

1.00E-04

1.00E-05 -

1.00E-06

IPS521G

n 14
v 9

AN
v

14 an ore an
9 &V L9 oV

Figure 17 - lcc (mA) Vs Vee (V)

Case Outline - 8 Lead SOIC

ae
o9

N
A

7
N

™
~ED
o

4l |

]

H

| ]0.25 [010] @]A@)]

o [eb= =

Sla0

e

"JLBX!}

aimnimnl]

Al

[#]025 [o10) @[c[A]B]

2.
3.
4

NOTES:
1.

DIMENSIONING & TOLERANCING PER ASME Y14.5M-1994.
CONTROLLING DIMENSION: MILLIMETER.

DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].
OUTLINE CONFORMS TO JEDEC OUTLINE MS-012AA.

RECOMMENDED  FOOTPRINT DM |—NCHES MILLIMETERS
— MN | MAX | MIN | MAX
~ rax 0.72 [.028] A | 0532 | 0688 | 135 |1.75

Al | 0040 | .0098 | 0.10 | 025

m m m D:l b | 014 | 018 | 036 |046
TS ¢ |.0075 | .0098 | 0.19 |025

64602550 | | | | D | 189 | .196 | 480 |4.98
Lo 8x 1.78 [.070] E | 150 |57 | 381 |399

D] m m mj e | 050 BASC | 1.27 BASIC

el |.025 BASC | 0.635 BASIC

27 [.050] —=f = H | .2284 | 2440 | 580 |6.20
K o | .09 | 028 |048

L |06 |.050 |04 |127

y | o 3 o 3

~—“——K x 45°
T =—h
—’ILBXL ij

DIMENSION DOES NOT INCLUDE MOLD PROTRUSIONS.
MOLD PROTRUSIONS NOT TO EXCEED 0.25 [.006]

DIMENSION IS THE LENGTH OF LEAD FOR
SOLDERING TO A SUBSTRATE.

(MS-012AA) 01-0021 09

www.irf.com
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International
TGR Rectifier

Data Sheet No.PD60159-K

IPS5451/IPS5451S

FULLY PROTECTED HIGH SIDE POWER MOSFET SWITCH

Features

Over temperature protection (with auto-restart)
Over current shutdown

Active clamp

E.S.D protection

Status feedback

Open load detection

Logic ground isolated from power ground

Description

The IPS5451/IPS54518S are fully protected five terminal
high side switch with built in short circuit, over-tempera-
ture, ESD protection, inductive load capability and
diagnostic feedback. The over-currentprotection latches
off the device if the output current exceeds Ishutdown.
It can be reset by turning the input pin low. The over-
temperature protection turns off the high side switches
if the junction temperature exceeds Tshutdown. It will
automatically restart after the junction has cooled 7°C
below Tshutdown. A diagnostic pin is provided for status
feedback of over-current, over-temperature and open
load detection. The double level shifter circuitry allows
large offsets between the logic ground and the load
ground.

Typical Connection

Product Summary

Rds(on) 25ma (max)

\' clamp S50V

Ishutdown 35A

lopen load 1A
Truth Table
Op. Conditions | In Out Dg
Normal H H H
Normal L L H
Open load H H L
Open load L X H
Over current H | L (latched) L
Over current L L H
Over-temperature | H | L (cycling)| L (cycling)
Over-temperature | L L H
Packages

+ VCC
+5v [

15K
Status I T

feedback |_l -
i
_;C:]f Dg Logic control IA
Rdg — . I Out
Rin In Gnd J
—
T ' Load
Logic
signal Logic Gnd Load Gnd[—
TO220 - IPS5451
www.irf.com b



IPS5451/IPS5451S

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).

International
TSR Rectifier

Symbol | Parameter Min. | Max. | Units Test Conditions
Vout Maximum output voltage Vce-45 |Vee+0.3
Voffset | Maximum logic ground to load ground offset | Vge-45 | Vec+0.3 v
Vin Maximum Input voltage -0.3 55
lin, max | Maximum IN current -5 10 mA
Vdg Maximum diagnostic output voltage -0.3 5.5 \'
Idg, max | Maximum diagnostic output current -1 10 mA
lsd cont. | Diode max. continuous current (1)
(rth=62°C/W) |PS5451 — 28 A
(rth=80°C/W) IPS5451S — 2.2
Isd pulsed| Diode max. pulsed current (1) _ 45
ESD1 Electrostatic discharge voltage (Human Body) —_ 4 C=100pF, R=1500Q,
ESD2 Electrostatic discharge voltage (Machine Model)| — 0.5 kv C=200pF, R=0Q, L=10uH
Pd Maximum power dissipationm
(rth=62°C/W) IPS5451 —_ 2 w
(rth=80°C/W) IPS5451S — 1.56
Tj max. | Max. storage & operating junction temp. -40 +150 oc
Tiead Lead temperature (soldering 10 seconds) —_ 300
Vce max. | Maximum Vce voltage — 45 \
Thermal Characteristics
Symbol |Parameter Min. | Typ.| Max. |Units|Test Conditions
Rih 1 Thermal resistance junction to case — 2 —
Rth 2 Thermal resistance junction to ambient — 55 — T0-220
Rinh 1 Thermal resistance with standard footprint — 60 — l°cmw
Rth 2 |Thermal resistance with 1" square footprint | — 35 — D2PAK (SMD220)
Rth 3 Thermal resistance junction to case —_ 5 -
(1) Limited by junction temperature (pulsed current limited also by internal wiring)
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TSR Rectifier

Recommended Operating Conditions

IPS5451/IPS5451S

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

Symbol|Parameter Min.| Max.| Units
Vee Continuous V¢ voltage 5.5 18
VIH High level input voltage 4 55 \Y
VIL 1 Low level input voltage -0.3 0.9
lout Continuous output current
(TAmbient = 85°C, Tj = 125°C, Rth = 62°C/W) |IPS5451 — 4
(TAmbient = 85°C, Tj = 125°C, Rt = 80°C/W) IPS5451S — 3.5 A
lout Continuous output-current
Tc=85°C (TCase = 85°C, IN = 5V, Tj = 125°C, Rth = 5°C/W) — 14
Rin Recommended resistor in series with IN pin 4 6 Ko
Rdg Recommended resistor in series with DG pin 10 20

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

Symbol | Parameter Min. | Typ.| Max. Unit4 Test Conditions
Rds(on) |ON state resistance Tj = 25°C —_ 19 25 Vin =5V, lout = 14A
@Tj=25°C

Rds(on) |ON state resistance @ Vcc = 6V — 22 30 Vin = 5V, lout = 7A
(Voo=6Y) ma

Rds(on) |ON state resistance Tj = 150°C —_— 32 — Vin =5V, lout= 14A
@Tj=150°C

Ve oper. | Functional operating range 55 — 35

V clamp 1| Vec to OUT clamp voltage 1 45 49 — Id = 10mA (see Fig.1 & 2)
V clamp 2| Vce to OUT clamp voltage 2 — 50 60 V' [Ta = Tshutdown (see Fig1 &2)
V§ Body diode forward voltage — 0.9 1.2 Id = 14A, Vin = 0V

lout Output leakage current — 10 50 Vout =0V, Tj =25°C
leakage pA

lcc off Supply current when OFF — 10 50 Vin = 0V, Vout = 0V

lcc on Supply current when ON — 3.5 10 mA | Vin=5V

lec ac Ripple current when ON (AC RMS) — 20 — pA | Vin=5V

Vdgl Low level diagnostic output voltage — 0.1 0.4 \" ldg =1.6 mA

Idg Diagnostic output leakage current — 15 10 MA | Vdg=4.5V

leakage

Vih IN high threshold voltage — 2.7 3.4

Vil IN low threshold voltage 1 2.0 — |V

lin, on On state IN positive current — 30 80 pA | Vin =4V

Vecuv+ | Veec UVLO positive going threshold — 4.7 5.5

Vecuv- | Vec UVLO negative going threshold 3.0 4.4 — %

Inhyst. Input hysteresis 0.2 0.6 15
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IPS5451/IPS5451S

Switching Electrical Characteristics
Vee = 14V, Resistive Load = 1Q, Tj = 25°C, (unless otherwise specified).

International
TSR Rectifier

Symbol| Parameter Min.| Typ. | Max. [Units| Test Conditions
Tdon Turn-on delay time — 5 20
Tr Rise time to Vout = Vee - 5V — 4 20 .
Tr2 Rise time from the end of Tr1 ws | See figure 3
to Vout = 90% of Ve — 65 150
dv/dt (on)| Turn ON dv/dt — 3 6 V/us
Eon Turn ON energy — 3 — mJ
Tdoff Turn-off delay time — 65 150 s See figure 4
T Fall time 1o Vout = 10% of Voo - 8 20 | "
dv/dt (off)| Turn OFF dv/dt — 5 10 V/us
Eoff Turn OFF energy —_ 0.75 — mJ
Protection Characteristics
Symbol |Parameter Min. |Typ.| Max. |Units| Test Conditions
Tsd+ Over-temp. positive going threshold — 165 — °C |See fig. 2
Tsd- Over-temp. negative going threshold — 158 — °C |[Seefig. 2
Isd Over-current threshold 22 35 50 A | Seefig. 2
lopen load | Open load detection threshold 0.3 1 2 A
Treset Minimum time to reset protections — 50 — us [Vin=0V
Tdg Blanking time before considering Dg — 7 100 us | Part turned on with Vin =5V
Functional Block Diagram
All values are typical
VCC
1?!
4.5V \ 50V
4.2V E
* éZb v icnns Charge

Level

}

IN [3

shift

Over

current
+

DG [ v NFT35A
. temperature L6sC
: | l58°C’Ti /‘
p— v \]__h_z_mvT__l
L
VOUT
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Lead Assignments

IPS5451/IPS5451S

3 (Vce)
O 3 (Vee)
1-Ground
2-In
3-Vce
4-DG
5-Out
12345
12345
5iead - TO220 5 Lead - D?PAK (SMD220)
IPS5451 IPS5451S
Part Number
’ ek Vin g .
N T
Vin
N
lout t<T reset t> T reset
I shutdown i I'shutdown
o1
" k
lout A " /\ \‘/
(+ Vee ) i
T
OUt Ly ( T shutdown +
r Tsd+ — /‘\v‘\/v
Veamp } ¢ | J— T s‘];mdow,,‘

( see Appl. Notes to evaluate power dissipation )

Figure 1 - Active clamp waveforms
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Figure 2 - Protection timing diagram
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Vin

Vee
90%
Vee- 5V

Vout [¢i—dVidton

10%

Td on

Toutl/
i
2 —
/" |Resistive load
/
;o
!
i
Iy
1
/7 /

Figure 3 - Switching times definition (turn-on)
Turn on energy with a resistive or an
inductive load

—{Dg Vce
Out
Gnd 3
R
Vout R
Tout

Rem: V load is negative during demagnetiza-tion

Figure 5 - Active clamp test circuit
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: AP dv/dt off
: A\
Vout H H :
10% ______ N e
Tdoff Lo
: LT

Figure 4 - Switching times definition (turn-off)

R ———=——— = ——
:
I Vin=5V
1,00E-03 [
=
i
1,00E-04
f —
I 1 1 1
|

Vin =0 V (sleep mode) —
1,00E-05 5
f
7
Z

1,00E-06
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Figure 6 - Icc (mA) Vs Vce (V)
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50 5 1 1 1 1
VIH
/ — /|
40 /// 4 44 ---A---Hystaesis
30 — 3
/
] o
20 {—= 2 e e =
10 1 Al A R 7 R 7
0 0
50 -25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
Figure 7 - lin (pA) Vs Tj (°C) Figure 8 - VIH, VIL threshold (V) Vs Tj (°C)
25 40
\
15 el
20
/
10 : L~
//
10
5
0 0
0 5 10 15 20 25 50 -25 0 25 50 75 100 125 150
Figure 9 - Rdson (mQ) vs Vcc (V) Figure 10 - Rdson (mQ) vs Tj (°C)
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25 1000 SRR
Tj=25°C Free air/
std footprint
20
15 A
100 4+—
1 Current path capacity ﬂ::i
10 - should be above this curve 1]
= ]|
Load characteristic should
5 be below this curve \\
10
© © @ ©o o o o o
0 g4 w4 o4 E E
0 5 10 15 20 25 - e - = - - =
Figure 11 - Rdson (mQ) vs lout (A) Figure 12 - Isd (A) vs Time (S)
50 30
rth =5°C/W
< | ! rth = 15°C/W
40 251 —&—rth =30°C/W ]
———T0220 free air 60°C/W

20
30 .. \

15 e
20 i SO X

10

— \\E\.; \
] ~o
10 5 \ = \\

0

50 25 0 25 50 75 100 125 150 -50 0 50 100 150 200

Figure 13 - Isd (A) vs Tj (°C) Figure 14 - Max. Cont. Ids (A ) Vs
Amb. Temperature ( °C)
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single pulse 100
00| —-—- - 100 Hz rth=60°C/W dT=25°C
= = = =1kHz rth=60°C/W dT=25°C
~ # TN it 10
T
10 =
i S 1
N N
NU Y 0.1
1 = Rth std footprint/TO220 freeair
0.01 Rth junction to case
L] : - -
N & 3 8 &% & 8 § § 8
- 4 4 @ ow ¥ 4 4 g &
0.001 0.01 0.1 1 10 100
Figure 15 -Max. | clamp (A) Vs Figure 16 - Transient Rth (°C/W ) Vs Time (s)
Inductive Load (m H )
6 L r 10000 TIT T T n —
] = Eon I=Imax vs L (see fig.15)
] bl =1 1 1000
4 / F 1=5 f

i [ |
/ 100 £=
/ E 1=1A 3
2 10 \ ——mooii
/ - ]
T -

-~ 1

0 5 10 15 20 25

0.01 0.10 1.00 10.00 100.00

Figure 17 - Eon, Eoff (mJ) vs lout (A) Figure 18 - Eon @ Vcc=14V (mJ) vs Inductance (mH)
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2.00 30
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20
1.00 = = = //

[ —— L—]
B 10 +—=]

0.50
0.00 0

-50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150

Figure 19 - | open load (A) vs Tj (°C) Figure 20 - Icc off (uA) vs Tj (°C)
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Case Outline - D2PAK (SMD220) - 5 Lead
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Preliminary Data Sheet No. PD60168-B

IPS5551T

FULLY PROTECTED HIGH SIDE POWER MOSFET SWITCH

Features

Over temperature shutdown
Over current shutdown
Active clamp

Input referenced to + V¢e
E.S.D protection

Input referenced to

Description

The IPS5551T is a fully protected three terminal high
side switch with built-in short-circuit, over-temperature,
ESD protection, inductive load capability. The input
signal is referenced to Vcc. When the input voltage
Vce - Vin is higher than the specified threshold, the
output power MOSFET is turned on. When the Vcc - Vin
is lower than the specified Vil threshold, the output
MOSFET is turned off. Input noise immunity is im-
proved by an hysterisis. When the input is left floating,
an internal current source pulls it up to Vcc. The over-
current protection latches off the high side switch if the
output current exceeds the specified Isd. The over-
temperature protection latches off the switch if the
junction temperature exceeds the specified value Tsd.

The device is reset by opening the input pin high.

Typical Connection

Product Summary

Rds(on) 5.2ma (max)

\Y clamp 40V

Ishutdown 100A

Vee (0p.) 5.5-18V
Truth Table
Op. Conditions n @ Out
Normal L H
Normal H L
Over current L L (latched)
Over current H L
Over-temperature L L (latched)
Over-temperature H L

(3)InisreferencedtoVce.
in'= L means (Vcc -Vin) >Vih
in' = H means (Vcc - Vin) <Vil

Packages

_ ' Vce
Input Logic control _|
signal
Out
= .
Load

A T+ VCC

SUPER TO220

SUPER SMD220

Advance Information

www.irf.com
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Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage pa-
rameters are referenced to Vgc lead. (Tj= 25°C unless otherwise specified). PCB mounting uses the standard

footprint with 70um copper thickness

International
TSR Rectifier

Symbol Parameter Min. |Max. |Units | Test Conditions
Vee -Vin max | Maximum input voltage -0.3 30 v
Vee -Vin1 max| Max. transient Input voltage (less than 1s) -0.3 40
lin max Maximum input current -1 20 mA
Vee -Vout max| Maximum output voltage -0.3 40 Vv
Isd cont. Diode max. continuous current (1)
(rth = 62°C/W) —_ 2.8
Isd1 cont. Diode max. continuous current (1) A
(rth = 5°C/W) —_ 35
Isd pulsed Diode max. pulsed current (1) —_ 100
Pd Power dissipation (rth = 62°C/W) — 2 w
ESD1 Electrostatic discharge voltage (Human Body) —_ tbd C =100 pF, R = 1500Q2
ESD2 Electrostatic discharge voltage (Machine Model) _ tbd kv C =200 pF, R=0Q, L=10pH
Tj max. Max. storage & junction temp. -40 150 oo
Tlead Lead temperature (soldering 10 seconds) — 300
Thermal Characteristics
Symbol |Parameter Typ.| Max.| Units |[Test Conditions
Rih 1 Thermal resistance free air 60 —
Rth 2 Thermal resistance with standard footprint 60 — | cw
Rih 3 Thermal resistance with 1" footprint 35 —
Rth 4 Thermal resistance junction to case 0.7 —

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
Vce - Vin | Continuous input voltage 6 18 v :
Vee Supply to power ground voltage 6 18 '
lout Continuous output current (rth c/lamb. < 5°C/W, Tj = 125°C) — 35

lout Continuous output current A
Tamb=85°C (TAmbient = 85°C, Tj = 125°C, free air) — 8

(1) Limited by junction temperature. Pulsed current is also limited by wiring)
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Static Electrical Characteristics

(Tj = 25°C unless otherwise specified.)

IPS5551T

Symbol | Parameter Min. | Typ. |Max. |Units| Test Conditions
Rds(on) 1| ON state resistance — 46 5.2 | lout=35A,Vce -Vin=12V
| see Fig. 6
Rds(on) 2| ON state resistance — 4.6 — M Tout=17A, Vog Vin= 6V
Rds(on) 3| ON state resistance Tj = 150°C — 7.4 — lout = 35A, Tj = 150°C
Vclamp 1 | Vce to Vout active clamp voltage 35 40 —_ lout = 10mA
Vclamp 2 | Vce to Vout active clamp voltage — 42 48 v lout = 35A
Vsd Body diode forward voltage — 0.85 1 Id = 35A, Vce -Vin = 0V
Vee (op) | Operating voltage range 5.5 — 28
Iq Quiescent current — 13 50 pA | VeerVin=0V,Vec-Vout=12v
lin Input current 3 6.5 12 mA Vee - Vin = 14V
lin, on Input current when ON — 1.3 — Vee - Vin = Vih
Vih High level input threshold voltage — 4.75 5.5 (note 2)
Vil Low level input threshold voltage 3 4.05 — \" (note 2)
Vhys Input hysterisis 0.4 0.6 15
Switching Electrical Characteristics
Vee = 14V, Resistive Load = 0.4Q, T;= 25°C, (unless otherwise specified).
Symbol| Parameter Min. | Typ.| Max. (Units|Test Conditions
Tdon Turn-on delay time to Vge -Vout = 0.9 Vee — 10 30
Tr1 Rise time to Vge -Vout =5V — 16 50 5
Tro Rise time from the end of Tr1 to us | See figure 2
Vee -Vout = 0.1 Vce — 200 400
dv/dt (on)| Tumondv/at — 12 5 | Vlus
Eon Turn ON energy — 25 — |mJ
Tdoff Tum-off delay time Ve -Vout = 0.1 Vee — 130 | 300 See figure 3
Tt Fall time to Ve -Vout = 0.9 Vee — 25 50 | M
dv/dt (off)| Turn OFF dv/dt — 2 6 | Vs
Eoff Turn OFF energy — 6 — | mJ
Protection Characteristics
T; = 25°C, (unless otherwise specified).
Symbol |Parameter Min. | Typ. | Max. | Units| Test Conditions
Tsd Over temperature shutdown threshold — 165 — °C
Isc Over current shutdown threshold 70 100 130 A | Seefig. 4
Treset Minimum time for protection reset — 50 — us

(2) Input threshold are measured directly between the the input pin and the tab. Any parasitic resistance in common
between the load current path and the input signal path can significantly affect the thresholds.

www.irf.com

165



IPS5551T Infernational

TSR Rectifier
Functional Block Diagram
All values are typical vVCC
it

Charge L clamp.
pump

current

Over
temperature

Lead Assignments

2 (Vco) 2 (Vee)

Hey

123
123 In Vce Out
In Vce Out (Advance Information)
SuperTO220 SuperSMD220
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Vce-Vin
Vee-Vin max Vce-Vout
Vee-Vinl max Vce-Vout max Vce-Vin
_Vi Vclampl
lllf]: Vin (op) Vzlamp2 .
. cc
Vil %%
Vhys Iout
Tout max
lin -Ids cont. V V i L
Tin max -1ds pulsed ce-Vout ~——DVidt(on)
Tinl,2 Iout 85°c sV
Tin(on) Isd 10 %
Iq Tdon TR
—_— Trl
Figure 1 - Voltages and currents definition Figure 2 - Switching time definitions (turn-on)
. | Vee-Vin
Vee-Vin L2V

w1

Tout t< Treset t> Treset
I shutdown
Isd
Vee-Vout " DVidt(off) = /\ k /
10% I 7‘ \I
Td off 1
Tf ’;;] k T shutdown
Figure 3 - Switching time definitions (turn-off) Figure 4 - Protection timing diagram
www.irf.com
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—)—G— T clamp

Vce - Vin

lout

( see Appl . Notes to evaluate power dissipation )

Figure 5 - Active clamp waveforms

0 5 10 15 20

Figure 7 - Rds(on) (M) Vs Vce-Vin (\))]
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~
(wnneny p—

POWER

*__

T Measurement

Figure 6 - Rds(on) measurement schematic

200
150 //
100 /
//
50
-50 0 50 100 150

Figure 8 - Normalized Rds(on) (%) Vs Tj (°C)
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5
4
3
2
1
(]
0 20 40 60 80 100
Figure 9 - Rds(on) (MQ) Vs lout (A)
100
Limited by pickage
80
X
‘amb= 19
" Rthc/amb= 190'W \\
~ amb= 5°CAW \
40 Rthc/amb:%\ \
T ~ - \ \
Rehd/amb=20°C/ = \
20 ‘\ - M o \
T Te—— ~
\\ L]
0
25 50 75 100 125 150

Figure 11 - Max. load current (A)
Vs Temperature (°C)
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100 o —

1 10 100 1000 10000

Figure 10 - Max lout (A) Vs Load Inductance (uH)

1000 =
—
I~ Current path capability should 7
be above this curve
.
100 - - == =
- 111 I
=i i i s
Load characteristic should [T] T n
be below this curve 1 N
T Ti=25c 71
P .
"m ‘ free air_ 1
10
e 2 2 & 2 o o o
g 8 g 8 & g 8 8
s g - g g = & g

Figure 12 - loyt (A) Vs Protection resp. Time (ms)
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120

1.00E+02
100
1.00E+01
80 - Il
1.00E+00 Il
60
40 1.00E-01
20 1.00E-02
0+ ) ) 1.00E-03
-50 0 50 100 150 1E-05 1€-04 0001 001 01 1 10 100 1000
Figure 13 -lsd (A) Vs Tj(°C) Figure 14 - Transient thermal impedance (°C/W)
Vs Time (S)
100 10
L~ ’

10
: —

Figure 15 - Igc (MA) Vs Vee-Vin (V) Figure 16 - lin (1A) Vs Tj(°C)
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5
4 LR B e B Y "N E—_—
3 VIH
— e \[]L
) ---A--- Hysteresis
1
VT [EETY . SN I PN T
0

-50 -25 0 25 50 75 100 125 150

Figure 17 - Vin, Vil threshold (V) Vs Tj (°C)

100.00
FSEH 1=Imax vs L (see fig.10) 1}
A
10.00 §30A 3

T i=10a

1.00
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- N [ < V2]
(-] o [~] [~} (-]
+ + -+ + +
w w w w w
- - - - -

Figure 19 - Egn (MJ) Vs Inductive load (uH)

(Vce = 14V, R load =0.5Q)
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Figure 18 - Eon, Eoff (MJ) Vs lout (A)
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pz1” A/ oc
vcc
RI 12v -:‘—-
— ~ IN Battery
e 0 IPS5551
D2 XZ
on
pr LOAD
7777 —
System Power
ground ground
DZ1, R1 : optional additional voltage transient protection
D2 : optional additional reverse battery protection
See application note for details
Figure 20 - Automotive typical connection
Case outline Super TO220
9.00[.354)
11.00 [.433]
I 10,0(){,394} 5.00.196] 8.001.318]
4.00[.158) E
—— -
150(059] | ! /E
0.50 [.020] !
| 4 13.50 [.531]
! 15.00 [.590] 12.50 [ 493]
f 14.00 [.552]
|
|1
1 2 ;3 _
il LEAD ASSIGNMENTS
I j \ MOSFET IGBT
4.00[.157] 1 14.50 [.570] 1-GATE R
88001381 I i 13001512 2. DRAN 2+ COLLECTOR
i : :
| ‘ 3 - SOURCE 3-EMITTER
HRY 4 - DRAIN 4 - COLLECTOR
; x 1:00(.039) e
L 1.30 [.051] X o701 0231*‘ R
PERIT] X 0901.036] 2001118 1. DIMENSIONING & TOLERANCING PER ASME Y14.5M-1994.
E — 250{099} 2. CONTROLLING DIMENSION: MILLIMETER.
2X 3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].
4. OUTLINE CONFORMS TO JEDEC OUTLINE TO-273AA.
01-3073 02
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Case outline Super SMD220 (advance information)

10.60
THRD ANGLE PROIECTON
| IF IN 0OUBT-ASK

15.60

MINIMUM RECOMMENDED
EOQTPRINT

. 86

et

t |

5.75
T525

CO-PLANARITY

0.25 D25
[i] 0
' 0
g | E
['e]
3 H =
< 3 NAX 8 MAX. | —*
1.65
1.80 i

DONOT SCALEDRAWING  REMOVE ALL BURRS AND $HARP EDGES

13.45
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IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105

IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd., Whyteleafe, Surrey CR3 0BL, United Kingdom

Tel: ++ 44 (0) 20 8645 8000
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Data Sheet No. PD 60068-I

International
TIGR Rectifier
FULLY PROTECTED POWER MOSFET SWITCH

IRS F3021 (NOTE: For new designs, we
recommend IR’s new products IPS021 and IPS021L)

Features Product Summary

e Controlled slew rate reduces EMI

o Over temperature protection with auto-restart Vds(clamp) 50V

e Linear current-limit protection

e Active drain-to-source clamp Rds(on) 200ma

e ESD protection

e Lead compatible with standard Power MOSFET llim 5.5A

e Low operating input current o

e Monolithic construction Ti(sd) 165°C
L. Eas 200mJ

Description

The IRSF3021 Lamp and DC motor driver is a fully protected . .

three terminal monFc))Iithic Smart Power MOSFE)'Irpthat fea- Appllcatlons

e (Cabin Lighting
e Airbag System
e Programmable Logic Controller
e DC Motor Drive

tures current limiting, over-temperature protection, ESD
protection and over-voltage protection.

The on-chip protection circuit limits the drain current at 5.5A
(typical) in the on-state, when the load is short circuited. The
over-temperature circuitry turns off the Power MOSFET when
the junction temperature exceeds 165°C (typical). The device
restarts automatically once it has cooled down below the reset
temperature.

The IRSF3021 is specifically designed for driving loads that

Packages

<>

require overload protection and in-rush current control while 2\
operating in automotive and industrial environments. Tar- <> v.
geted applications include resistive loads such as lamps or 3L
capacitive loads such as airbag squibs and DC motor drives. So_:::s

3 Lead
TO220AB

Block Diagram

INPUT ‘

DRAIN

e
'

Ground
SOURCE

Bl
E

'Y FI
/\

B

Iw«u-al
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Absolute Maximum Ratings
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Absolute Maximum Ratings indicate sustained limits beyond which damage to the device may occur.

(Tc = 25°C unless otherwise specified.)

Symbol | Parameter Min. | Max. |Units| Test Conditions
Vgs, max| Continuous drain to source voltage — 50 v
Vin, max | Continuous input voltage -0.3 10
lds Continuous drain current — |self limited| A
Pq Power dissipation — 30 W Tc < 25°C, TO220
_— 3 w T¢ < 25°C, SOT223
EAS Unclamped single pulse inductive energy® — 200 mJ
Vesd1 Electrostatic discharge voltage (Human Body Model) — 4000 v 100pF, 1.5kQ
Vesd2 Electrostatic discharge voltage (Machine Model) — 1000 200pF, 0Q
T Jop Operating junction temperature range -55 150
Tstg Storage temperature range -55 150 °c
TL Lead temperature (soldering, 10 seconds) — 300
Static Electrical Characteristics
(Tc = 25°C unless otherwise specified.)
Symbol| Parameter Min. |Typ. | Max. [Units| Test Conditions
Vds,clamp Drain to source clamp voltage 50 56 65 Vv lgs = 6A, tp =700 uS
Rds(on) | Drain to source on resistance —_ 155 200 [mQ | Vip=5V,I4s=2A
ldss Drain to source leakage current — —_ 250 pA | Vgs =40V, Vi =0V
Vin Input threshold voltage 1.0 2.0 3.0 V1 Vyg= Vi, lds+ lin= 10mA
li,on Input supply current (Normal Operation) — 100 300 pA | Vip =5V
li off Input supply current (Protection Mode) —_ 250 500 pA | Vin =5V
Vin, clamg Input clarpr v_oltage 9 10 — Vv lin=1mA
Vsd Body-drain diode forward drop® — 1.5 — lgs = -2A, Rijn = 1kQ
Thermal Characteristics
Symbol Parameter Min. | Typ. | Max. |Units |Test Conditions
Rthijc Junction to case — — 4 [°c/w |TO-220AB
Rthja Junction to ambient —_ —_ 60
Rihjc Junction to case — — 40  |°c/w |SOT-223
Rthja Junction to PCB ® — — 60
Nores:

@® When mounted on a 1" square PCB (FR-4 or G10 material). For recommended footprint and soldering techniques,

refer to International Rectifier Application Note AN-994.

@ Epg is tested with a constant current source of 6A applied for 700uS with Vi, = OV and starting T; = 25°C.

® Input current must be limited to less than 5mA with a 1kQ resistor in series with the input when the Body-Drain Diode is

forward biased.
176
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Switching ElectricalCharacteristics
(Vee = 14V, resistive load (Ry) = 10Q, Ri,= 100Q. Specifications measured at T¢c= 25°C unless other-

wise specified.)

IRSF3021

Symbol| Parameter Min. | Typ. | Max. Units | Test Conditions
tdon Turn-on delay time — 10 50 Vin=0V to 5V, 50% to 90%
t Rise Time — 30 80 us Vin=0V to 5V, 90% to 10%
tdoff Turn-off delay time — 20 60 Vin=5Vto 0V, 50% to 10%
t Fall time — 15 50 Vin=5Vto 0V, 10% to 90%
SR Output positive slew rate -4 — 4 Vius Vin= 0V to 5V, +dVds/dt
SR Output negative slew rate -4 — 4 Vin= 5V to 0V, -dVds/dt
Protection Characteristics
(Tc= 25°C unless otherwise specified.
Symbol Parameter Min. | Typ.| Max. Units| Test Conditions
lds(lim) Current limit 3.0 5.5 8.0 A | Vin=5V, Vgs = 14V
Ti(sd) Over temperature shutdown threshold 155 165 — °C |Vin=5V,Ids=2A
Vprotect | Min. input voltage for over-temp function — 3 — \
Yiresp Current limit response time — TBD — us
Ipeak Peak short circuit current —_ 10 — A
tTresp Over-temperature response time _— TBD —_ us
Lead Assignments
2(D)
O
(2D
1 2 3
In D S
123
InDS
3 Lead - SOT223 3 Lead - TO220
IRSF3021L IRSF3021
Part Number

www.irf.com

177



IRSF3021

Internationa

1. DIMENSIONING & TOLERANCING PER ASME Y14.5M-1994.

TSR Rectifier
Case Outline - SOT-223
o MILLIMETERS INCHES
D MIN | MAX | MIN | MAX
&) 155 | 1.80 |.061 |.071
B1 B | 0.65 | 0.85 |.026 |.033
| [4[0.10 [.0041@]c8 @ Bl | 295 | 315 |.116 |.124
] c | 025 | 035 |.010 |.014
i D | 630 | 670 | 248 |.264
7|
e ’ H E | 330 | 370 |.130 |.146
+ |$|o.2o [.ooss]@{c[;\@\ e 2.30 BSC |.0905 BSC
: i i el | 460 BSC 181 BSC
H1 Hy Bf H | 671 | 729 |.264 |.287
,' |« L o9t | — |03 | —
[ - | 3|X B OeED L1 | 0.061 BSC |.0024 BSC
4[0.10 [.004]®|c|]B@ / — : — ;
. 0 [ 10 10
+ ax L
z \ A S] / J
]0.08 [.003] % \ /
’ - 4X cj[
MINIMUM RECOMMENDED FOOTPRINT
LEAD ASSIGNMENTS
| 1~ 380 [-150] 1 = GATE
! ! i ! 2 = DRANN
2.00 [.079] . 3 = SOURCF
* ‘ NOTES:
| 6.30 [.248]

2x 2.30 [.091]

2. CONTROLLING DIMENSION: INCH.

DIMENSIONS DO NOT INCLUDE MOLD FLASH.

4. OUTLINE CONFORMS TO JEDEC OUTLINE TO-261AA.
5. DIMENSIONS ARE SHOWN (N MILLIMETERS [INCHES].

(TO-261AA) 01-0022 05

178

www.irf.con



International IRSF3021
IGR Rectifier

Case Outline 3 Lead - TO220

., 105 %.413]] ‘
2.85 [.112] 10.3 [.406 3.73 [.146] 455 [179]
2.65 [-105]“ /_¢ 3.63 [143 4.35 [171] 4 [.085]
2 [.048]
’)_{ q 6.4 [251]
i > 6.2 [.245]
15.1 [.594] . .
14.9 [.587] | I NOTES:
115 [045 1. DIMENSIONING & TOLERANCING PER ASME Y14.5M-1994.
17‘ 5 i MIN 2. CONTROLLING DIMENSION: MILLMETER
3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES
| | 4. OUTLINE CONFORMS TO JEDEC OUTLINE TO-220AB.
13.7 [.539] | 1 5. HEATSINK & LEAD MEASUREMENTS DO NOT INCLUDE BURRS.
13,5 [.632] ‘ | | 3.9 [153]
! 3.7 [.146]
1 1
0.9 [.035] 0.55 [.021]
3% 0.7 [.028] 3X 0.35 [.014]
[@] 0.25 [.010]@][B]A] 2.8 [.110]
- ™ 26 [.103]

IRGB01-302601

Tape & Reel - SOT223

0O 0 0O 0 O 1

M — 16.3 [.641]

) ] \ l 15.7 [.619] ]

)lullllj lullllj) i :
12.1 [.476] FEED DIRECTION
11.9 [.469] _—
) 16mMm —a jeu—

NOTES:
1. CONTROLLING DIMENSION: MILLIMETER.
2. ALL DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].

o

OUTLINE CONFORMS TO EIA-481 & EIA-541.
EACH ¢ 330.00 [# 13.00] REEL CONTAINS 2,500 DEVICES.

»

01-0028 05/01-0008 02

International
IGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105

IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd, Whyteleafe, Surrey CR3 0BL, United Kingdom

Tel: ++44 (0) 20 8645 8000

IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171-0021 Tel: 81 (0) 33 983 0086
IR HONG KONG: Unit 308, #F, New East Ocean Centre, No. 9 Science Museum Road, Tsimshatsui East, Kowloon,
Hong Kong Tel: (852) 2803-7380

Data and specifications subject to change without notice.  4/11/2000
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Data Sheet No. PD 60069-H

International
|RS F3031 (NOTE: For new designs, we

TR R@Ch ]CI el recommend IR’s new products IPS021 and IPS021L)

FULLY PROTECTED POWER MOSFET SWITCH

Features Product Summary

e Controlled slew rate reduces EMI

e Over temperature pr'otection Vds(clamp) 50V

e Over current protection

e Active drain-to-source clamp

e ESD protection Rds(on) 200 mQ

e Lead compatible with standard Power MOSFET

e | ow operating input current IdS(Sd) 4A

e Monolithic construction . 0

e Dual set/reset threshold input Tj(sd) 165°C
o EAS 200 mdJ

Description

The IRSF3031 is a three-terminal monolithic Smart Power Applications
MOSFET with built-in short circuit, over-temperature, ESD and e Solenoid Driver
over-voltage protections and dual set/reset input threshold . e DC Motor Driver

The on-chip protection circuit latches off the Power MOSFET e Programmable Logic Controller
in case the drain current exceeds 4A (typical) or the junction

temperature exceeds 165°C (typical) and keeps it off until the Packages

input is driven below the Reset Threshold voltage.

The drain to source voltage is actively clamped at 55V prior to
the avalanche of the Power MOSFET, thus improving its perfor-
mance during turn-off with inductive loads.

The mput reqwrements are very low (100pA typlcal) which a

makes the IRSF3031 compatible with most existing designs SGT7-223

based on standard power MOSFETs. % Lead
TO220AB

Block Diagram

Bias & Ref

0
.
0
.
(]
. 0
] S Q o
1V -

. R el ¢
') (]
. [}
') .
) » 0
. .
L] < > ¢
. }Vref : < .
] N . > ¢
-+ —— T L N

¢ Ground :
. Isolation ’
! « @« @ @« @« @« @« @« = = o = e ® ® ® ® ® @ = e -'
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IRSF3031

Absolute Maximum Ratings
Absolute Maximum Ratings indicate sustained limits beyond which damage to the device may occur. (T; =

25°C unless otherwise specified.)

Internationa
ISR Rectifier

Symbol| Parameter Min. | Max. |Units| Test Conditions
Vds, max | Continuous drain to source voltage — 50 Vv
Vin, max | Continuous input voltage -0.3 10
lds Continuous drain current — | sefflimited | A
Pd Power dissipation — 30 w Tc < 25°C, TO220
— 3.0 W Tc < 25°C, SOT223
EAS Unclamped single pulse inductive energy® — 200 mJ
Vesdi Electrostatic discharge voltage (Human Body Model) — 4000 Vv 100pF. 1.5kQ
Vesd2 Electrostatic discharge voltage (Machine Model) — 1000 200pF, 0Q
T Jop Operating junction temperature range -55 150
Tstg Storage temperature range -55 150 °c
TL Lead temperature (soldering, 10 seconds) —_ 300
Static Electrical Characteristics
(T = 25°C unless otherwise specified.)
Symbol| Parameter Min. |[Typ.| Max. Units’ Test Conditions
Vds,clamp| Drain to source clamp voltage 50 56 65 \ lds = 2A
Rds(on) | Drain to source on resistance — 155 200 | mQ |Vin=5V,lds =2A
ldss Drain to source leakage current — — 250 MA | Vds =40V, Vin =0V
Vset Input threshold voltage 2.5 3.2 4.0 V | Vds=5V, ldgs > 1T0mA
Vreset Input protection reset threshold voltage 0.5 1.0 15 V | Vds=5V, ldgs < 10nA
li,on Input supply current (normal operation) — 100 300 MA | Vin=5V
li,off Input supply current (protection mode) — 120 400 PA | Vin=5V
Vin, clamp| Input clamp voltage 9 10 — \ lin=1mA
Vsd Body-drain diode forward drop® —_ 1.5 — \ lds = -2A, Rin = 1kQ
Thermal Characteristics
Symbol| Parameter Min. | Typ. | Max. [Units| Test Conditions
Rthjc Thermal resistance, junction-to-case — — 4  |°cw |TO-220AB
Rthja Thermal resistance, junction-to-ambient — — 60
Rthjc Thermal resistance, junction-to-case — - 40 |°cw [soT-223
Rthja Thermal resistance, junction-to-PCB ® — — 60
Notes:

@® When mounted on a 1" square PCB (FR-4 or G10 material). For recommended footprint and soldering techniques, refer
to International Rectifier Application Note AN-994.

@ Epg is tested with a constant current source of 6A applied for 700uS with Vi, = OV and starting T; = 250C.

@ Input current must be limited to less than 5mA with a 1kQ resistor in series with the input when the Body-Drain Diode is
forward biased.
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nternational IRSF3031
TGR Rectifier

Switching ElectricalCharacteristics

(Vcc = 14V, resistive load (R)) = 10Q, Ri,= 100Q. Specifications measured at Tc= 25°C unless otherwise
specified.

Symbol| Parameter Min. | Typ. | Max. [Units| Test Conditions
tdon Turn-on delay time — — 30 Vin =2V to 5V, 50% to 90%
tr Rise time — — 30 ps | Vin=2V1o5V, 90%t0 10%
tdoff Turn-off delay time — — 30 Vin=5V 102V, 50%to 10%
tr Fall time — — 30 Vin=5Vto 2V, 10% to 90%
SR Output positive slew rate -6 — 6 V/us | Vin =2V to 5V, +dVds/dt
SR Output negative slew rate -6 — 6 Vin = 5V to 2V, -dVds/dt

Protection Characteristics
Tc= 25°C unless otherwise specified.

Symbol| Parameter Min. | Typ.| Max. Units| Test Conditions
lds(sd) | Current limit 1.8 4 6 A |Vin=5V

Ti(sd) Over temperature shutdown threshold 155 165 — °C |Vin=5V,lds=2A
Vprotect | Min. input voltage for over-temp function — 3 —_ Y]

tiresp Over current response time — TBD —_ us

Ipeak Peak short circuit current —_ TBD — A

treset Protection reset time — TBD — s

tTresp Over-temperature response time — TBD —

Lead Assignments

2(D)
O
(2D
1 2 3
In D S
123
InDS
3 Lead - SOT223 3 Lead - TO220
IRSF3031L IRSF3031
Part Number
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IRSF3031

Internationa

TSR Rectifier
Case Outline - SOT-223

MILLIMETERS INCHES

D — 8] OV NN T WAx | WIN_ ] WAX

© 155 | 1.80 |.061 |.071

B1 B | 065 | 0.85 |.026 |.033

| [4]0.10 [.004]@[c[B@)] BI | 295 | 315 | 116 | 124
{ C | 025 | 035 |.010 |.014

| 6.30 | 6.70 |.248 |.264

© ‘ H 330 | 370 | 130 |.146
E [4]0.20 [.008)@|c[A®)] € | 230 BSC |.0905 BSC
' k el | 460 BSC 181 BSC

H LH H H | 671 | 720 |.264 |.287

J l« o s L |09t | — |03 |—

[=—n o0 ToBRa] ) L1 | 0.061 BSC |.0024 BSC
oL . 6] —Jw | — [

4x L

f
%ﬁﬁ; } []o.08 [.003]

MINIMUM RECOMMENDED FOOTPRINT

r_—,‘» 3.80 [.150]
|

fet—

2.00 [.079]

6.30 [.248]

V

i
#na}

2.00 [.079] EE
L 3X 1.50 [.059]

2X 2.30 [.091] u

-~

6% /
/
- 4X

i
)

ASSIGNMENTS

LEAD

= GATE
= DRAIN
SOURCF

INCH.

DIMENSIONING & TOLERANCING PER ASME Y14.5M-1994.
CONTROLLING DIMENSION:
DIMENSIONS DO NOT INCLUDE MOLD FLASH.
OUTLINE CONFORMS TO JEDEC OUTLINE TO-261AA.

DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].

(TO-261AA) 01-0022 05

184

www.irf.cor



Infernational IRSF3031
IGR Rectifier

Tape & Reel - SOT223

o o0 o0 O O

i i 16.5 [.641]

‘ 1 t ‘ 15.7 [.619] '
T DO ‘ o

12.1 [.476] FEED DIRECTION

11.9 [.469) —_—

16mm —at) e
NOTES:
1. CONTROLLING DIMENSION: MILLIMETER.
2. ALL DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].
3. OUTLINE CONFORMS TO EIA-481 & EIA-541.
4. EACH ¢ 330.00 [¢ 13.00] REEL CONTAINS 2,500 DEVICES. 01-0028 05/01-0008 02

Case Outline 3 Lead - TO220

10.5 [.413
2.85 [.112] _ 1 10.3 %.406]] @ 373 [.146] 455 [.179]
2.65 [.wos]—‘ i 3.63 [.143] 4.35 [171] - )

Il

O g +

I NOTES:
1.15 [.045] 1. DIMENSIONING & TOLERANCING PER ASME Y14.5M—1994.
5 ! MIN 2. CONTROLLING DIMENSION: MILLIMETER
j— 3. DIMENSIONS ARE SHOWN IN MILLIMETERS |INCHES],
| 4. OUTLINE CONFORMS TO JEDEC OUTLINE TO-220AB.
| [ 153 5. HEATSINK & LEAD MEASUREMENTS DO NOT INCLUDE BURRS.
39 [.153
’ 3.7 [146]
1
0.9 [.035] 55 [.021
0.7 [.028] 5 * 0% fgfd
2 [ A
[&] [o10]@[8]A] . g.g H:}(;]]
2X IRGB 01-3026 01

International

ISR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105

IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd, Whyteleafe, Surrey CR3 OBL, United Kingdom

Tel: ++44 (0) 20 8645 8000

R JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171-0021 Tel: 81 (0) 33 983 0086
IR HONG KONG: Unit 308, #F, New East Ocean Centre, No. 9 Science Museum Road, Tsimshatsui East, Kowloon,
Hong Kong Tel: (852) 2803-7380

Data and specifications subject to change without notice.  4/11/2000
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International
TIGR Rectifier

Data Sheet 60055-1

IR6210 (NOTE: For new designs, we
recommend IR’s new products IPS511 and IPS511S)

INTELLIGENT HIGH SIDE MOSFET POWER SWITCH

Features

PWM current limit for short circuit protection
Over-temperature protection

Active output negative clamp

Reverse battery protection for logic circuit
Broken ground protection

Short to V¢ protection

Low noise charge pump

Sleep mode supply current

4kV ESD protection on all leads

Logic ground isolated from power ground

General Description

The IR6210 is a 5 terminal monolithic high side switch with built
in short circuit, over- temperature, ESD protections, inductive
load turn off capability and diagnostic feedback.

The on-chip protection circuit goes into PWM mode, limiting the
average current during short circuit if the drain current exceeds
5A. The protection circuit latches off the high side switch if the
junction temperature exceeds 170°C and latches on after the
junction temperature falls by 10°C. The Vcc (drain) to out
(source) voltage is actively clamped at 55V, improving its
performance during turn off with inductive loads.

The on-chip charge pump high side driver stage is floating an

uuuuu A nﬁSFET. H

rafarann~n Atn tha antivan ~f tha DA Thiia tha la~ia
ITITITIIVOU WV UIT OUUIVT VT UIT T UWECIT IVIV Hnius uic lUglb
to power ground isolation can be as high as 50V. This allows
operation with larger offset as well as controlling the switch

during load energy recirculation or regeneration.

A diagnostic pin is provided for status feedback of short
circuit, over temperature and open load detection.

Block Diagram

Product summary

e Solenoid driver
e Programmable logic controller

Vee(op) 5-50V

Rbs(on) 200mQ

liim 5A

Ti(sd) 170°C

Eav 100mJ
Applications

Truth Table
Condition In Out Dg
Normal H H H
Normal L L L
Output Open H H H
Output Open L H H
Shorted Output | H|Current-Limiting | L

PWM Mode

Shorted Output | L L L
Over-Temperature| H L L
Over-Temperature| L L L

Packages

Vce

>

5 Lead SMD220

www.irf.com
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IR6210 International
' TSR Rectifier

Absolute Maximum Ratings
Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur.
(T¢ = 25°C unless otherwise specified.)

Symbol | Parameter Min. Max. |[Units| TestConditions
Vce Supply voltage permanent -0.3 50
reverse -16 s v For 10 seconds, (1)

Voffset | Logic to power ground offset Vee -50 | Veec +0.3

Vin Input voltage -0.3 30

lin Input current — 10 mA

Vout Output voltage Vec-50 [ Vec +0.3| V

lout Output current — self-limited| A

Vdg Diagnostic output voltage -0.3 30 Vv

Idg Diagnostic output current — 10 mA

Eav Repetitive avalanche energy — 100 mJ 1=2A(2)

ESD1 Electrostatic discharge (Human Body Model) — 4000 Vv C =100 pFR = 1500Q
ESD2 Electrostatic discharge (Machine Model) — 1000 \" C =200 pF, R=0Q
PD Power dissipation — 28 w Tcase= 25°C

TJop Operating junction temperature range -40 150

Tstg Storage temperature range -40 150 °c

TL Lead temperature (soldering, 10 seconds) — 300

NOTES: (1) with 15kQ resistors in input and diagnostic
(2) maximum frequency depends on heatsink (rectangular waveform)

Static Electrical Characteristics
(Tc= 25°C unless otherwise specified.)

Symbol| Parameter Min. |Typ.| Max. |Units| Test Conditions
Vecop Operating voltage range 5 — 35 \"
lccoff Sleep mode supply current —_ 40 — pA [ Vee=24V, Vin= 0V
lccon Supply current (average) — 3 — mA | Vin=5V
lccac Supply current (AC RMS) — 20 — pA | Vin=5V
Vinh High level input threshold voltage — 2 25 Y,
Vil Low level input threshold voltage 1 1.8 —
lion On-state input current 10 — 70 Vin = 3.5V
lioff Off-state input current 1 — 30 pA Vin = 0.4V
loh Output leakage current — 20 — Vout = 6V
lol Output leakage current 0 — 10 Vout = 0V
Vdgl Low level diagnostic output voltage — 0.3 — \' ldg = 1.6mA
ldgh Diagnostic output leakage current 0 — 10 pA | Vdg =5V
Rps(on) | On-state resistance — 150 200 | mo |lout=1A
— 200 — Vee =5V, lout = 1A
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International

IGRRe

ctifier

Switching Electrical Characteristics
(Vec = 14V, resistive load (Ry) = 12Q, Tc= 25°C.)

IR6210

Symbol| Parameter Min. | Typ. | Max. |Units| Test Conditions
tc Over-current cycle time —_ 5 —_ ms
D¢ Over-current duty cycle — 10 —_ %
ton Turn-on delay time to 90% —_ 50 —_
toff Turn-off delay time to 10% — 60 —_ Hs
dv/dton | Slew rate on —_ 3 —
dv/dtoff | Slew rate off — 5 — Vs
Protection Characteristics
Symbol| Parameter Min. | Typ. | Max. | Units| Test Conditions
liim Internal current limit — 5 — A
Vsc Short circuit detection voltage — 3.5 —
Vsinh Open load detection voltage — 3.5 — v
Vel Output negative clamp 50 54 —_ lout = 10mA
Vel2 Output negative clamp — 56 62 lout = 2A
Thermal Characteristics
Symbol| Parameter Min. | Typ. | Max. |Units| Test Conditions
Tjsd Thermal shutdown temperature — 170 — °c
Thys Thermal hysteresis — 10 —
Rthjc Thermal resistance,junction to case — 3.5 — |°cw
Rthja Thermal resistance, junction to ambient — 50 —
Lead Assignments
3 (Vce)
| O 3 (Veo)
1-Ground
2-In
3-Vce
4-DG Ww
5-0ut
12345
12345
5Lead - TO-220 5 Lead - D2PAK (SMD220)
IR6210 IR6210S

Part Number

www.irf.com

189



IR6210 International
ISR Rectifier
Case Outline 5 Lead - TO-220
10.54 [.415)
9.91 .390] 396 [.156] 482 [190]
2.94 [L116] 353 [139] 419 [165]
2.54 [.100] 1.39 [.055)
1 ' 1 0.89 [.035]) ]
| 6.60 [.260] i
f A 6.00 [.236)

15.87 [.625] — * \OTES

14.48 [.570] \ :
! 1. DIMENSIONING AND TOLERANCING PER ASME Y14.5M-1994.

12345 2. CONTROLLING DIMENSION: INCH
| | ’ | I T 3. ALL DIMENSIONS ARE SHOWN IN MILLMETERS [INCHES).
4. OUTLINE SMILAR TO JEDEC OUTLINE SERIES TS-001.
14.09 [.555) HRHRRRGA
13.59 [535] HHHH]
——-il«— oy MO [.040] | gy 0.63 [.025]
L_ 0.51 [.020] ' 0.3 [.012]
= [#]025 [010]@[8]AO]c] | 292 [118]
2.16 [.085]
IRGB 01-3042 01

Tape & Reel 5 Lead - D2PAK (SMD220)

TRR
Lo cc g

i Bt

FEED DIRECTION

[ ———

-t

# 360.00
[14.173]
M

1.60 [.oss%
1.50 [.059 1.60 [.063]
410 [161] °
soobie —— / 50 [.059]
o 6 oo o o
11.60 [.457]
1.85 [.073]
1.65 [.065) 140 [.ms)
hod
10.90 [.429] 1.75 [.069)
10.70 [.421] ¢ 1.25 %.049%
16.10 [.634]
9 1352 [.532]
12.80 [.504]
|| ¢ 60.00
-t [3.362]
MIN.
26. 1.
mope) =~

0.368 [.0145]

“’ﬂ‘_ 0.342 [.0135)

t

—

15.42 [.609]
15.22 [.601]

24.30 [.957)
23.90 [.941]

f

NOTES:

4.72 [.186]
452 [.178]

f—

1. OUTLINE CONFORMS TO EIA-481 & EIA-541.
2. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]

01-3071 00/01-3072 00
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International IR6210
IGR Rectifier

Case Outline 5 Lead - SMD220 (D2PAK)

4551179 10.35 [.407]
10.6 [.413] 4135%172% 4 Loss] ™ 1015[.399] [
10.3 [.406] o 4L
Lj | — 1.2 [.048] i
1 — /E
- 7.15 [.281
! SEE VIEW "F 6 6-85%.27011
1.80 [.070] | . .
e I e - , :
. =L / . 1.40[.055] pry
AR, LU ReneEe s Wt
U 5.25[.206]( , il I—]—‘ |
i 4.75 [188] \ ‘
[rrosfel b = Qo] L osstoen 05 {550
4X0.35 [.014] REF.
|$[o.2 AOOB@‘[BIA@I oL
RECOMMENDED FOOTPRINT VIEW "F”
—-I 10.59 [.417] '—— E E
o -Elhatal] | _-ElEe

\/ 3" MAX JL/ 8" MAX
NOTES:

2.46 [.097] m m
‘ TT 1T 1. DIMENSIONING & TOLERANCING PER ASME Y14.5M~1994.
J L 2. CONTROLLING DIMENSION: MILLIMETER.
4x1.70 [.067] 3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].
4x1.02[.040] 4. OUTLINE SIMILAR TO JEDEC OUTLINE SERIES TO—-263.
DIMENSION 1S THE LENGTH OF LEAD FOR SOLDERING TO A SUBSTRATE.

|
[
i
|
j 16.57 [.613]
|
B
i
|

01-3066 00

International

IGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105

IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd, Whyteleafe, Surrey CR3 0BL, United Kingdom

Tel: ++44 (0) 20 8645 8000

IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171-0021 Tel: 81 (0) 33 983 0086
IR HONG KONG: Unit 308, #F, New East Ocean Centre, No. 9 Science Museum Road, Tsimshatsui East, Kowloon,
Hong Kong Tel: (852) 2803-7380

Data and specifications subject to change without notice.  3/28/2000

www.irf.com 191




International
Data Sheets TIGR Rectifier

Automotive Power Integrated Circuit - Designer's Manual
192 www.irf.con



International
TIGR Rectifier

Data Sheet 60049-H

IR6220 (NOTE: For new designs, we
recommend IR’s new products IPS521 and IPS521S)

INTELLIGENT HIGH SIDE MOSFET POWER SWITCH

Features

PWM current limit for short circuit protection
Over-temperature protection

Active output negative clamp

Reverse battery protection for logic circuit
Broken ground protection

Short to V¢ protection

Low noise charge pump

Sleep mode supply current

4kV ESD protection on all leads

Logic ground isolated from power ground

General Description

The IR6220 is a 5 terminal monolithic HIGH SIDE SWITCH with
built in short circuit, over- temperature, ESD protections,
inductive load turn off capability and diagnostic feedback.
The on-chip protection circuit goes into PWM mode, limiting the
average current during short circuit if the drain current exceeds
10A. The protection circuit latches off the high side switch if the
junction temperature exceeds 170°C and latches on after the
junction temperature falls by 10°C. The Vcc (drain) to out
(source) voltage is actively clamped at 55V, improving its perfor-
mance during turn off with inductive loads.

The on-chip charge pump high side driver stage is floating and
referenced to the source of the Power MOSFET. Thus the logic
to power ground isolation can be as high as 50V. This aliows
operation with larger offset as well as controlling the switch
during load energy recirculation or regeneration.

A diagnostic pin is provided for status feedback of short
circuit, over temperature and open load detection.

Block Diagram

Product summary

Vee(op) 5-50V

Rbs(on) 100mQ

lim 10A

Tj(sd) 170°C

Eav 200mdJ
Applications

e Solenoid driver
e Programmable logic controller

Truth Table

Condition Inf|  Out Dg
Normal H H H
Normal L L L
Output Open H H H
Output Open L H H
Shorted Output | H| Current-Limiting | L
PWM Mode
Shorted Output | L L L
Over-Temperature | H L L
Over-Temperature | L L L

Available Packages

-Thormll
ml - [
Input Level Charge Current
Logic Shlﬂlnnl—l Pump Limit I
IN | —

- Ichoppoj )

<>

5 Lead SMD220
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IR6220

Absolute Maximum Ratings
Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur.

International
TGR Rectifier

(Tc = 25°C unless otherwise specified.)
Symbol | Parameter Min. Max. |Units| TestConditions
Vee Supply voltage permanent -0.3 50
reverse -16 — v For 10 seconds, (1)
Voffset | Logic to power ground offset Vce -50 | Vee +0.3
Vin Input voltage -0.3 30
lin Input current — 10 mA
Vout Output voltage Vec-50 | Vec +0.3| V
lout Output current — self-limited| A
Vdg Diagnostic output voltage -0.3 30 Vv
Idg Diagnostic output current — 10 mA
Eav Repetitive avalanche energy — 200 mJ 1=2A(2)
ESD1 Electrostatic discharge (Human Body Model) — 4000 Vv C =100 pFR = 1500Q
ESD2 Electrostatic discharge (Machine Model) — 1000 \' C =200 pF, R=0Q
PD Power dissipation — 28 W | Tease=25°C
T, Jop Operating junction temperature range -40 150
Tstg Storage temperature range -40 150 °c
TL Lead temperature (soldering, 10 seconds) — 300
NOTES: (1) with 15kQ resistors in input and diagnostic
(2) maximum frequency depends on heatsink (rectangular waveform)
Static Electrical Characteristics
(Tc= 25°C unless otherwise specified.)
Symbol| Parameter Min. |Typ.| Max. |Units| Test Conditions
Vecop Operating voltage range 5 — 35
lccoff Sleep mode supply current — 40 — pA | Vee=24V, Vin= OV
Iccon Supply current (average) — 3 — mA | Vin =5V
lccac Supply current (AC RMS) — 20 — uA | Vin=5V
Vih High level input threshold voltage — 2 2.5
Vil Low level input threshold voltage 1 1.8 —
lion On-state input current 10 — 70 Vin = 3.5V
lioff Off-state input current 1 — 30 HA Vin = 0.4V
loh Output leakage current — 20 — Vout = 6V
lol Output leakage current 0 — 10 Vout = 0V
Vdgl Low level diagnostic output voltage — 0.3 — Vv ldg = 1.6mA
ldgh Diagnostic output leakage current 0 — 10 pA | Vdg =5V
Rps(on) | On-state resistance — 80 100 | mo [lout=1A
_ 120 — Vee =5V, lout = 1A
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International
TGR Rectifier

Switching Electrical Characteristics
(Vcc = 14V, resistive load (Ry) = 12Q, Te= 25°C.)

IR6220

Symbol| Parameter Min. | Typ. | Max. |Units| Test Conditions
tc Over-current cycle time — 5 — ms
D¢ Over-current duty cycle — 10 —_ %
ton Turn-on delay time to 90% — 50 —
toff Turn-off delay time to 10% — 60 — Hs
dv/dton | Slew rate on — 3 —
dv/dtoff | Slew rate off — 5 — Vs
Protection Characteristics
Symbol| Parameter Min. | Typ. | Max. |Units| Test Conditions
llim Internal current limit - 10 — A
Vsc Short circuit detection voltage — 3.5 —
Vsih Open load detection voltage — 3.5 —_ v
Vet Output negative clamp 50 54 — lout= 1T0MA
Vel2 Output negative clamp — 56 62 lout = 2A
Thermal Characteristics
Symbol| Parameter Min. | Typ. | Max. |Units| Test Conditions
Tjsd Thermal shutdown temperature — 170 - °c
Thys Thermal hysteresis — 10 —
Rthjc Thermal resistance, junction to case — 3.5 —  |cw
Rthja Thermal resistance, junction to ambient — 50 —
Lead Assignments
3 (Vce)
O 3 (Vco)
1-Ground
2-1In
3-Vce
4-DG Ww
5-Out
12345
12345
5 Lead - TO-220 5 Lead - D2PAK (SMD220)
1R6220 IR6220S
Part Number

www.irf.com
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IR6220

Case Outline 5 Lead - TO-220

International
IR Rectifier

10.54 [.415]
9.91 [.390] 5 3% [ 156]
2 [,116}1 353 [.139]
2.54 [.100] }
_«G} 6.60 %260%
{ 6.00 [.236
15.87 [.625] I
14.48 [.570] | f
|
12345
14.09 [.555] HEARARRRE
13.59 [.535] ‘ l ’ | f
i 101 [.040]
* 0.1 [.020]

\e}}]oze’; 010]@]8[s0]c|

—]

1.39 [.055]
0.89 [.035] |

——

| 482 [190]
= 419 [.165]

5X

NOTES:

1

2.
3.
4. OUTLINE SIMILAR TO JEDEC OUTLINE SERIES TS-001.

DIMENSIONING AND TOLERANCING PER ASME Y14.5M-1994,
CONTROLLING DIMENSION: INCH.
ALL DIMENSIONS ARE SHOWN IN  MILLIMETERS [INCHES].

0.63 [.025]
0.31 [012]

2.92 [.115]

=216 [.085]

IRGB 01-3042 01

Tape & Reel 5 Lead - D2PAK (SMD220)

FEED DIRECTION

—_—

>

4.
3.

10 [161]
90 [.153]

5 160 [.063]
150 [.059]

11.60 [.457]

[.073]
(.065] 11.40 [.449]
1000 [420] | 75 [.069]
10.70 [.421] 4 5 [.049]
16.10 [.634]
5 1352 [532]
12.80 [.504]

¢ 60.00
[3.362]
MIN.

26.40 [1.039]
24.40 [ .961] —t =

0.368 [.0145]

"“‘H 0.342 [.0135]

NOTES:

1

24.30 [.957]
et | | zs0lean
J i‘_l
_J 4.72 [.186]
452 [.178]

OUTLINE CONFORMS TO EIA-481 & EIA-541.

2. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].

01-3071 00/01-3072 00
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International IR6220
TGR Rectifier

Case Outline 5 Lead - SMD220 (D2PAK)

45517 B 10.35 [ 407]
105 [.413] 435 %:172% ™ t015[399] [~
N — 1 *
SEE VIEW "F" 6 215 5%]]
1.80 [.070] 85
1.25 [.050] 16.3 [.602] N . *
[.055) T

o s || 1450570 ’

[.41

1 -

; B

| _

| |
L \ 115[046 ‘ |
RN 5.25 [.206]( M
! 4.75[.188] * \ '

L2

T \

gy '

e

1.7 [.067]] %03 [ 028 ol 4 055 021] [.350]
== 4X0.35 [.014] et
[¢]o2[008)@[8]A@|
RECOMMENDED FOOTPRINT VIEW "F”

10.59 [.417] e} e}

'——

——‘
?
7.29 [.287]

& i [ ]o25[010]8] ; (025 [010]]8]

i
| J 3' MAX ‘lL 8" MAX
B R
2.46 [.097] m m m NOTES
J - 1. DIMENSIONING & TOLERANCING PER ASME Y14.5M—1994.

15.57 [.613]

T

L_ 2. CONTROLLING DIMENSION: MILLIMETER.
4x1.70 [.067] 3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].
01-3066 00

4X1.02 [.040] 4. OUTLINE SIMILAR TO JEDEC OUTLINE SERIES TO-263.

DIMENSION IS THE LENGTH OF LEAD FOR SOLDERING TO A SUBSTRATE.

International

IGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105

IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd, Whyteleafe, Surrey CR3 0BL, United Kingdom

Tel: ++44 (0) 20 8645 8000

IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171-0021 Tel: 81 (0) 33 983 0086
IR HONG KONG: Unit 308, #F, New East Ocean Centre, No. 9 Science Museum Road, Tsimshatsui East, Kowloon,
Hong Kong Tel: (852) 2803-7380

Data and specifications subject to change without notice.  2/26/2000
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Data Sheet 60050-H

International n
IgaR Recnﬁ er IR6224 (NOTE: For new designs, we

recommend IR’s new products IPS521 and IPS521S)

INTELLIGENT HIGH SIDE MOSFET POWER SWITCH

Features Product summary

o PWM current limit for short circuit protection -

e Over-temperature protection Vcc(op) 5-50V
e Active output negative clamp R

e Reverse battery protection for logic circuit bs(on) 100ma
e Broken ground protection li 20A
e Short to V¢ protection lim

e Low noise charge pump Ti(sd) 170°C
e Sleep mode supply current

e 4kV ESD protection on all leads Eav 200mJ

e Logic ground isolated from power ground
Applications

e Solenoid driver
e Programmable logic controller

General Description

The IR6224 is a 5 terminal monolithic HIGH SIDE SWITCH with
built in short circuit, over- temperature, ESD protections, induc-

tive load turn off capability and diagnostic feedback. Truth Table

The on-chip protection circuit goes into PWM mode, limiting the .

average current during short circuit if the drain current exceeds Condition In|  Out Dg
20A. The protection circuit latches off the high side switch if the Normal H H H
junction temperature exceeds 170°C and latches on after the N I L L L
junction temperature falls by 10°C. The Vcc (drain) to out orma

(source) voltage is actively clamped at 55V, improving its perfor- Output Open H H H
mance during turn off with inductive loads. Output Open L H H
The on-chip charge pump high side driver stage is floating and Shorted Output | H| Current-Limiting | L

referenced to the source of the Power MOSFET. Thus the logic

to power ground isolation can be as high as 50V. This allows PWM Mode
operation with larger offset as well as controlling the switch Shorted Output | L L L
durn.'lg Ioad.ene'rg).l recant.JIatlon or regeneration. Over-Temperature| H 3 T
A diagnostic pin is provided for status feedback of short L

circuit, over temperature and open load detection. Over-Temperature L L

Block Diagram Available Packages

<

5 Lead SMD220
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IR6224 International
IGR Rectifier

Absolute Maximum Ratings
Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur.
(Tc = 25°C unless otherwise specified.)

Symbol | Parameter Min. Max. |Units | TestConditions
Vce Supply voltage permanent -0.3 35
reverse -16 — v For 10 seconds, (1)
Voffset Logic to power ground offset Vce -50 | Vee +0.3
Vin Input voltage -0.3 30
lin Input current — 10 mA
Vout Output voltage Vec-50 | Vec+0.3| V
lout Output current — self-limited| A
Vdg Diagnostic output voltage -0.3 30 Vv
Idg Diagnostic output current — 10 mA
Eav Repetitive avalanche energy — 200 mJ 1=2A(2)
ESD1 Electrostatic discharge (Human Body Model) —_ 4000 \' C =100 pF,R = 1500Q
ESD2 Electrostatic discharge (Machine Model) — 1000 \' C =200 pF, R=0Q
PD Power dissipation — 28 w Tcase= 25°C
TJop Operating junction temperature range -40 150
Tstg Storage temperature range -40 150 °c
T Lead temperature (soldering, 10 seconds) — 300
NOTES: (1) with 15kQ resistors in input and diagnostic
(2) maximum frequency depends on heatsink (rectangular waveform)
Static Electrical Characteristics
(Tc= 25°C unless otherwise specified.)
Symbol | Parameter Min. |Typ.| Max. |Units| Test Conditions
Vecop Operating Voltage Range 5 — 50 Vv
lccoff Sleep Mode Supply Current — 40 — pA | Vee=24V, Vin= 0V
lccon Supply Current (Average) — 3 — mA |[Vih=5V
lccac Supply Current (AC RMS) — 20 — pA | Vin=5V
Vih High Level Input Threshold Voltage —_ 2 2.5 v
Vil Low Level Input Threshold Voltage 1 1.8 —
lion On-State Input Current 10 — 70 Vin =3.5V
lioff Off-State Input Current 1 — 30 pA | Vin=04V
loh Output Leakage Current — 20 — Vout = 6V
lol Output Leakage Current 0 —_ 10 Vout = OV
Vdgl Low Level Diagnostic Output Voltage — 0.3 — Vv ldg = 1.6mA
ldgh Diagnostic Output Leakage Current 0 — 10 A | Vdg =5V
Rps(on) | On-State Resistance — 80 100 | mo |[lout=1A
— 120 — Vee =5V, lout = 1A
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International IR6224
TGR Rectifier

Switching Electrical Characteristics
(Ve = 14V, resistive load (Ry) = 12Q, Tg=25°C.)

Symbol | Parameter Min. | Typ. | Max. |Units| Test Conditions
tc Over-current cycle time — 5 — ms

D¢ Over-current duty cycle — 10 — %

ton Turn-on delay time to 90% — 50 —

toff Turn-off delay time to 10% — 60 — Hs

dv/dton | Slew rate on - 3 —

dv/dtoff | Slew rate off — 5 —|Viks

Protection Characteristics

Symbol| Parameter Min. | Typ. | Max. |Units| Test Conditions
lim Internal current limit — 20 — A

Vsc Short circuit detection voltage — 3.5 —

Vslh Open load detection voltage —_ 3.5 — Vv

Vet Output negative clamp 50 54 — lout = 1T0mA

Vci2 Output negative clamp —_ 56 62 lout = 2A

Thermal Characteristics

Symbol | Parameter Min. | Typ. | Max. |Units| Test Conditions
Tjsd Thermal shutdown temperature — 170 — °c

Thys Thermal hysteresis — 10 —

Rthjc Thermal resistance, junction to case — 35 — |°cw

Rthja Thermal resistance, junction to ambient . 50 .

Lead Assignments

3 (Vco)
O 3 (Veo)
1 - Ground
2-1In
3-Vce U
4-DG
Ty
12345
12345
5Lead - TO-220 5 Lead - D?PAK (SMD220)
IR6224 IR6224S
Part Number
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IR6224 Infernational

IGR Rectifier
Case Outline 5 Lead - TO-220
10.54 [.415) A
9.91 [.390] 1 3.96 [.156] el
@t 4.82 [.190]
2.94 [.116] 353 [.139] — 419 [165]
2.64 [~100]1 1.39 [.055]
‘ K 0.89 [.035] [
L 6.60 [.260] B
} 6.00 [.236] ]
16.87 [.625) 1
14.48 [.570] . ! NOTES:
l 1. DIMENSIONING AND TOLERANCING PER ASME Y14.5M-1994,
12345 2. CONTROLLING DIMENSION: INCH.
i ’ } l l [ 3. ALL DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].
4, OUTLINE SIMILAR TO JEDEC OUTLINE SERIES TS-001.
14.09 [.555] HRRHATAE
13.59 [.535] l i ‘ ‘ 1
HRURURU 1
o 101 [040] | y 0.63 [.025]
051 [.020] o 0.31 [.012]
|$1025 010@[[A0 . ngz
216 [
IRGB 01-3042 01
Tape & Reel 5 Lead - D2PAK (SMD220)
1.60 [.063]
1.50 [.059] — 1,60 [.063]
TRR ;’-;g Hg'}] 150 [.059] 0.368 [.0145]
o OO O %0 [103] =1 0.342 [0135]
S o060 i L
11.60 [.457]
1.85 [.073] 11.40 [.449]
HHUHH 1.65 { 065] 15.42 [.609] 22.30 [.957]
@ 16.22 [.601] 23.90 [.941]
FEED DIRECTION J * JE 1
10.90 [.429] 1.75 [.069]
10.70 [.421] % 125 [ 049 472 [186]
16.10 [.634] Lol 4.52 [178]
1 1352 [532)
12.80 [.504]
{ NOTES:
5 360.00 X i 1. OUTLINE CONFORMS TO EIA-481 & FIA-541
[14.173] MIN. 2. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].
MAX. T
Sedof = = 01-307100/01-3072 00
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International IR6224
TSR Rectifier

Case Outline 5 Lead - SMD220 (D2PAK)

4,55 [.179] B —— 1813?{;‘87% -
10.5 [.413] 4.35[.172] 151399
=~ 10.3 [ s06] P14 | 1.4[.055]
| 4 1.2 [.048] i
= | A
! SEE VIEW "F” 6 stz
1.80 [.070] | . o
1.25 [.050] ‘ 15.3 [.eoz% : ' ’
12 a5 || 145570 ’ 4 3
i SIS MR
| 5.25[.206] | ! i L|—| i
; 1_" | 4.75 [.188] ‘\ H 1
e ™
W X7l 028 0.55 [.021] 8.9 [.350]
— o f— 4X 0.35 [ 014] REF.
,$|o.2[.ooa@| |A@]
RECOMMENDED FOOTPRINT VIEW "F”

T»I R r

|
I
7.29 [.287] | ‘
| | {oastos] || A-{a]oz Lowol]s]
|
|

15.57 [.613]

| | | \/«S'MAX \!L/SMAX

2.46 [.097] m } NOTES:

m 1. DIMENSIONING & TOLERANCING PER ASME Y14.5M-1994.
*’ L 2. CONTROLLING DIMENSION: MILLIMETER.
4x1.70[.067] 3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].
4x1.02 [.040] 4. OUTLINE SIMILAR TO JEDEC OUTLINE SERIES TO-263.

DIMENSION IS THE LENGTH OF LEAD FOR SOLDERING TO A SUBSTRATE.

01-3066 00

International
ISR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105

IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd, Whyteleafe, Surrey CR3 0BL, United Kingdom

Tel: ++44 (0) 20 8645 8000

IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171-0021 Tel: 81 (0) 33 983 0086
IR HONG KONG: Unit 308, #F, New East Ocean Centre, No. 9 Science Museum Road, Tsimshatsui East, Kowloon,
Hong Kong Tel: (852) 2803-7380

Data and specifications subject to change without notice.  2/26/2000
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Data Sheet 60051-H

International
o |R6226 (NOTE: For new designs, we

Ig?R ReCT”EI er recommend IR’s new products IPS521 and IP98521 S)
INTELLIGENT HIGH SIDE MOSFET POWER SWITCH

Features Product summary
e Current limit for short circuit protection ‘ Vcc(op) 5-50V
e Over-temperature protection
e Active output negative clamp RDS(on) 100mO
e Reverse battery protection for logic circuit
e Broken ground protection lim 20A
e Short to V¢ protection
e Low noise charge pump Tj(sd) 170°C
e Sleep mode supply current
e 4kV ESD protection on all leads Eav 200md
e Logic ground isolated from power ground . .

99 P 9 Applications
General Description e Lamp driver

The IR6226 is a 5 terminal monolithic HIGH SIDE SWITCHwith ~ ® Programmable logic controller
built in short circuit, over- temperature, ESD protections, induc-
tive load turn off capability and diagnostic feedback. Truth Table

The on-chip protection circuit limits the average current .

during short circuit if the drain current exceeds 20A. The Condition In Out Dg
protection circuit latches off the high side switch if the junction Normal H H H
temperature exceeds 170°C and latches on after the junction Normal L L L
temperature falls by 10°C. The Vcc (drain) to OUT (source)

voltage is actively clamped at 55V, improving its performance Output Open H H H
during turn off with inductive loads. Output Open L H H
The on-chip charge pump high side driver stage is floating and Shorted Output | H|Current-Limiting | L
referenced to the source of the Power MOSFET. Thus the iogic Linear Mode

to power ground isolation can be as high as 50V. This allows

operation with larger offset as well as controlling the switch Shorted Output | L L L
during load energy recirculation or regeneration. Over-Temperature | H L L
A diagnostic pin is provided for status feedback of short Over-Temperature | L L L
circuit, over temperature and open load detection.

Block Diagram Available Packages

<

5 Lead SMD220
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IR6226 International
ISR Rectifier

Absolute Maximum Ratings
Absolute Maximum Ratings indicate sustained limits beyond which damage to the device may occur.
(Tc = 25°C unless otherwise specified.)

Symbol | Parameter Min. Max. |Units| TestConditions
Vce Supply voltage permanent -0.3 50
reverse -16 — Vv For 10 seconds, (1)
Voffset Logic to power ground offset Vee -50 | Vee +0.3
Vin Input voltage -0.3 30
lin Input current — 10 mA
Vout Output voltage Vec-50 | Vec +0.3| V
lout Output current — self-limited| A
Vdg Diagnostic output voltage -0.3 30 Vv
Idg Diagnostic output current — 10 mA
Eav Repetitive avalanche energy — 200 mJ 1=2A(2)
ESD1 Electrostatic discharge (Human Body Model) — 4000 \'4 C =100 pF,R = 1500Q
ESD2 - | Electrostatic discharge (Machine Model) — 1000 \ C =200 pF, R=0Q
PD Power dissipation — 28 w Tcase= 25°C
TJop Operating junction temperature range -40 150
Tstg Storage temperature range -40 150 °c
T Lead temperature (soldering, 10 seconds) — 300
NOTES: (1) with 15kQ resistors in input and diagnostic
(2) maximum frequency depends on heatsink (rectangular waveform)
Static Electrical Characteristics
(Tc= 25°C unless otherwise specified.)
Symbol| Parameter Min. |Typ.| Max. |Units| Test Conditions
Vecop Operating voltage range 5 — 35 Vv
lecoff Sleep mode supply current — 40 — pA | Vee=24V, Vin= 0V
Iccon Supply current (average) — 3 — mA |Vin=5V
Iccac Supply current (AC RMS) — 20 — pA [ Vin=5V
Vih High level input threshold voltage — 2 25 Vv
Vil Low level input threshold voltage 1 1.8 —_
hon On-state input current 10 — 70 Vin = 3.5V
lioff Off-state input current 1 — 30 pA Vin = 0.4V
loh Output leakage current — 20 — Vout = 6V
lol Output leakage current 0 — 10 Vout = 0V
Vdgl Low level diagnostic output voltage — 0.3 — Vv ldg = 1.6mA
ldgh Diagnostic output leakage current 0 _ 10 pA | Vdg =5V
Rbs(on) | On-state resistance — 80 100 | mo |lout=1A
— 120 — Vee =5V, lout = 1A
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International IR6226
IGR Rectifier

Switching Electrical Characteristics
(Vcc = 14V, Resistive Load (R)) = 12Q, Tc= 25°C.)

Symbol| Parameter Min. | Typ. | Max. |Units| Test Conditions
ton Turn-on delay time to 90% — 50 —_

toff Turn-off delay time to 10% — 60 — Hs

dv/dton | Slew rate on — 3 -—

dv/dtoff | Slew rate off — 5 — |Vius

Protection Characteristics

Symbol| Parameter Min. | Typ. | Max. Units| Test Conditions
llim Internal current limit — 20 — A

Vsc Short circuit detection voltage — 3.5 —

Vslh Open load detection voltage — 3.5 —_ v

Vel Output negative clamp 50 54 — lout = 10mA

Vel2 Output negative clamp — 56 62 lout=2A

Thermal Characteristics

Symbol| Parameter Min. | Typ. | Max. (Units| Test Conditions
Tjsd Thermal shutdown temperature —_ 170 — °c

Thys Thermal hysteresis -— 10 -

Rthjc Thermal resistance, junction to case —_ 3.5 —  |°cw

Rthja Thermal resistance, junction to ambient —_ 50 —

Lead Assignments

3 (Vce)
O 3 (Veo)
1-Ground
2-In
3-Vce U
4-DG
b hg
12845
12345
5Lead - TO-220 5 Lead - D?2PAK (SMD220)
IR6226 IR6226S
Part Number
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IR6226 International

IGR Rectifier
Case Outline 5 Lead - TO-220
10.54 [.415]
9.91 [.390] 396 [.156]
I 4.82 [.190]
2.94 [ 116] 353 [.139] ™ ™ 419 [165]
2.54 [.100] 1.39 [.055]
Aj'—_ ' { 0.89 [.035] [ T
B 6.60 [.260] F
{ 6.00 [.236] ]
16.87 [.625] !
14,48 [.570] ‘ } NOTES:
] 1. DIMENSIONING AND TOLERANCING PER ASME Y14.5M-1994.
{2345 2. CONTROLLING DIMENSION: INCH.
‘ ' } | ‘ NI 3. ALL DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]
4. OUTLINE SMILAR TO JEDEC OUTLINE SERIES TS-001.
14.09 [.555] LB TG
13,59 [.535] | | | f f
o 101 [.040] | gy 0.63 [.025]
X 051 [.020] ' 0.31 [.012]
|q>|o 25 [L010]@]8[A0]c] 292 [.118)
T T 216 [.085]

IRGB 01-3042 01

Tape & Reel 5 Lead - D2PAK (SMD220)

1.60 [.063)
1.50 [.059] — ™

1,60 [.
TRR e — B " 1% (o o358 Lo
S5 OO O B ]L _T_ 0.342 [.0135]

&> o6& o i ]\
11.60 [.457]
1.85 [.073] 1140 [.449]
HHUHH 1.65 [.065] 15.42 [.609] %4.30 [.957]
& 15.22 [.601] 3.90 [.941]
FEED DIRECTION ’ l
10.90 [.429] 1.75 [.069)
10.70 [.421] ? 125 {049% | 472 [186]
16.10 [.634] 452 [.178]
 13.52 [.532]
12.80 [.504]
‘ NOTES:
® 360.00 £X -3 ?36305%) 1. OUTLINE CONFORMS TO EIA-481 & EIA-541.
{1:4.173] LM 2. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]
AX. f
Sedo [ ol = - 01-307100/01-3072 00
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International
ISR Rectifier

Case Outline 5 Lead - SMD220 (D2PAK)

IR6226

8] 10.35 [.407]
455[179] i joisfsee]
10.5 [.413] 4.35[.172] 9L
™ 10.3 [.408] —>—{4] 1.4 [.055]
| \1 jE 1.2 [.048] !
T SEE VIEW "F” 7.15[.281]
‘ 6.85 [.270]
1.80 [.070] | .
1.25 [.050] ‘ 1&; %g%% , > 3 +
121 45 2L / . 1.40[.055] Py
i TU imil }———‘* ‘\ 1.15 [.046] © ; ( |
00 5.25[.206] ! !
i £75L188] | < ’ %
T | -—H‘ - } \\ 7
0.8 [.031]
l* 4X 0.7 [.028] ol 4055 [021] RE?SO]
[#]02 [008)®[6]r@] 0.35 [.014]
RECOMMENDED FOOTPRINT VIEW “F”

{3

10.59 [.417]
? |
7.29 [.287 ‘
we (Sl | A-Sesmap)
. ; ;
I 15.57 [.613]
| | J 3 MAX ‘IL., 8" MAX
|
— |
2.46 [.097] m m i Q] m NOTES
I ‘ - 1. DIMENSIONING & TOLERANCING PER ASME Y14.5M—1994.
L 2. CONTROLLING DIMENSION: MILLIMETER.
4x1.70 [.067] 3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].
4X1.02[.040] 4. OUTLINE SIMILAR TO JEDEC OUTLINE SERIES TO-263.
DIMENSION IS THE LENGTH OF LEAD FOR SOLDERING TO A SUBSTRATE.
01-3066 00
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IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105

IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd, Whyteleafe, Surrey CR3 0BL, United Kingdom

Tel: ++44 (0) 20 8645 8000
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IR HONG KONG: Unit 308, #F, New East Ocean Centre, No. 9 Science Museum Road, Tsimshatsui East, Kowloon,
Hong Kong Tel: (852) 2803-7380
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International
ISR Rectifier

Preliminary Data Sheet No. PD60162-K

IR2106/IR21064
IR2186

HIGH AND LOW SIDE DRIVER

Features

e Floating channel designed for bootstrap operation
Fully operational to +600V
Tolerant to negative transient voltage
dV/dt immune

e Gate drive supply range from 10 to 20V (IR2106(4))
or 5 to 20V (IR2186)

e Undervoltage lockout for both channels

e 5V Schmitt triggered input logic

e Matched propagation delay for both channels

e Logic and power ground +/- 5V offset.

e Lower di/dt gate driver for better noise immunity

e Outputs in phase with inputs (IR2106/IR2186)

Description

The IR2106/IR2186 are high voltage, high speed
power MOSFET and IGBT drivers with independent
high and low side referenced output channels. Pro-
prietary HVIC and latch immune CMOS technologies
enable ruggedized monolithic construction. The logic
input is compatible with standard CMOS or LSTTL
output. The output drivers feature a high pulse cur-
rent buffer stage designed for minimum driver
cross-conduction. The floating channel can be used
to drive an N-channel power MOSFET or IGBT in
the high side configuration which operates up to 600
volts.

Product Summary

VOFFSET 600V max.
lo+/- 120 mA /250 mA
Voutr 10-20V 5-20V
(IR2106(4))  (IR2186)
ton/off (typ.) 180 ns
Delay matching 50 ns
Packages
8 Lead SOIC
8 Lead PDIP

14 Lead PDIP
Typical Connection
up 10 600V
Voo Pt -
i VCC VB . ::Lr
oy T HIN HO T
i LIN Vs o
COoM Lo —
::Er up to 600V
IR2106/IR2186 \Ho — S
Vcc ;T: Vcc Vs X
i HIN Vi 4 T0
LN LIN r'y LOAD
2 -
Ves Vs  COM )
o1 =
IR21064

www.irf.com
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IR2106 / IR21064 / IR2186 Infernationa
TGR Rectifier

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and still air conditions.

Symbol Definition Min. Max. Units
VB High side floating absolute voltage -0.3 625
Vs High side floating supply offset voltage Vg-25 Vg +0.3
VHO High side floating output voltage Vg-0.3 Vg + 0.3
Vce Low side and logic fixed supply voltage -0.3 25
Vio Low side output voltage . -0.3 Vce + 0.3 v
VIN Logic input voltage Vgs - 0.3 Vece + 0.3
Vss Logic ground (IR21064 only) Vce -25 Vcc + 0.3
dVg/dt Allowable offset supply voltage transient — 50 V/ns
Pp Package power dissipation @ Tpo < +25°C (8 lead PDIP) — 1.0
(8 lead SOIC) — 0.625
(14 lead PDIP) — 1.6 w
(14 lead SOIC) — 1.0
Rthya Thermal resistance, junction to ambient (8 lead PDIP) — 125
(8 lead SOIC) — 200 .
(14 lead PDIP) — 75 cw
(14 lead SOIC) — 120
Ty Junction temperature — 150
Ts Storage temperature -50 150 °C
TL Lead temperature (soldering, 10 seconds) — 300
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TSR Rectifier

Recommended Operating Conditions

IR2106 / IR21064 / IR2186

The Input/Output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The Vg and Vgg offset rating are tested with all supplies biased at 15V differential.

Symbol Definition Min. Max. Units
VB High side floating supply absolute voltage
IR2106(4) Vg + 10 Vs + 20
IR2186 Vg+5 Vs +20
Vg High side floating supply offset voltage Note 1 600
VHo High side floating output voltage Vs Vg
Vce Low side and logic fixed supply voltage v
IR2106(4) 10 20
IR2186 5 20
Vio Low side output voltage 0 Vce
VIN Logic input voltage Vss Vee
Vss Logic ground (IR21064 only) -5 5
Ta Ambient temperature -40 125 .| °C
Note 1: Logic operational for Vg of -5 to +600V. Logic state held for Vg of -5V to -Vgs.
Dynamic Electrical Characteristics
Veias (Vce, VBs) = 15V, Vgg = COM, C = 1000 pF, Ta = 25°C.
Symbol Definition Min. | Typ. | Max. | Units| Test Conditions
ton Turn-on propagation delay —_ 180 270 Vg =0V
toff Turn-off propagation delay — 170 250 Vs =0V or 600V
MT Delay matching, HS & LS turn-on/off — 0 50 | nsec
tr Turn-on rise time — 150 220 Vg =0V
tf Turn-off fall time — 50 80 Vs =0V
www.irf.com 213



IR2106 / IR21064 / IR2186

Static Electrical Characteristics

VBias (Vce, VBs) = 15V, Vgg = COM and Ta = 25°C unless otherwise specified. The V|, ViH and iy parameters are
referenced to Vgs/COM and are applicable to the respective input leads. The Vo, o and Ron parameters are referenced to

COM and are applicable to the respective output leads: HO and LO.

International
TSGR Rectifier
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Symbol Definition Min. | Typ. | Max.| Units |Test Conditions]
ViH Logic “1” input voltage (IR2106(4)/IR2186) 27| — — Ve = 10V to 20V
ViL Logic “0” input voltage (IR2106(4)/IR2186) — —_ 0.8 v Ve = 10V to 20V
VoH High level output voltage, Vgjas - Vo — 0.8 14 lo=20mA
VoL Low level output voltage, Vo - 0.3 0.6 lo=20mA
ILk Offset supply leakage current — — 50 Vg = Vg = 600V
laBs Quiescent Vgg supply current 20 60 150 Vin =0V or 5V
lace Quiescent V¢ supply current 50 120 | 240 VIN =0V or 5V
lIN+ Logic “1” input bias current HA

Vin = 5V (IR2106(4)/IR2186) — 5 20
IIN- Logic “0” input bias current
Vin = 0V (IR2106(4)/IR2186) — 1 2
Vccuv+ | Vece and Vgs supply undervoltage positive going
Vesuv+ | threshold  (IR2106(4)) 8.0 8.9 9.8
(IR2186) 3.8 4.4 5.0
Vecuv- Ve and Vs supply undervoltage negative going v
Vesyv- | threshold  (IR2106(4)) 7.4 8.2 9.0
(IR2186) 3.5 4.1 4.7
VccuvH | Hysteresis  (IR2106(4)) 0.3 0.7 —
VBSUVH (IR2186) 0.1 0.3 —
lo+ Output high short circuit pulsed current 120 200 —_— Vo=0V,
mA PW <10 ps
lo- Output low short circuit pulsed current 250 350 — Vo=15V,
PW <10 ps
www.irf.com



International IR2106 / IR21064 / IR2186
ISR Rectifier

Functional Block Diagrams

t » VB
IR2106/IR2186 DETECT LL
R HO
PULSE R Q
FILTER s
HIN o > Viever ] ' { vs
% = SHIFT eszglliiﬁorz

47—4Q/$—0 vCC
uv >

DETECT

LIN e— l’b vfg(%::m DELAY V—DO‘——“‘ E:L. COM

SHIFT

+——o LO

—AAN—
e

1 vB
IR21064 oeTECT
: |l=h

HO

R
PULSE R Q
FILTER s

' : — VS

HV
LEVEL
)\ SHIFTER

VSS/COM
HIN RN L] (=
% 8> ST PULS

E
GENERATOR

W VCC
uv 3

DETECT

LN P VSS/COM ‘_—DO__“L__% ( Eﬁ
> ‘ﬂ/ LEVEL DELAY 1 CcOM

SHIFT

+——o LO
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IR2106 / IR21064 / IR2186 Internationa
TSR Rectifiel
Lead Definitions
Symbol | Description
HIN Logic input for high side gate driver output (HO), in phase (IR2106(4)/1R2186)
LIN Logic input for low side gate driver output (LO), in phase (IR2106(4)/IR2186)
VSS Logic Ground (IR21064 only)
VB High side floating supply
HO High side gate drive output
Vs High side floating supply return
Vce Low side and logic fixed supply
LO Low side gate drive output
COM Low side return
Lead Assignments
N4 S
Vee ve | 8 | L 1] Veo ve| s |
HIN HO [ 7] [ 2] HIN HO [ 7]
LIN Vs [ 6] LIN Vs 6 |
cow  [F] T oow  0[F]
8 Lead PDIP 8 Lead SOIC
IR2106/1IR2186 IR2106S/IR2186S
S N
(1] vee E Vee [ 14]
(2] HN Vg [13] [2] N Vg
(] un o [12] (] o o 2]
<] vs [11] K vs [1]
] vss o] (5] ves o]
[ 6] com 9] [ 6] com B
[7] w0 o] [7] w 5 ]
14 Lead PDIP 14 Lead SOIC
IR21064 IR21064S
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International IR2106 / IR21064 / IR2186
TSR Rectifier

Case Outlines

. 1092 %gig% - NOTES:
&) O L% | B 1. DIMENSIONING & TOLERANCING PER ANSI Y14.5M—1982.
(CV R = T T e — 2. CONTROLLING DIMENSION: INCH.
8 7 6 S\ 711 [280] 3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]
6.10 [.240] 4. OUTLINE CONFORMS TO JEDEC OUTLINE MS—001AB.
2 3 4 (5] MEASURED WITH THE LEADS CONSTRAINED TO BE
= i — PERPENDICULAR TO DATUM PLANE C.
177 L070] | | (6] DIMENSION DOES NOT INCLUDE MOLD PROTUSIONS. MOLD
115 [.045] PROTUSIONS SHALL NOT EXCEED 0.25 [.010].
1.27 [.050]
0.39 [.015] i
I 4
MIN /L - \ 5.33 [.210]
—C- Yi } ! !j MAX /] \
4.06 [.160] rrtr I F iy
2.93 [.115] . | 8X 0" - 15 % I
‘ ’H* gy 0558 [.022] ~
L 0.356 [.014] AR
2.54 [.100] 62 [
> [&o25 L] @[c[6S[AG) . 5 038 03]
b 0.204 [.008]
8 Lead PDIP 01-3003 01
D @ RECOMMENDED FOOTPRINT oM INCHES MILLIMETERS
= —_— MN | MAX | MIN_ | NAX
H H H ‘ _.1 I-ax 0.72 [.028] A |.0532 | 0688 | 1.35 |1.75
A1 | .0040 | .0098 0.10 0.25
o Isg 7 & 5 mmmm b o014 [.018 |03 046
| 8 ’ LH LH © Y c |.0075 [.0098 [0.19 [0.25
E |$,0.25 [.010] @lA@l 6.46 [.255) \ 1 | | D |.189 |.196 480 |4.98
l 1 2 3 4 ] 8x 1.78 [.070] E 150 157 3.81 3.99
mmmmj e | 05 BASC | 127 BASC
H H:‘ H—_ e1 |.025 BASIC 0.635 BASIC
L— 27 [080) —=} | H | 2284 | 2440 | 580 |6.20
6X :l" K |0t |.019 | o028 |o048
L .016 .050 0.41 1.27
y | o 8 o 8
- . »l K x 45
i |
uiminnl i) ' 1
O ]0.10 [.004] L
»l l—— 8X b Al —T ——1 8X L 8X j
| 025 [010] @]c]A]8] (5] NOTES:
1. DIMENSIONING & TOLERANCING PER ASME Y14.5M-1994,
2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]
4. QUTLINE CONFORMS TO JEDEC OQUTLINE MS-012AA.
DIMENSION DOES NOT INCLUDE MOLD PROTRUSIONS.
MOLD PROTRUSIONS NOT TO EXCEED 0.25 [.006].
a DIMENSION IS THE LENGTH OF LEAD FOR
(MS-012AA) 01-0021 09 8 Lead SOIC SOLDERING TO A SUBSTRATE.
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IR2106 / IR21064 / IR2186

Internationa
TGR Rectifier

2019 [.795) .
= el A e NOTES:
) ) @ -~ 1. DIMENSIONING & TOLERANCING PER ANSI Y14.5M-1982.
F4 F4 4 F4 =4 F4 F4 ' a2 2. CONTROLLING DIMENSION: INCH.
14 7.11 [.280 3. DIMENSIONS ARE SHOWN IN MILLIMETERS ['NCHES]
6.10 %_240]] 4. OUTLINE CONFORMS TO JEDEC OUTLINE MS-001AC.
[@: MEASURED WITH THE LEADS CONSTRAINED TO BE
1 PERPENDICULAR TO DATUM PLANE C.
E=d B=d B=J B=d B=d B=J ES * [] DIMENSION DOES NOT INCLUDE MOLD PROTUSIONS. MOLD
177 [070] PROTUSIONS SHALL NOT EXCEED 0.25 [.010].
14X 115 [ 045]
0.39 [ 5] | i
T
! 035 L210] J ] )
al MAX i I
| ! 0 o 1 ]\ts
406 [ 50 | | 14X 07— 15° 4 !
293 ! t
’JL 0.558 [.022] 7.62 [.300] /= 14y 0-381 [.015]
T 100 L 190 356 | 014 © 0.204 [.008)
12x [@]0.25 [.010] @]C]B@IA@|
14 Lead PDIP 01-3002 03
NOTES:
874 [344} 1 DIMENSIONING & TOLERANCING PER ANSI Y14.5M-1982.
~8.56 [.337] | 2 CONTROLLING DIMENSION: ~ MILLIMETER
i 3 DIMENSIONS ARE SHOWN IN MILLMETERS [INCHES]
& H H AR 4 OUTLINE CONFORMS TO JEDEC OUTLINE MS-012AB.
0 ! 6.20 [ 2440] DIMENSION IS THE LENGTH OF LEAD FOR SOLDERING 10
A 3,99 [157] 5,80 [.2284] 2 A SUBSTRATE.
381 [150] |, e DIMENSION DOES NOT INCLUDE MOLD PROTUSIONS. MOLD
(@] 0.25 [010] ®[C[BD) PROTUSIONS SHALL NOT EXCEED 0.15 [.006 |
f (REEEE: H_{
0.48 [ 0
0.25 [.0098] 028 [oit] X 4
1:]_ [010 [.0040] '
1.75 1.0688
§ 1.35 [.0532
[1.27 [.050] | {« T/ 0501 *
4
W 832 14X 041 [016]
(5] 14« 025 [.009]
[ 0.25 [.010] @fc[B@IA@] 0.19 [0075] "4
14 Lead SOIC (narrow body) 01-3063 00
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Infernational IR2106 / IR21064 / IR2186

TGR Rectifier

HIN
LIN

HO
LO

Figure 1. Input/Output Timing Diagram Figure 2. Switching Time Waveform Definitions

LO, HO

10%
MT —¥  — { e—wmT
90%

LO HO

Figure 3. Delay Matching Waveform Definitions

International

IGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105

IR EUROPEAN REGIONAL CENTRE: 439/445 Godstone Rd., Whyteleafe, Surrey CR3 0BL, United Kingdom

Tel: ++ 44 (0) 20 8645 8000

IR JAPAN: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo, Japan 171-0021 Tel: 8133 983 0086
IR HONG KONG: Unit 308, #F, New East Ocean Centre, No. 9 Science Museum Road, Tsimshatsui East, Kowloon
Hong Kong Tel: (852) 2803-7380

Data and specifications subject to change without notice. 4/17/2000
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International
TGR Rectifier

Preliminary Data Sheet No. PD60163-K

IR2109/IR21094
IR2189

HIGH AND LOW SIDE DRIVER

Features

e Floating channel designed for bootstrap operation
Fully operational to +600V
Tolerant to negative transient voltage
dV/dt immune
e Gate drive supply range from 10 to 20V
(IR2109(4)) or 5 - 20V (2189)
e Undervoltage lockout for both channels
e 5V Schmitt triggered input logic
e Cross-conduction prevention logic
e Matched propagation delay for both channels
e High side output in phase with IN input
e Logic and power ground +/- 5V offset.
e Internal 500ns dead-time, and programmable
up to 5us with one external RpT resistor (IR21094)
e Lower di/dt gate driver for better noise immunity
o Shut down input turns off both channels.

Description

The IR2109(4)/IR2189 are high voltage, high speed
power MOSFET and IGBT drivers with dependant high
and low side referenced output channels. Proprietary
HVIC and latch immune CMOS technologies enable
ruggedized monolithic construction. The logic input is
compatible with standard CMOS or LSTTL output. The
output drivers feature a high pulse current buffer stage
designed for minimum driver cross-conduction. The
floating channel can be used to drive an N-channel
power MOSFET or IGBT in the high side configuration

Product Summary

VOFFSET 600V max.
lo+/- 120 mA / 250 mA
Voutr 10-20V 5-20V
(IR2109(4))  (IR2189)

ton/off (typ.) 180 ns

Delay matching 500 ns

(programmable up to 5uS for IR21094)

Packages

*

8 Lead SOIC

£

il

14 Lead SOIC

W’WM
14 Lead PDIP

which operates up to 600 volts. & Lead FDIP
Typical Connection
up to 600V
£ VCC VB - T
N T IN HO T
53 SD Vs I T Bho
COM Lo Er up to 600V
_ IR21094
IR2109/IR2189 i HO T
VCC 1 VCC VB i i
IN T IN Ve [ ! 0
SD SD i LOAD
% oT M
Ves Y com |—& —
RDT * LO ; Dzr

www.irf.com
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IR2109 / IR21094 / IR2189 Infernationa

TSGR Rectifier

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and still air conditions.

Symbol Definition Min. Max. Units
\'/:) High side floating absolute voltage -0.3 625
Vs High side floating supply offset voltage Vg-25 Vg +0.3
VHO High side floating output voltage Vs-03 Ve + 0.3
Vce Low side and logic fixed supply voltage -0.3 25
VLo Low side output voltage -0.3 Vce +0.3 v
DT Programmable dead-time pin voltage (IR21094 only) Vgs - 0.3 Vcec +0.3
VIN Logic input voltage (IN & SD) Vss - 0.3 Ve + 0.3
Vss Logic ground (IR21094/IR21894 only) Vce -25 Vcec +0.3
dVg/dt Allowable offset supply voltage transient — 50 Vins
Pp Package power dissipation @ Tp < +25°C (8 Lead PDIP) — 1.0
(8 Lead SOIC) — 0.625
(14 lead PDIP) — 16 w
(14 lead SOIC) — 1.0
Rthya Thermal resistance, junction to ambient (8 Lead PDIP) — 125
(8 Lead SOIC) —_ 200
(14 lead PDIP) — 75 oW
(14 lead SOIC) — 120
Ty Junction temperature — 150
Ts Storage temperature -50 150 °C
T Lead temperature (soldering, 10 seconds) — 300
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IR2109 / IR21094 / IR2189

Recommended Operating Conditions

The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The Vg and Vgg offset rating are tested with all supplies biased at 15V differential.

Symbol Definition Min. Max. Units
VB High side floating supply absolute voltage
IR2109(4) Vg + 10 Vs + 20
IR2189 Vg+5 Vs + 20
Vs High side floating supply offset voltage Note 1 600
VHo High side floating output voltage Vs VB v
Vce Low side and logic fixed supply voltage
1R2109(4) 10 20
IR2189 5 20
VLo Low side output voltage 0 Vce °C
VIN Logic input voltage (IN & SD) Vss Vce
DT Programmable dead-time pin voltage (IR21094 only) Vss Vce
Vss Logic ground (IR21094 only) -5 5
TA Ambient temperature -40 125

Note 1: Logic operational for Vg of -5 to +600V. Logic state held for Vg of -5V to -Vps.

Dynamic Electrical Characteristics
VBias (Vce, Ves) = 15V, Vgg = COM, C = 1000 pF, Ta = 25°C, DT = VSS unless otherwise specified.

Symbol Definition Min. | Typ. | Max. | Units| Test Conditions
ton Turn-on propagation delay —_ 680 900 Vg =0V
toff Turn-off propagation delay —_ 170 250 Vs =0V or 600V
tsd Shut-down propagation delay — 180 270
MT Delay matching, HS & LS turn-on/off — 0 — nsec
tr Turn-on rise time —_ 150 220 Vg =0V
tf Turn-off fall time —_ 50 80 Vg =0V
DT Deadtime: LO turn-off to HO turn-on(DTLO-HO) 380 500 620 RDT=0
HO turn-off to LO turn-on (DTHO-LO) 4 5 6 usec | RDT = 200k (IR21094)
MDT Deadtime matching = DTLO - HO - DTHO-LO — 0 60 nsec RDT=0
— 0 600 RDT = 200k (IR21094)
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IR2109 / IR21094 / IR2189 Internationa
ISR Rectifiel

Static Electrical Characteristics

Veias (Vce, VBs) = 15V, Vgs = COM, DT=Vsg and Ta = 25°C unless otherwise specified. The Vi, Vi and IiN
parameters are referenced to Vss /COM and are applicable to the respective input leads: IN and SD. The Vo, lpo and Ron
parameters are referenced to COM and are applicable to the respective output leads: HO and LO.

Symbol Definition Min. | Typ. | Max.| Units [Test Conditions
ViH Logic “1” input voltage for HO & logic “0” for LO 2.7 — — Vce = 10V to 20V
ViL Logic “0” input voltage for HO & logic “1” for LO — — 0.8 Vce = 10V to 20V

VsD,TH+ | SD input positive going threshold 2.7 — — v Vce = 10V to 20V
VsD,TH- | SD input negative going threshold — —_ 0.8 Vcc = 10V to 20V
VOoH High level output voltage, Vpias - Vo — 0.8 1.4 lo =20 mA
VoL Low level output voltage, Vo — 0.3 0.6 lo=20mA
Lk Offset supply leakage current — — 50 VB = Vs = 600V
laBs Quiescent Vgg supply current 20 60 150 HA ViN=0V or 5V
lacc Quiescent Vcc supply current 0.4 1.0 1.6 mA VN =0V or 5V
RDT =0
N+ Logic “1” input bias current — 5 20 IN =5V, SD = 0V
lIN- Logic “0” input bias current — 1 2 KA IN=0V, SD =5V
Vccuv+ | Ve and Vgs supply undervoltage positive going
VBsuv+ | threshold IR2109(4) 8.0 8.9 9.8
IR2189 3.8 4.4 5.0
Vecuv- Vcc and Vs dupply undervoltage negative going
Vesuv- | threshold IR2109(4) 74 | 82 | 90| V
IR2189 3.5 4.1 4.7
VccuvH | Hysteresis IR2109(4) 0.3 0.7 —
VBSUVH IR2189 0.1 0.3 _—
lo+ Output high short circuit pulsed vurrent 120 200 — mA Vo=0V,PW<10 ps
lo- Output low short circuit pulsed current 250 350 — Vo=15VPW <10 ps
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Infernational IR2109 / IR21094 / IR2189

TSR Rectifier

Functional Block Diagrams

IR2109/IR2189 % % oeteor

PULSE
LE'-\'/VEL FILTER
IN VSS/COM SHIFTER I
Yo~ LEVEL — =
SHIFT PULSE

GENERATOR

AANA DEADTIME “T@]—' vee
* w ! 1

+5V DETECT

S_D o— Vfg\;:EOLM DELAY “——Do— Z_ CcOoM
v

SHIFT

(-

t » VB
IR21094 é % oerecT 1,

HO

R
PULSE R @
FILTER s

[ 1 VS

HV
LEVEL
SHIFTER

IN VSS/COM ]
e w5
GENERATOR

DT AANA DEADTIME - I E] + VCC

uv
+5V DETECT ) LO

VSs/COM — AR ( Eﬁ !
_Do— LEVEL DELAY ] CcoM

SHIFT

\4

VSS ’ﬁ
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IR2109 / IR21094 / IR2189

Lead Definitions

Internationa
TSGR Rectifier

Symbol | Description
IN Logic input for high and low side gate driver outputs (HO and LO), in phase with HO (referenced to COM
for IR2109/IR2189 and VSS for IR21094)
SD Logic input for shutdown (referenced to COM for IR2109/IR2189 and VSS for IR21094)
DT Programmable dead-time lead, referenced to VSS. (IR21094 only)
VSS Logic Ground (21094 only)
\'/:] High side floating supply
HO High side gate drive output
Vs High side floating supply return
Vce Low side and logic fixed supply
LO Low side gate drive output
COM Low side return

Lead Assignments

oo Va[E] ve []
n wo [7] wo [7]
© vs [¢] vs [
8 Lead PDIP 8 Lead SOIC
IR2109/IR2189 IR2109S/IR2189S
_/
[ vee — [1] 1] veo 4]
2] w vs [2] 2] n va [13]
Bk o [12] (5] o [e]
[&] or vs [11] [a] or vs 1]
[5] vss [5] vss [10]
[e] com ] [e] com o]
[7] w0 o [7] w0 & ]
14 Lead PDIP 14 Lead SOIC
IR21094 IR21094S
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Case Outlines

10.92 [.430]

A —— NOTES:
” 8.84 [.348] ) 1. DIMENSIONING & TOLERANCING PER ANSI Y14.5M-1982.
OIsE=N=0=! p ) 2. CONTROLLING DIMENSION: INCH.
8 7 6 5\ 711280 3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]
6.10 [.240] 4. OUTLINE CONFORMS TO JEDEC OUTLINE MS-001AB.
(5] MEASURED WITH THE LEADS CONSTRAINED TO BE

4 PERPENDICULAR TO DATUM PLANE C.
DIMENSION DOES NOT INCLUDE MOLD PROTUSIONS. MOLD

‘
A

N
PROTUSIONS SHALL NOT EXCEED 0.25 [.010].
1.27 [.050]
5.33 [.210] / |
MAX N .
8X 0" — 15° % A\
ax 0998 [022) ~
L 0.356 [.014] T ET
2.54 [.100] : 62 [.
= (@025 [010] @[c[6O[AO) e, ossiros)
¥ 0.204 [.008]
8 Lead PDIP 01-3003 01
D 8] RECOMMENOED  FOOTPRINT o |—NCHES MILLIMETERS
7y e — MN | MAX | MIN | MAX
H H H -| rax 0.72 [.028) A | 0532 |.0688 | 135 |1.75
Al | 0040 | 0098 | 0.10 | 0.25
g 7 6 5 Wm[ﬁﬂﬂ b | 014 |.018 | 036 |046
| & H ‘ HJ LH Lrl Lr' ¢ |.0075 | .0098 | 019 |0.25
£ I$|025 .01 ]@‘A@| 646 [258) | | | | D |.189 |[.196 | 480 |4.98
L 1 2 35 4 Lo 8X 1.78 [.070] E | 150 | 157 | 381 |3.99
m m B] mj e | 050 BASC | 1.27 BASIC
|:H H S | €1 |.025 BASIC | 0.635 BASIC

H
.27 [.050] —4
6X @—-‘ - 2

H |.2284 | .2440 | 5.80 6.20
K | .01 019 0.28 0.48
L |.016 .050 0.41 1.27
y 0’ 8 0 8

e . A—“——wa
[ — y

AT it
——H——axr; A1—, \E‘M A—H——SXL sxj

[#]o25 Lo10] @][c[a]s] (5) NOTES:

DIMENSIONING & TOLERANCING PER ASME Y14.5M—1994.]
CONTROLLING DIMENSION: MILLIMETER.

DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].
OUTLINE CONFORMS TO JEDEC OUTLINE MS-012AA.
DIMENSION DOES NOT INCLUDE MOLD PROTRUSIONS.
MOLD PROTRUSIONS NOT TO EXCEED 0.25 [.006]
DIMENSION IS THE LENGTH OF LEAD FOR
(MS-012AA) 01-0021 09 8 Lead SOIC SOLDERNG T0 A SUBSTRATE.
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2019 [.795)
. NOTES:
18.42 [ 725] - 1. DIMENSIONING & TOLERANCING PER ANSI Y14.5M-1982.
3 e i L& 2. CONTROLLING DIMENSION: INCH.
14 711 280 3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]
6.10 &.240& 4. OUTLINE CONFORMS TO JEDEC OUTLINE MS-001AC.
MEASURED WITH THE LEADS CONSTRAINED TO BE
1 PERPENDICULAR TO DATUM PLANE C.
T 9 0 =9 9 = T (6) DIMENSION DOES NOT INCLUDE MOLD PROTUSIONS. MOLD
1.7 [.070] PROTUSIONS SHALL NOT EXCEED 0.25 [.010].
14X 145 [045]
039 [018]7 , i
MN I | 533 [210]
—C- ! ! MAX A Ih
4.06 %160] | | I i 1\
295 [.115] o 1ax 0% 15° § j
I L 4y 0558 [.022] ~
2.54 [.100 0.3 [.014] 7.62 [.300]}- 1ax 0381 [015]
12X [@]0.25 [010] D[ [BO[AS) 0.204 [.008]
14 Lead PDIP
01-3002 03
NOTES:
8.74 [.344] 1 DIMENSIONING & TOLERANCING PER ANSI Y14.5M-1982.
8.56 [.337] . 2 CONTROLLING DIMENSION: MILLMETER
Al 18 3 DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]
+ TR ﬁoﬁ Hw———i 4 OUTLINE CONFORMS TO JEDEC OUTLINE MS-01248.
) ! 6.20 [.2440] DIMENSION 1S THE LENGTH OF LEAD FOR SOLDERING TO
A 399 [.157] 5.80 [ 2284] A SUBSTRATE
381 [150] |, - DIMENSION DOES NOT INCLUDE MOLD PROTUSIONS. MOLD
[@] 0.25 [010] @[c[B@) PROTUSIONS SHALL NOT EXCEED 0.15 [.006 |
} HHHEHH H———f
48 .01
0.25 [.0098] 0% %81?]] X 45°
e e e R €20 00 g° y
i / 175 40688]
} 1.35 [.0532
_—4—1‘27 [.050] LH ( *
1.27 [.050]
12X 0.46 [.018]
0.56 [0 - '4 [1'2;6} 0.25 [.0098]
(61025 [010] @ [t OIAE) 015 [oo75] ¥
14 Lead SOIC (narrow body)
01-3063 00

228

www.irf.com



International IR2109 / IR21094 / IR2189

TSGR Rectifier

s I I I IN(HO)
w0 L]
]

90%

Figure 1. Input/Output Timing Diagram Figure 2. Switching Time Waveform Definitions
SD
50% 50% 50%
IN
tsd
HO 90%
LO
LO C90% DTho-Lo
Figure 3. Shutdown Waveform Definitions
10%
IN(LO)
50% 50% MDT= | DT 6o - DTyou0 |
IN (HO),

Figure 4. Deadtime Waveform Definitions

Lo/ /HO
10%
MT MT
90%
LO\_\HO

Figure 5. Delay Matching Waveform Definitions
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IR Rectifier

Data Sheet No. PD60143-L

IR2127/IR2128
IR21271

CURRENT SENSING SINGLE CHANNEL DRIVER

Product Summary

Features

e Floating channel designed for bootstrap operation
Fully operational to +600V
Tolerant to negative transient voltage dV/dt immune

e Application- specific gate drive range:
Motor Drive: 12 to 20V (IR2127/IR2128)
Automotive: 9 to 20V (IR21271)

¢ Undervoltage lockout

e 5V Schmitt-triggered input logic

e FAULT lead indicates shutdown has occured

e Output in phase with input (IR2127/IR21271)

e Output out of phase with input (IR2128)

Description

The IR2127/IR2128/IR21271 is a high voltage, high
speed power MOSFET and IGBT driver. Proprietary
HVIC and latch immune CMOS technologies enable
ruggedized monolithic construction. The logic input is
compatible with standard CMOS or LSTTL outputs. The
protection circuity detects over-current in the driven
power transistor and terminates the gate drive voltage.
An open drain FAULT signal is provided to indicate
that an over-current shutdown has occurred. The out-
put driver features a high puise current buffer stage
designed for minimum cross-conduction. The floating

VOFFSET
lo+/-

Vout

Vcsth

ton/off (typ.) 200 & 150 ns

600V max.
200 mA / 420 mA

12 - 20V 9 -20V
(IR2127/IR2128) (IR21271)

250 mV or 1.8V

Packages

. 8 Lead PDIP
channel can be used to drive an N-channel power MOS-
FET or IGBT in the high side or low side configuration 8 Lead SOIC
which operates up to 600 volts.
Typical Connection
Pt ' o
Ve © +- Voo v, + -| ~
IN O T IN HO T 3
AT © FAULT  cs 3
com A 3 °
IR2127/IR21271 o
= Vee © T Vee Vg X
mo N iN HO T [WH :
AT © FAULT  cs 3
CoM A

IR2128

www.irf.com
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IR2127 / IR21271 / IR2128

Absolute Maximum Ratings
Absolute Maximum Ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The Thermal Resistance and Power Dissipation ratings are measured
under board mounted and still air conditions.

International
TGR Rectifier

Symbol Definition Min. Max. Units
\'/:) High Side Floating Supply Voltage -0.3 625
Vs High Side Floating Offset Voltage Vg-25 Vg +0.3
VHO High Side Floating Output Voltage Vs -0.3 Vg +0.3
Vce Logic Supply Voltage -0.3 25 \'
VIN Logic Input Voltage -0.3 Vcc +0.3
VFLT FAULT Output Voltage -0.3 Vce + 0.3
Vcs Current Sense Voltage Vs-0.3 Ve +0.3
dVg/dt Allowable Offset Supply Voltage Transient — 50 V/ns
Pp Package Power Dissipation @ Tao < +25°C (8 Lead DIP) — 1.0
(8 Lead SOIC) — 0.625 w
Rthya Thermal Resistance, Junction to Ambient (8 Lead DIP) — 125 C/W
(8 Lead SOIC) - 200
Ty Junction Temperature — 150
Ts Storage Temperature -55 150 °C
TL Lead Temperature (Soldering, 10 seconds) — 300

Recommended Operating Conditions

The Input/Output logic timing diagram is shown in Figure 1. For proper operation the device should be used within the

recommended conditions. The Vg offset rating is tested with all supplies biased at 15V differential.

Symbol Definition Min. Max. Units
\'/:) High Side Floating Supply Voltage  (IR2127/IR2128) Vs +12 Vs + 20
(IR21271) Vs +9 Vs + 20
Vs High Side Floating Offset Voltage Note 1 600
VHO High Side Floating Output Voltage Vs \'/:]
Vce Logic Supply Voltage 10 20 v
VIN Logic Input Voltage 0 Vce
VELT FAULT Output Voltage 0 Vce
Vcs Current Sense Signal Voltage Vs Vs+5
Ta Ambient Temperature -40 125 °C
Note 1: Logic operational for Vg of -5 to +600V. Logic state held for Vg of -5V to -Vps.
232 www.irf.comr



International IR2127 / IR21271 / IR2128
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Dynamic Electrical Characteristics

VBias (Vce, VBs) = 15V, CL = 1000 pF and Ta = 25°C unless otherwise specified. The dynamic electrical characteristics
are measured using the test circuit shown in Figure 3.

Symbol Definition Min. Typ. Max.| Units | Test Conditions
ton Turn-On Propagation Delay — 200 | 250 Vg =0V
tof Turn-Off Propagation Delay — 150 | 200 Vg = 600V
t Turn-On Rise Time — 80 130
t; Turn-Off Fall Time — 40 65 ns
to) Start-Up Blanking Time 500 700 | 900
tes CS Shutdown Propagation Delay — 240 | 360
m CS to FAULT Pull-Up Propagation Delay C— 340 | 510

Static Electrical Characteristics

VBias (Vce, VBs) = 15V and Ta = 25°C unless otherwise specified. The VN, VTH and Iy parameters are referenced to
COM. The Vo and lp parameters are referenced to Vs.

Symbol Definition Min. Typ. Max.| Units | Test Conditions
ViH Logic “1” Input Voltage (IR2127/IR21271) 3.0 . .
Logic “0” Input Voltage (IR2128) Y
ViL Logic “0” Input Voltage (IR2127/1R21271)
Logic “1” Input Voltage (IR2128) - |— |08 Vee =10Vt0 20V
VesTHs CS Input Positive (IR2127/1IR2128) 180 250 | 320 | mV
Going Threshold (IR21271) — 1.8 — \Y
Vou High Level Output Voltage, Vgjas - VO — — 100 mv 10 =0A
VoL Low Level Output Voltage, VO — —_ 100 10 =0A
Ik Offset Supply Leakage Current — — 50 Vg = Vg = 600V
loss Quiescent Vgg Supply Current — 200 | 400 Vi = OV or 5V
lacc Quiescent Vg Supply Current — 60 120
ling Logic “1” Input Bias Current — 7.0 15 KA ViN=5V
IN- Logic “0” Input Bias Current — — 1.0 Vin =0V
lcss “High” CS Bias Current — — 1.0 Vcs = 3V
Igs.- “High” CS Bias Current — — 1.0 Vgg =0V
VBsuvs+ Vgs Supply Undervoltage (IR2127/IR2128) 8.8 10.3 | 11.8
Positive Going Threshold (IR21271) 6.3 7.2 8.2 v
VBSuv- Vgs Supply Undervoltage (IR2127/IR2128) 7.5 9.0 | 10.6
Negative Going Threshold (IR21271) 6.0 6.8 7.7
los+ Output High Short Circuit Pulsed Current 200 250 — Vo=0V,V|y=5V
A PW < 10 ps
lo- Output Low Short Circuit Pulsed Current 420 500 — Vo =15V, V|y=0V
PW <10 s
Ron, FLT FAULT - Low on Resistance — 125 — Q
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Functional Block Diagram IR2127/IR21271

International
TR Rectifier

FAULT

FAULT

DOWN
SHIFTER
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International IR2127 / IR21271 / IR2128
TGR Rectifier

Lead Definitions

Symbol Description
Vce Logic and gate drive supply
IN Logic input for gate driver output (HO), in phase with HO (IR2127/IR21271)

out of phase with HO (IR2128)
FAULT | Indicates over-current shutdown has occurred, negative logic
COM Logic ground

Vg High side floating supply

HO High side gate drive output

Vg High side floating supply return

CS Current sense input to current sense comparator

Lead Assignments

N —/
1] vee va| 8] [ ] vee VB E
2] Ho [ 7] [2]w HO [ 7 |
[ | FAOLT cs[s] [z FATT cs[6]
[4] com vs| 5] [4] com vs | 5]
8 Lead PDIP 8 Lead SOIC
IR2127/IR21271 IR2127S/IR21271S
[ ] vee ~ vale] 1] Vec ~ ve e8]
2]~ Ho [ 7] (2]~ HO [ 7]
[z]] FAuLT cs |6 | (=] FATLT cs 6]
[ ] com vs | 5| [ com vs | 5]
8 Lead PDIP 8 Lead SOIC
IR2128 1R2128S
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N [ IN
(IR2128) (IR2128)

IN
(IR2127/
IR21271) —

F‘I IN
Ccs (IR2127/ t
IR21271) "
FAULT
I— Figure 2. Switching Time Waveform Definition
HO

Figure 1. Input/Output Timing Diagram

IN * 50% /
(IR2128)
50%
IN \
(IR2127/ { tl

IR21271)

Figure 3. Start-up Blanking Time Waveform Definitions

VestH VcsTH
Cs
tCS
HO 90%
Figure 4. CS Shutdown Waveform Definitions Figure 5. CS to FAULT Waveform Definitions
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Turn-On Delay Time (ns)

Turn-Off Delay Time (ns)

Turn-On Rise Time (ns)

500
400
P
/.
Max.| /—/ - | =t —
200 +——+4—
p—
100
Typ
0
50 25 0 25 50 75 100 125
Temperature (°C)
Figure 10A Turn-On Time vs. Temperature
500
400
300 —
|
Max T -
200 o m—
—— - _—‘—-—_.—-—"_"__i
100 +———F
Typ.
0
-50  -25 0 25 50 75 100 125

Temperature (°C)

Figure 11A Turn-Off Time vs. Temperature

500
400
300
200 —
Max LT
100 |— e e = =
o [Tvp

-50 -25 0 25 50 75 100 125
Temperature (°C)

Figure 12A Turn-On Rise Time vs. Temperature
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Turn-On Delay Time (ns)

Turn-Off Delay Time (ns)

Turn-On Rise Time (ns)

IR2127 / IR21271 / IR2128

500
400
Max.
300 ===
[ — B — m— —
200 =
Typ T———
100
0
10 12 14 16 18 20
VBIAS Supply Voltage (V)
Figure 10B Turn-On Time vs. Voltage
500
400
300
__Max.
200 e —
100 {-Typ.
0
10 12 14 16 i8 20
VBIAS Supply Voltage (V)
Figure 11B Turn-Off Time vs. Voltage
500
400
300
200 Max.
100 AYE: -‘ﬁ___ﬁ
0 =
10 12 14 16 18 20

VBIAS Supply Voltage (V)

Figure 12B Turn-On Rise Time vs. Voltage
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200
@ 150
£
£
E 100 —
® =T
L Max. —
£ 50 e =
Q
§ Typ
(= 0

-50 -25 0 25 50 75 100 125

Temperature (°C)

Figure 13A Turn-Off Fall Time vs. Temperature

1600
Z 00
1200 —
£ 1000 =T
£ _
2 g M 4—T - —
£ — "
[= / —
[} + — h—
s 400 ==
£ 200 - Min.
k5
» 0

50 -25 0 25 50 75 100 125
Temperature (°C)

Figure 14A Start-Up Blanking Time vs. Temperature

,g 500

£ —
> 400 e =

g Max |l —_——

2 300 = —
Q "1

S 200

Q

13

a 100

£

§ 0

2 -50 -25 0 25 50 75 100 125
75

2 Temperature (°C)

Figure 15A CS Shutdown Propagation Delay
vs. Temperature
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Turn-Off Fall Time (ns)

Start-Up Blanking time (ns)

CS Shutdown Propagation Delay (ns)
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200

150

100
Max.

[ —

Typ.

P e — — —

50

10 12 14 16 18 20
VBIAS Supply Voltage (V)

Figure 13B Turn-Off Fall Time vs. Voltage

1600
1400
1200
1000 [ Max_ |
800‘_TYP- ——-__——-—_
400 Min, T ——
200

0

10 12 14 16 18 20

Vcc Supply Voltage (V)
Figure 14B Start-Up Blanking Time

vs Voltage
500
MAX.

400
300 + Typ.
200
100

0

10 12 14 16 18 20
Vcce Supply Voltage (V)

Figure 15B CS Shutdown Propagation Delay
vs. Voltage
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800
700
600 —
500 4 —
400 {——= P
300 + Typ "]
200 -
100

0

\__I

CS to FAULT Pull-Up
Propagation Delay Time (ns)

-50 -25 0 25 50 75 100 125
Temperature (°C)

Figure 16A CS to FAULT Pull-Up Propagation Delay
vs. Temperature

8
7
6
S s
[}
g 41T ™min.
S 34 T P Sl i AP T W
5 2
Q
£ 1
0
50  -25 0 25 50 75 100 125
Temperature (°C)
Figure 17A Logic “1” Input Voltage (IR2127)
Logic “0” Input Voltage (IR2128)
vs Temperature
4
3.2
S 24
(9]
g
= 16
2
3 0.8 {—=— e — e —— —— —
£
0

-50 -25 0 25 50 75 100 125
Temperature (°C)
Figure 18A Logic “0” Input Voltage (IR2127)

Logic “1” Input Voltage (IR2128)
vs Temperature
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800
700
600 + Max.

500 [ T
“400 L TYP
300
200
100

0

CS to FAULT Pull-Up
Propagation Delay Time (ns)

10 12 14 16 18 20
VCC Supply Voltage (V)

Figure 16B CS to FAULT Pull-Up Propagation Delay

vs. Voltage
8
7
—~ 6
2
z 5
S 47 Min.
f 3+—_—
3 2
=
= 1
0
10 12 14 16 18 20
VCC Supply Voltage (V)
Figure 17B Logic “1” Input Voltage (IR2127)
Logic “0” Input Voltage (IR2128)
vs Voltage
4
3.2
>
o 24
j=))
B
g 1.6
=] Max
g0 ——,—— e ——— ——— —
0
10 12 14 16 18 20

VCC Supply Voltage (V)

Figure 18B Logic “0” Input Voltage (IR2127)
Logic “1” Input Voltage (IR2128)
vs Voltage
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500

400

300

200

100

CS Input Positive Going Voltage m(V)

-25 0 25 50
Temperature (°C)

75 100

125

Figure 19A CS Input Positive Going Voltage
vs Temperature (IR2127/IR2128)

0.8

0.6

0.4

0.2
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High Level Output Voltage (V)

-50

-25 0 25 50

Temperature (°C)
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Figure 20A High Level Output vs Temperature

0.8
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0.4

0.2

Low Level Output Voltage (V)

0

Max.

e ] e e — e ] e

-50

-25 0 25 50
Temperature (°C)

Figure 21A Low Level Output vs Temperature
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=
@ 400
g
§ 300 Max.
g [ R
8 200 Tvp.
° | Tve. O e
;% 100 —
& in
] 0
g 10 12 14 16 18 20
8 Vce Supply Voltage (V)

Figure 19B CS Input Positive Going Voltage
vs Voltage (IR2127/IR2128)
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High Level Output Voltage (V)
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Figure 20B High Level Output vs Voltage

0.8
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04
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Low Level Output Voltage (V)
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Figure 21B Low Level Output vs Voitage
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__ 500 500
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£ 400 S 400
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%: 100 =7 3 100
a Max. B RS S § M |
A e s 5 I i
5 -50  -25 0 25 50 75 100 125 3 0 100 200 300 400 500 600
Temperature (°C) 8 VB Boost Voltage (V)
Figure 22A Offset Supply Current Figure 22B Offset Supply Current
vs Temperature vs Voltage
800 800
. 7100 - 700
ET 3 600
g 500 = £
& = g 500 ——
3 400 TMax. e et 3 400 { Max. I Y T
o e — —
> 300 f———{ Z 300
& 0T —"] g Typ.
a P ——— @ 200
@ 100 @ 100
> 0 > 0
50 25 O 25 5 75 100 125 10 12 14 16 18 20
Temperature (°C) Vce Supply Voltage (V)
Figure 23A VBS Supply Current Figure 23B VBS Supply Current
vs Temperature vs Voltage
300 300
:(; 250 3 250
€ €
S 200 Max § 20
3 3 150 e ==
Q150 2 Max e
g -~ S 100 B
& ~—— ~ o I
2 100 +Typ ~ @
@ —_— e~ o 50
S — s Typ
0
—
0 10 12 14 16 18 20
50 25 0 25 5 75 100 15
Temperature (°C) Vce Supply Voltage (V)
Figure 24A Vcc Supply Current Figure 24B Vcc Supply Current
vs Temperature vs Voltage
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Figure 25A Logic “1” Input Current
vs Temperature
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Figure 27A “High” CS Bias Current
vs Temperature
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Logic “1” Input Bias Current (uA)

Logic “0” Input Current (uA)

“High” CS Bias Current (uA)
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Figure 25B Logic “1” Input Current
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Figure 29A VBS Undervoltage Threshold (+)
vs Temperature (IR2127/IR2128)
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Figure 30A VBS Undervoltage Threshold (-)
vs Temperature (IR2127/IR2128)
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Case Outline - 8 Lead SOIC

IR2127 / IR21271 / IR2128
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NOTES:

1. DIMENSIONING & TOLERANCING PER ASME Y14.5M-1994.
2. CONTROLLING DIMENSION: MILLIMETER.

3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]
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Preliminary Data Sheet No. PD-60172-A

IR2181/IR21814

HIGH AND LOW SIDE DRIVER

Features

e Floating channel designed for bootstrap operation
Fully operational to +600V

Product Summary

Tolerant to negative transient voltage VOFFSET 600V max.
dv/dt immune
e Gate drive supply range from 10 to 20V lo+/- 1.7A/1.7A
e Undervoltage lockout for both channels
e 5V Schmitt triggered input logic VouT 10 - 20V
e Matched propagation delay for both channels
e Logic and power ground +/- 5V offset. ton/off (typ.) 180 ns
e Lower di/dt gate driver for better noise immunity .
e Outputs in phase with inputs (IR2181/IR21814) Delay matching 50 ns
Description Packages
The IR2181/IR21814 are high voltage, high speed
power MOSFET and IGBT drivers with independent > |
high and low side referenced output channels. Pro- 4
prietary HVIC and latch immune CMOS technologies % Lo
enable ruggedized monolithic construction. The logic 14 Lead SOIC
input is compatible with standard CMOS or LSTTL 8 Lead SOIC
output. The output drivers feature a high pulse cur-
rent buffer stage designed for minimum driver
cross-conduction. The floating channel can be used
to drive an N-channel power MOSFET or IGBT in L U ik
the high side configuration which operates up to 600 8 Lead PDIP "W
voits. 14 Lead PDIP
Typical Connection
4 Vee Ve ’—'Vvﬁk T
H T HIN HO T
t:_z LIN Vg 595
com Lo wr up to 600V
3 IR21814
IR2181 , , ( H\;) ] T
cc - cc B i
HiN T HIN Vg & To
:::_:: LIN ry LOAD
Ves Vs COM ’PF o)
Lo II tl]

www.irf.com
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TGR Rectifier
Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and still air conditions.

Symbol Definition Min. Max. Units
VB High side floating absolute voltage -0.3 625
Vg High side floating supply offset voltage Vg -25 Vg + 0.3
VHoO High side floating output voltage Vg -0.3 Ve + 0.3
Vce Low side and logic fixed supply voltage -0.3 25
Vio Low side output voltage -0.3 Vee +0.3 v
VIN Logic input voltage (HIN & LIN - IR2181/IR21814) Vss - 0.3 Vee +0.3
Vss Logic ground (IR21814 only) Vee -25 Vcc + 0.3
dVg/dt Allowable offset supply voltage transient — 50 V/ns
Pbp Package power dissipation @ Ta <+25°C (8 lead PDIP) — 1.0
(8 lead SOIC) — 0.625
(14 lead PDIP) — 16 w
(14 lead SOIC) — 1.0
Rthya Thermal resistance, junction to ambient (8 lead PDIP) — 125
(8 lead SOIC) — 200 /W
(14 lead PDIP) — 75
(14 lead SOIC) — 120
Ty Junction temperature —_ 150
Ts Storage temperature -50 150 °C
TL Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions

The Input/Output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The Vg and Vgg offset rating are tested with all supplies biased at 15V differential.

Symbol Definition Min. Max. Units

VB High side floating supply absolute voltage Vg +10 Vg + 20

Vs High side floating supply offset voltage Note 1 600
VHo High side floating output voltage Vs VB
Vce Low side and logic fixed supply voltage 10 20 v
Vio Low side output voltage 0 Vce

VIN Logic input voltage (HIN & LIN - IR2181/IR21814) Vss Vece

Vss Logic ground (IR21814/IR21824 only) -5 5

Ta Ambient temperature -40 125 °C

Note 1: Logic operational for Vg of -5 to +600V. Logic state held for Vg of -5V to -Vgs.
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Dynamic Electrical Characteristics
Veias (Vce, VBs) = 15V, Vgg = COM, C = 1000 pF, Ta = 25°C.

IR2181/IR21814

Symbol Definition Min. | Typ. | Max. | Units| Test Conditions
ton Turn-on propagation delay — 180 270 Vg =0V
toff Turn-off propagation delay — 170 250 Vs =0V or 600V
MT Delay matching, HS & LS turn-on/off —_ 0 50 | nsec
tr Turn-on rise time — 40 60 Vg =0V
tf Turn-off fall time — 20 30 Vg =0V

Static Electrical Characteristics
Veias (Vcc, VBs) = 15V, Vss = COM and Ta = 25°C unless otherwise specified. The V|, Vi4 and I|N parameters are__
referenced to Vgs/COM and are applicable to the respective input leads: HIN and LIN (IR2181/IR21814) and HIN and LIN
(IR2182/IR21824). The VQ, lo and Ron parameters are referenced to COM and are applicable to the respective output

leads: HO and LO.

Symbol Definition Min. | Typ. | Max.| Units |Test Conditions
Vi Logic “1” input voltage (IR2181/IR21814 ) 27 — —_ Vce = 10V to 20V
ViL Logic “0” input voltage (IR2181/IR21814) — — 0.8 Vv Vce = 10V to 20V
VoH High level output voltage, Vgias - Vo -_ — 1.2 lo=0A
VoL Low level output voltage, Vo —_ — 0.1 lo=0A
ILk Offset supply leakage current — — 50 VB = Vg = 600V
loBs Quiescent Vg supply current 20 60 150 VIN =0V or 5V
lacc Quiescent Ve supply current 50 120 | 240 HA ViN=0V or 5V
IIN+ Logic “1” input bias current —_ 20 40 Vin =5V (IR2181(4))
lIN- Logic “0” input bias current — — 1.0 VN =0V (IR2181(4))

Vccuv+ | Vec and Vs supply undervoltage positive going 8.0 8.9 9.8
Vesuv+ | threshold
Vceuv- Vcc and Vs supply undervoltage negative going 7.4 8.2 9.0 v
VBsuv- threshold
VccuvH | Hysteresis 0.3 0.7 —_
VBSUVH
lo+ Output high short circuit pulsed current 1.7 2 — Vo=0V,
A PW<10us
lo- Output low short circuit pulsed current 1.7 2 — Vo =15V,
PW <10 us

www.irf.com

249



IR2181/IR21814

Functional Block Diagram

International
TGR Rectifier
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1 * VB
2181 oo )
R HO
PULSE R Q
iy FILTER 5
VSSICOM )\ SHIFTER
HIN e ] PULSE —Q:?:l I vs
SHIFT
GENERATOR
vce
uv
DETECT Lo
VSS/COM J7 =
LIN i1 LEVEL DELAY
SHIFT ¢ o COM
- - ~
-~ ' VB
21814 pevecT 1,
R HO
PULSE R Q
FILTER s
VSS/COM T
HIN b SEr ] _puise vs
GENERATOR
vcC
w
DETECT Lo
VSSICOM ‘L
LIN I LEVEL DELAY i
SHIFT COM
VSS .——l
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Lead Definitions

IR2181/IR21814

Symbol | Description
HIN Logic input for high side gate driver output (HO), in phase (IR2181/IR21814)
LIN Logic input for low side gate driver output (LO), in phase (IR2181/IR21814)
VSS Logic Ground (IR21814 only)
\':) High side floating supply
HO High side gate drive output
Vs High side floating supply return
Vce Low side and logic fixed supply
LO Low side gate drive output
COM Low side return

Lead Assignments

HIN ~ ve | 8] HIN ~ Ve | 8]
LIN HO | 7] LIN HO
CoM Vs [ 6| coMm Vs [ 6]
LO Vee | 5 Lo Vee [5]
8 Lead PDIP 8 Lead SOIC
IR2181 IR2181S
] e
[2] un vg [13] [2] N v [13]
[3] vss Ho [ 12 | [3] vss HO [ 12 |
[ Vs [11] [ vs [11]
=1 con o (=] con o]
o o o o] o 5
7 | Vec | 6 ] [7] vec [ & ]
14 Lead PDIP 14 Lead SOIC
IR21814 IR21814S
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