Data sheet N° 60291 C

International
TSR Rectitier IPS7091(G)(S)PbF
INTELLIGENT POWER HIGH SIDE SWITCH

Features Product Summary

e  Over temperature shutdown (with auto-restart)

e  Short circuit protection (current limit

L aeive clampp ( ) Rds(on)  120mq max.
e Open load detection Vclamp 70V

e Logic ground isolated from power ground | Limit 5A (typ_)

e ESD protection Open load 3V

e Ground loss protection

e  Status feedback

Description Package
The IPS7091(G)(S)PbF is a five terminal Intelligent Power

Switch (IPS) with built in short circuit, over-temperature, .

ESD protection, inductive load capability and diagnostic @ .

feedback. The output current is limited at Ilim value. NN Q\ :
\'\

Current limitation is activated until the thermal protection \\;& Q\
acts. The over-temperature protection turns off the device
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.

TO220 D2-Pak SO-8
IPS7091PbF  IPS7091SPbF IPS7091GPbF

Typical Connection

+5V +Bat

Pull-up resistor for Open
Load Off detection

V Diag

Input Signal
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International IPS7091(G)(S)PbF

TSR Rectifier

Absolute Maximum Ratings

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

Symbol Parameter Min. | Max. | Units

Vout Maximum output voltage Vce-65 |Vee+0.3

Voffset Maximum logic ground to load ground offset Vce-65 |Vee+0.3

Vin Maximum input voltage -0.3 5.5 \%

\/cc max. Maximum Vcc voltage — 65

\cc cont. Maximum continuous Vcc voltage — 35

lin max. Maximum IN current -1 10 mA

Idg max. Maximum diagnostic output current -1 10

Vdg Maximum diagnostic output voltage -0.3 5.5 V

Pd Maximum power dissipation (internally limited by thermal protection) o 1.5 W

Rth=100°C/W )

Isd cont. Maximum continuous diode current (Rth=100°C/W) — 1.8 A

ESD1 Electrostatic discharge voltage (Human body) 100pF, 1500Q — 4 o

ESD2 Electrostatic discharge voltage (Machine Model) C=200pF,R=0Q,L=10uH — 0.5

Tj max. Max. storage & operating temperature junction temperature -40 +150 °C
Thermal Characteristics

Symbol Parameter Typ. | Max. | Units

Rthl Thermal resistance junction to ambient SO8 std. footprint 100 —

Rthl Thermal resistance junction to ambient TO220 free air 60 —

Rthl Thermal resistance junction to ambient D2Pak std. footprint 60 — °C/W

Rth2 Thermal resistance junction to ambient D2Pak 1” sqrt. footprint 40 —

Rth3 Thermal resistance junction to case D2pak/T0O220 4 —

Recommended Operating Conditions

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

Symbol Parameter Min. | Max. | Units
VIH High level input voltage 4 5.5

VIL Low level input voltage -0.3 0.9

lout Continuous drain current, Tamb=85°C, Tj=125°C, Vin=5V, Rth=100°C/W — 1.5 A
Rin Recommended resistor in series with IN pin 10 20

Rdgs Recommended resistor in series with DG pin 10 20 ko
Rol Recommended pull-up resistor for open load detection 5 100
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International
TSR Rectifier

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

IPS7091(G)(S)PbF

Symbol Parameter Min. | Typ. | Max. | Units | Test Conditions
ON state resistance Tj=25°C — 80 120 Vin=5V, lout=2A
Rds(on) ON state resistance Tj=150°C — 150 230 mQ Vin=5V, lout=2A
ON state resistance Tj=25°C, Vcc=6.5V — 90 130 Vin=5V, lout=2A

Vcc op. Operating voltage range 6 — 35

V clamp 1 Vcc to Out clamp voltage 1 65 70 — Vv lout=30mA (see Fig. 1)

V clamp 2 Vcc to Out clamp voltage 2 — 70 75 lout=1A (see Fig. 1)

VFf Body diode forward voltage — 1 1.35 lout= 2.5A

Icc Off Supply current when Off — 2.5 10 A Vin=0V, Vout=0V

Icc On Supply current when On — 2.5 3.5 mA Vin=5V

lout@0oVv Output leakage current — — 10 Vout=0V

lout@6Vv Output leakage current — 20 — HA Vout=6V

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

Vdgl Low level diagnostic output voltage — 0.2 0.3 Idg=1.6mA

Vih Input high threshold voltage — 2.5 3.5

Vil Input low threshold voltage 1 2 —

In hys Input hysteresis 0.15 0.4 1 \%

UV high Under voltage high threshold voltage — 5 5.9

UV low Under voltage low threshold voltage 3.4 4.5 —

UV hys Undervoltage hysteresis 0.1 0.8 15

lin On Input current when device is On — 40 80 HA Vin=5V
Switching Electrical Characteristics
Vce=14V, Resistive load=140Q, Vin=5V, Tj=25°C

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

Tdon Turn-on delay time — 12 35

Trl Rise time to Vout=Vcc-5V — 7 40 Hs

Tr2 Rise time to Vout=0.9 x Vcc — 14 50

dVv/dt (On) Turn On dV/dt — 0.95 3.5 V/us

EOn Turn On energy — 250 — pJ See Fig. 3

Tdoff Turn-off delay time — 20 45

Tf Fall time to Vout=0.1 x Vcc — 6 25 HS

dv/dt (Off) Turn Off dV/dt — 1.8 5.5 V/us

EOff Turn Off energy — 20 — pJ

Tdiag Vout to Vdiag propagation delay — 15 — ys See Fig. 4 and Fig. 12
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International IPS7091(G)(S)PbF

TSR Rectifier

Protection Characteristics

Symbol Parameter Min. | Typ. | Max. | Units | Test Conditions
Ilim Internal current limit 2 5 8 A Vout=0V
Tsd+ Over temperature high threshold 150" | 165 — . .
C See Fig. 2
Tsd- Over temperature low threshold — 158 —
Vsc Short-circuit detection voltage © 2 3 4 v
Vopen load |Open load detection threshold 2 3

Y Guaranteed by design
@ Reference to Vcc

Truth Table
Operating Conditions IN ouT DG pin
Normal H H H
Normal L L L
Open Load H H H
Open Load ¥ L H H
Short circuit to Gnd H L (limiting) L
Short circuit to Gnd L L L
Over-temperature H L (cycling) L
Over-temperature L L L

® With a pull-up resistor connected between the output and Vcc.

Lead Assignments

3- Vce
3- Vce

1- Gnd 1- Gnd

2-1In 2-In

3-DG 3-Vce

4- Out 4- Dg

5-6-7-8 Vcc 5- Out
1234 12345
SO8 D2Pak

12345
TO220
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International
TSR Rectifier

Functional Block Diagram
All values are typical
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TSR Rectifier

T clamp

Vin

Ids

Vds clamp

Vds

Vee

See Application Notes to evaluate power dissipation

Figure 1 — Active clamp waveforms

Td on Td off

Tr2

Trl
Vds \

Tf

Figure 3 — Switching times definition
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|

lout
/

limiting

Thermal cycling

Ilim

Ti 4

Tsd+
Tsd-

Figure 2 — Protection timing diagram

Vin

Vout

Vee

Vee - Vsc

Vol

Vdg

Blanking
Diag ON

Tdiag _3f |

Blanking
Diag OFF

Figure 4 — Diagnostic delay definition
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International IPS7091(G)(S)PbF

IR Rectifier
10
[ - \
Dg Vce = N
Vclamp = \
In Gnd Out % 1 N
A A + s
@ E \
sv | - 3 N
@ vin Vout = N
ov Rem : R o
During active
clamp,
Vload is lout 0.1
negative '
1E+2 1E+3 1E+4 1E+5 1E+6
Load inductance (uH)
Figure 5 — Active clamp test circuit Figure 6 — Max. Output current (A) Vs Load
inductance (uH)
5 100.0
) 4 &\)’
< 3]
% _(E 100 |
£ 3 @
3 2 /
:, : /
>
] S |
c \ : Il
& 1 s /
£
0 = o1 ‘ ‘ ‘
-50 0 50 100 150 N 0.0001 0.001 0.01 0.1 1 10 100
Tamb, Ambient temperature (°C) Time (s)
Figure 7 — Max. ouput current (A) Figure 8 — Transient thermal impedance (°C/W)
Vs Ambient temperature (°C) Rth=100°C/W Vs time (s)
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IGR Rectifier
7 500
6 _
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A g = = = Eoff
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LU - L]
1 - - =
g / - T
0 1} 0 - - —
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Tj, junction temperature (°C) lout, Output current (A)
Figure 9 —I limit (A) Figure 10 — Switching energy (uJ)
Vs junction temperature (°C) Vs Output current (A)
200% 60
[}
2 - -
8 50 —=
0 - o
0 -
) e = - -
X  150% _ 40 == = = = Tdiag on —
c [)]
Cs / S Tdiagoff
39 / ) o
S N g 30
2 d =
é o 100% 2 20
= v E
g i / o
a} » 10
=
o
% 50% L—1——— — 0 ‘
& 50 0 50 100 150 0 1 2 3
Tj, junction temperature (°C) Output current (A)
Figure 12 — Diagnosis Blanking time (us)
Figure 11 - Normalized Rds(on) (%) Vs Tj (°C) Vs Output current (A)
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IR Rectifier
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Vcc, power supply voltage (V)

Figure 13 —Icc on/ Icc off (MA) Vs Vcc (V)
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TSR Rectifier

Case outline - TO220

SEATING
LA, ]
A ] %‘—|

r—u& o —1 - A1

+ 3 [#lo1«@[e]Am]

10
BB

e T

L1
1
L

THERMAL
m
® /
3 DIMENSIONS N
I M
'I_ /__Ji. /': g MILLIMETERS INCHES E
o ____1-_3_ { L[ oum MAX || MM MAY.
| \.i A 156 w8 || 40 190
I LN M| o5l 140 || .oz0 55
! A | 203 282 || 080 5
i bo| 04 0B || 025 035
i b1 | DB nes || 025 o33 |5
: c | o3 0Bl || .on4 e
1 e | 03 056 || .o o2 | s
5 & 3 2 1 0| um 1851 || 560 £50 |4
il i i 0| B8 a0z || 380 355
il i i D2 | 168 1288 || 480 507 |7
il [i i e A E| 985 1067 || 380 AN |47
i T 1 B | 688 ag || 270 30 |7
ail I E2 - 0.78 - o3| 8
1" ! # 1.70 BSC {057 BSC
: : ! Hi [ 5B B8 || 230 770 |7
fil i : L| 1z 1473 (| 500 580
il i i ® | 15 || am 147
g 0| 23 308 || .100 120
SECTION A=A

1= DIMENSIOMING AND TOLERANCING AS PER ASME Y145 M- 1394,

2- DIMENSONS ARE SHOWN IN INCHES [MILLWETERS)

1- LEAD DMENSION AMD FMISH UKCONTROLLED M L1

4- DIMENSION D, D1 & E DO NOT INCLUDE MOLD FLASH. MOLD FLASH
SHALL MOT EXCEED (005" (0.127) PER SOE. TMESE DMENSIONS ARE
MEASURED AT THE OUTERMOST EXTREMES OF THE PLASTIC BODY.

é DIMENSION b1 & €1 APPLY TO BASE METAL CMLY.

8- CONTROLLNG DIMENSION : INCHES.

7.~ THERMAL PAD CONTOUR OPTIONAL WTHIN DMENSIONS EH1D2 & EI

B~ DIMENSION E2 X HI DEFINE A ZONE WHERE STAMPING
AND' SINGULATION IRREGULARITIES ARE ALLOWED.

8- mlmmmm—mumtu[m)nuum)
WHERE OMENSIONS ARE DERIVED FROM THE ACTUAL PACKAGE DUTLINE.

0= LEADS AND DRAM ARE PLATED WTH 100X Sn
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TSR Rectifier

Case outline — D2Pak

GAUGE i

PLANE

o—-a°

‘L—i_' l m‘mc PLANE
5

NOTES:
L4 1. DMENSIONMING AND TOLERANCING AS PER ASME Y14.5M-1994
- 2. DIMENSIONS ARE SHOWW M MILUMETERS [INCHES)
DETAI  "A"
ROTATED 80° CW &uumw D & E DD NDT INCLUDE MOLD FLASH, MOLD FLASH SHALL NOT EXCEED
0,127 [.005) PER SIDE. THESE DIMENSIONS ARE MEASURED AT THE OUTWOST
SCALE Bl EXTREMES OF THE FLASTIC EODY AT DATUM H.

&‘mm PAD CONTOUR DPTIONAL WITHIN DMENSION E, L1, B & EV.
Auusuw b1 AND e1 APFLY TO BASE METAL ONLY.

-‘[}
A
£ DATUM A & B TO BE DETERMINED AT DATUM PLANE H.
: - 7. CONTROLLING DIMENSION: INCH.
1 I | 8. OUTLNE CONFORMS. TO JEDEG OUTLINE TO-263BA.
o/ B LEADS AND DRAM ARE PLATED : 100% Sn
i 4 i i 5
T ! DIMENSIONS: N
0
| 8 | MILLMETERS INCHES 1
Lol owes [owas || wme max | s
1 & A | 408 | 483 || 180 | J%0
M| - |ossaf - | .00
MIEW A=A b | os | 090 || o020 | o030 | 4
b1 | o5 | o8 || .ceo | 035
[ o.3a8 0.74 il .0z
el o= 0.58 M5 023 4
| 144 | 165 || 045 | L0Es
(DATUM A). o | 83 | 285 || 330 | 380 | 3
%‘& A ] M| oems | - am | -
! "‘[“2 N £ | @65 | 1087 || 380 | 420 | 3
- ] - £t 822 | - 245 | -
x] N s
y ¢ | 170 BSC 067 BSC
\ H [ 1481 ] 1288 || 575 | 625
I%Hg 178 | 279 || 070 | 110
ul| - | 1es - | 88
0] PN DETAL A | - |ws | - | .o
1 & L3 | 029 Bsc 00 BSC
T 1K) L4 | 478 | 828 || 108 | 208
1 =
—= A
o
o o (@010 [AT[B)
PR | -
[7T.010( 8]
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Tape and reel — D?Pak

180 [L.083] _
1.50 [.059] 1.60 [.063]
;;g Hg'l3 i 1.50 [.059]
TRR 1
& & B ¢ & & G ¢ ¢ G
—_— 11.60 [.457]
} gg %g;g% 11.40 [.44g]
&
1]
5 b
10.90 [.429] 1.75 [.0EQ
FEED DIRECTION 10.70 [.427] % s %7049%
16.10 [.634]

# 360.00
[14.173]
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13.52 [.532]
12.80 [.504]

26.40 [1.038]
24.40 [ .967]

¥ 50.00
[2.362]
MIN.

1T

e

IPS7091(G)(S)PbF

0.368 [.0145]

i
{ L

15.42 [.608]
15.22 [.601]

24,30
23.90

[.957]
[.941]

* —

4.72 [166]
4,52 [178]

NOTES:
1. OUTUNE COMFORMS TO EI&A—4B1 & ElA-341.
2. DIMENSIONS ARE SHOWN N MILLIMETERS [INCHES]

01-3071 00/01-3072 00

12
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TSR Rectifier

Case Outline - SO-8

Dimensions are shown in millimeters (inches)

o | NCHES MILLIMETE RS

D »—[B] MN [ max | MmN | max
(5) Al .0682 [ 0688 | 186 |1.75

Al 0040 | .0098 | 0.10 [0.25

Al
+ il T o Ton o o o
|

< | 0075 [ 0098 | 019 | 0.25

©) H D |.189 | .1968 | 480 | 5.00
[€]0.25 (010 )| AD)] E | 1497 | .1574 | 3.80 | 4.00

1 2 3 4 e | 050 BASIC | 1.27 BASIC

H LH Etl H ] el | .025 BASIC 0.635 BASIC

H 2284 L2440 H.80 6.20

&EI_._l L f 0099 | .0196 [ 025 |0.50

016 020 0.40 1.2/

1,' U() 8(? Uﬂ 8(?
el K x 45°
~ e, e
! = P y £ \
siminimiyE R .f—J\J 1 n,_t
7 ]0.10 (004 L
I | I ¥ [£]0.10 (009 | [ .
(%025 (010) @ |C| A[B] (7)
— FCOTPRINT
1. DIMENSIONING &T CLERANCING PER ASME Y14.5M-1994. 8X 0.72 (028)
2. CONTROLLING DIMENSION: MILLIVETER f
3. DIMENSIONS ARE SHOWN IN MILLIVETERS (INCHES). T ,
I 5
4. OUTLINE CONFORMS TOJEDEC QUTLINE MS-012AA, ,
DIMENSION DOES NOT INCLUDE MOLD PRCT RUSIONS. | ]
MOLD PROTRUSIONS NOT TOEXCEED 0.15 (.004). 646(258) | i
(6} DIMENSION DOES NOT INCLUDE MCLD PRCT RUSIGS. ' - :
MOLD PROTRUSIONS NOT TOEXCEED 0.25 (.010). | |
(7] DIMENSION IS THE LENGTH CF LEAD FOR SOLDERINGTO
ASUBSTRATE. L [
3X 1.27 (.050) ——] 8X 1.78 (070
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Tape & Reel - SO-8

20 005 —=  aw—

+See Note 6
@1.5 +0.1/-0.0
+SegiNote1 — |e— 4.0
- A
0.30 005—)'-1:— !— 175
Y
RO3 MAX VPP Ef $-¢-9-9 A g
™ P PO IR izl ! 55 005
R $ . | | | | \ = See Mote 6 120 03
: . I
O ROST
ypical
e 1.5 MIN
SECTION A-A
- 80 —=
Notes: Ao = 6.4 mm - All Dimensions in Millimeters -

1. 10 sprocket hole pitch cumulative tolerance 0.2 -
2. Camber not to exceed 1mm in 100mm Eg i g? i
3. Material: Black Conductive Advantek Polystyrene B2 mm
4. Ao and Bo measured on a plane 0.3mm above the

bottorn of the pocket

5. Ko measured from a plane on the inside bottom of the

pocket to the top surface of the carrier

6. Pocket position relative to sprocket hole measured as

true position of pocket, not pocket hole

International

IGR Rectifier
IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105
Data and specifications subject to change without notice.

TO220 and D2PaK are MSL1 qualified. SO8 is MSL2 qualified.
This product has been designed and qualified for the Automotive [Q100] market. ~ 09/09/2008
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REVISION HISTORY

IPS7091G
Revision PD No. & Page _
No. Date Rev. Letter No. Description Reason of Change
all Add new package version :
TO220 / D2pak
1 60291_B

7 Add Rth=100°C/W figure 7 Information missing

2 09/09/08 60291_C
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