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VNH5250AS-E

Automotive fully integrated H-bridge motor driver

SO-16N

GAPGCFT00648

Features
Type Rbs(on) lout | Veemax
VNH5250AS-E 250mQyp | g 4y
(per leg)

Output current: 8 A

3 V CMOS-compatible inputs
Undervoltage shutdown

Overvoltage clamp

Thermal shutdown

Cross-conduction protection

Current and power limitation

Very low standby power consumption

Protection against loss of ground and loss of
Vee

Current sense output proportional to motor
current

Output protected against short to ground and
short to Ve

Package: ECOPACK®

Datasheet - target specification

Description

The VNH5250AS-E is a full bridge motor driver
intended for a wide range of automotive
applications. The device incorporates a dual
monolithic high-side driver and two low-side
switches.

Both switches are designed using
STMicroelectronics’ well known and proven
proprietary VIPower® MO technology that allows
to efficiently integrate on the same die a true
Power MOSFET with an intelligent
signal/protection circuitry. The three dies are
assembled in SO-16N package on electrically
isolated leadframes. This package, specifically
designed for the harsh automotive environment
offers improved thermal performance thanks to
exposed die pads. Moreover, its fully symmetrical
mechanical design allows superior
manufacturability at board level. The input signals
IN, and INg can directly interface to the
microcontroller to select the motor direction and
the brake condition. The DIAGA/ENy or
DIAGR/ENg, when connected to an external pull-
up resistor, enables one leg of the bridge. Each
DIAGA/EN provides a feedback digital diagnostic
signal as well. The normal operating condition is
explained in the truth table. The CS pin allows to
monitor the motor current by delivering a current
proportional to its value.

Table 1. Device summary

Order codes
Package
Tube Tape and reel
SO-16N VNH5250AS-E VNH5250ASTR-E
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Block diagram and pin description

Figure 1. Block diagram
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Table 2. Block description
Name Description

Logic control

Allows the turn-on and the turn-off of the high-side and the
low-side switches according to the truth table.

Undervoltage

Shuts down the device for battery voltage lower than 5 V.

High-side and low-side clamp voltage

Protect the high-side and the low-side switches from the
high voltage on the battery line.

High-side and low-side driver

Drive the gate of the concerned switch to allow a proper
Rps(on) for the leg of the bridge.

Current limitation

Limits the motor current in case of short circuit.

High-side and low-side overtemperature
protection

In case of short-circuit with the increase of the junction
temperature, it shuts down the concerned driver to prevent
degradation and to protect the die.

Low-side overload detector

Detects when low-side current exceeds shutdown current
and latches off the concerned low-side.

DoclD025102 Rev 2
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Table 2. Block description (continued)

Name Description
Signalizes the abnormal behavior of the switch (output
Fault detection shorted to ground or output shorted to battery) by pulling
down the concerned ENx/DIAGX pin.
S Limits the power dissipation of the high-side driver inside
Power limitation : o
safe range in case of short to ground condition.
Figure 2. Configuration diagram (top view)
GNDp 1 16— GNDp
OoUT,C]2 1510UT,
INAC3 14 ENA
— -
Vec— 4 SO-16N 131 Cs
Vec 6 121V
INC16 11 1 ENg
OUTg|7 10— O0UTg
GNDg[—8 9 [ GNDg
GAPGCFT00649
Table 3. Pin definitions and functions
Pin N° Symbol Function
1, 16 GNDp Source of low-side switch A
2,15 OUTx Source of high-side switch A / drain of low-side switch A
3 INp Clockwise input
4,5,12 Vee Power supply voltage
6 INg Counter clockwise input
7,10 OUTg Source of high-side switch B / drain of low-side switch B
8,9 GNDg Source of low-side switch B
1 ENg Status of high-side and low-side switches B
13 CS Output of current sense
14 ENp Status of high-side and low-side switches A
Table 4. Pin functions description
Name Description
Vee Battery connection.

GND Power ground.

OUT,
OUTg

Power connections to the motor.

3
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Block diagram and pin description
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Table 4. Pin functions description (continued)

Name Description
IN Voltage controlled input pins with hysteresis, CMOS-compatible. These two pins
INA control the state of the bridge in normal operation according to the truth table (brake to
B Ve, brake to GND, clockwise and counterclockwise).
Open drain bidirectional logic pins.These pins must be connected to an external pull
EN./DIAG, |UP resistor. When externally pulled low, they disable half-bridge A or B. In case of fault
A A . : . .
EN/DIAG detection (thermal shutdown of a high-side FET or excessive ON-state voltage drop
B B | across a low-side FET), these pins are pulled low by the device (see Table 13: Truth
table in fault conditions (detected on OUTA)).
Analog current sense output. This output delivers a current proportional to the motor
CS current. The information can be read back as an analog voltage across an external

resistor.
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2 Electrical specifications
Figure 3. Current and voltage conventions
Is
Jg Vee
IN Vee — louta
A OUT,
INg OUTg = loute Voura
DIAGA/ENp cs v
OuUTB
DIAGR/ENg
GND
IenD
Vina| Ving |Vena| VEnB
2.1 Absolute maximum ratings

Stressing the device above the rating listed in Table 5 may cause permanent damage to the
device. These are stress ratings only and operation of the device at these or any other
conditions above those indicated in the Operating sections of this specification is not

implied. Exposure to Absolute Maximum Rating conditions for extended periods may affect
device reliability.

Table 5. Absolute maximum ratings

Symbol Parameter Value Unit
Vee Supply voltage +40 \Y
Imax Maximum output current (continuous) Internally limited A

IR Reverse output current (continuous) -15 A

N Input current (IN5 and INg pins) +/- 10 mA

lEN Enable input current (DIAGA/ENp and DIAGR/ENg pins) +/- 10 mA
Vcs | Current sense maximum voltage Vec-40/+Vee \Y
Veso Electrostatic discharge 2 KV

(Human body model: R=1.5 kQ, C=100 pF)

Te Junction operating temperature -40 to 150 °C
Tste | Storage temperature -55to 150 °C
Icnp | DC reverse ground pin current 200 mA

8/18 DoclD025102 Rev 2 ‘ﬁ
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2.2

2.3

3

Thermal data

Table 6. Thermal data

Symbol Parameter Max. value Unit
Rihj-case | Thermal resistance junction-case (per leg) TBD °CIW
Rihj-amb Thermal resistance junction-ambient TBD °C/W

Electrical characteristics

Values specified in this section are for Vcc =9 V up to 18 V; -40°C < T; < 150°C, unless
otherwise specified.

Table 7. Power section

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vce | Operating supply voltage 5.5 18 \%
Off-state with all fault cleared and
ENx = 0 (standby)
INA = INg = 0; T} = 25°C; 36 | mA
VCC =13V
Off-state with all fault cleared and
ENx = 0 (standby)
Ig Supply current INg = INg = 0; Vee = 13 V; 10 HA
Tj=-40°Cto 150°C
Off-state (no standby)
INA=INg=0; ENx=5V; 5 mA
Tj=-40°Cto 150°C
On-state: INy or INg =5V 3 6 mA
lout= 2 A; Tj=-40°C mQ
lour= 2A; Tj=25°C 125 mQ
Ronns | Static high-side resistance
lour= 2 A; Tj=150°C mQ
lout= 2 A; T;=-40t0150°C 250 | mQ
IOUT = 2A; Tj =25°C 125 mQ
Ronws | Static low-side resistance
lout = 2 A; Tj=-40°C to 150°C 250 | mQ
High-side free-wheeling _ ST o
Vi | diode forward voltage loyr =-2A; Tj= 150°C 0.7 109 1V
T] = 2_5°C, VOUTX = ENX =0 V, 0 3 HA
| High-side off-state output | Vcc =13V
L(off) o — -0\
current (per channel) T= 1_25 C; Vourx = ENy=0V; 0 c oA
Vee =13V
Dynamic cross- _
'RM | conduction current lour=2.5A 0.6 A

DoclD025102 Rev 2
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Table 8. Logic inputs (INa, INg, ENp, ENg, PWM, CS_DIS)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Normal operation
Vi Input low level voltage (DIAGy/ENy pin acts as an 0.9 \%
input pin)
Normal operation
\m Input high level voltage (DIAGy/ENy pinactsasan | 2.1 \
input pin)
Normal operation
VinysT | Input hysteresis voltage (DIAGy/ENy pinactsasan | 0.15 \%
input pin)
In=1mA 5.5 6.3 7.5 \%
VicL Input clamp voltage
Iy =-1mA -1.0 | -0.7 | -0.3 \%
IinL Input current ViNn=0.9V 1 MA
lINH Input current ViN=2.1V 10 HA
Fault operation
Vpiac Enable output low level (DIAGy/ENy pin acts as an 0.4 \Y
voltage L _
output pin); lgpy = 1 MA
Table 9. SWItChIng (VCC =13V, RLOAD =6.5 Q)
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit

Input rise time < 1pus

taon) Turn-on delay time (see Figure 4) 50 us
. Input rise time < 1us

ta(ofn Turn-off delay time (sge Figure 4) H 120 Hs

t, Rise time 1 ps

t Fall time 40 ps

Delay time during change

toEL of operating mode 200 | 400 | 1600 | us
High-side free wheeling
tey diode reverse recovery 400 ns
time

3
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Electrical specifications

Table 10. Protections and diagnostics

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vysb Undervoltage shutdown 3 5 \%
Undervoltage shutdown
Vusphyst hysteresis 0.5 v
ILim_H High-side current limitation 8 12 16 A
Isp Ls |Shutdown LS current 8 15 20 A
High-side clamp voltage (V¢ to _
VeLpH OUT, = 0 or OUTg = 0) loutr= 2A 41 46 52 Y
Low-side clamp voltage
VelpLs (OUTA =Vgcor lout = 2A 41 46 52 \%
OUTB =Vccto GND)
Trsp Thermal shutdown temperature | V|y=2.1V 150 | 175 | 200 °C
TR Thermal reset temperature 135 °C
Thyst | Thermal hysteresis (Tgp - TR) 7 °C
Low-side thermal shutdown _ o
Trsp Ls temperature V=21V 150 | 175 | 200 C
Velp Total clamp voltage (Vccto GND) |lgyt=2 A 41 46 52 \Y
tsp s | Time to shutdown for the low-side 10 Hs
Table 11. Current sense (9 V < Ve <18V)
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
IOUT =0.075 A; VSENSE =05 V; _ o
Ko  |lout/lsense T, = -40°C to 150°C 38 38 | %
IOUT =0.25 A; VSENSE =0.5 V; _ o
Ky lout/lsense T,= -40°C to 150°C 27 27 | %
lour =2 A; Veense =1V, ) 0
Kz |lout/lsense T,= -40°C to 150°C 8 8 %
louTr =8 A; Vsense =4V, i o
Ks lout/lsense T, = -40°C to 150°C 6 6 %
(1) |Analog sense lout = 0.075 A; Vgense = 0.5V, i o
dKo/Ko™ | current drift Tj=-40°C to 150°C 18 18 1 %
) |Analog sense lout=0.25 A; Vgense = 0.5V, i o
dKo K™ current drift Tj=-40°C to 150°C 12 121 %
(1) |Analog sense louT=2A; Vgense =1 V5 i o
k2K current drift Tj=-40°C to 150°C 8 8 &
(1) |Analog sense lout =8 A; Vgense =4V, i o
dKa/Ka™ | current drift Tj=-40°C to 150°C 5 5 %
Max analog sense
Vsense output voltgge lout =2 A; Rsense = 2 KQ 5 v
Kkys DoclD025102 Rev 2 11/18
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VNH5250AS-E

Table 11. Current sense (9 V < V¢ < 18 V) (continued)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
lout=0A; Veense =0 Vi VN =0V,
T; = -40°C t0 150°C 0 5 | KA
Analog sense P S
IsensEo leakage current ViN=5V, TJ =-40°C t0.150°C 0 MA
V|N =5 V, IOUT =25 A,
Tj = -40°C 10150°C 0 5| kA

1. Analog sense current drift is deviation of factor K for a given device over (-40 °C to 150 °C and
9V < V¢ < 18 V) with respect to its value measured at Ty = 25 °C, Vo = 13 V.

Figure 4. Definition of the high-side switching times
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Electrical specifications

Note:

)

Table 12. Truth table in normal operating conditions

INp | INg | DIAGA/EN, | DIAGR/ENg | OUT, | OUTR Cs Operating mode
1 H [High Imp. Brake to Ve
1 H
0 L ; Clockwise (CW)
1 Isense = lout/K
1 H Counterclockwise (CCW)
0 L
0 L High Imp. Brake to GND
Table 13. Truth table in fault conditions (detected on OUT,)
INp INg D|AGA/ENA D|AGB/ENB OUTA OUTB CS (Vegp=0V)
1 H
1 High Imp.
0 L
1
1 0 OPEN H louTe/K
0
0 L
High Imp.
X X 0 OPEN
Fault Information Protection Action

In normal operating conditions the DIAGy/ENy pin is considered as an input pin by the
device. This pin must be externally pulled high.

DoclD025102 Rev 2

13/18




Electrical specifications

VNH5250AS-E

Table 14. Electrical transient requirements (part 1)

SOyt | Teseves | mmberat] Hpitontime. | Delays and
Test pulse m v test times Min Max Impedance
1 -75V -100V 5000 pulses 0.5s 5s 2 ms, 10Q
2a +37V +50V 5000 pulses 0.2s 5s 50us, 2Q
3a -100V -150V 1h 90ms 100ms 0.1us, 50Q
3b +75V +100V 1h 90ms 100ms 0.1us, 50Q
4 -6V -7V 1 pulse 100ms, 0.01Q
5b(@ +65V +87V 1 pulse 400ms, 2Q
1. The above test levels must be considered referred to V¢ = 13.5 V except for pulse 5b.
2. Valid in case of external load dump clamp: 40V maximum referred to ground.
Table 15. Electrical transient requirements (part 2)
ISO 7637-2: Test level results®
2004(E)
Test pulse n v
1 C C
2a C C
3a C C
3b C C
4 C C
5b® C C
1. The above test levels must be considered referred to V¢ = 13.5 V except for pulse 5b.
2. Valid in case of external load dump clamp: 40V maximum referred to ground.
Table 16. Electrical transient requirements (part 3)
Class Contents
C All functions of the device are performed as designed after exposure to disturbance.

One or more functions of the device are not performed as designed after exposure to
disturbance and cannot be returned to proper operation without replacing the device.

14/18 DoclD025102 Rev 2
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Package and packing information

3 Package and packing information

3.1 ECOPACK®

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.

ECOPACK® is an ST trademark.

3.2 SO-16N mechanical data

Figure 5. SO-16N package dimensions
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Table 17. SO-16N mechanical data

Millimeters
Symbol
Min. Typ. Max.
A 1.75
Al 0.10 0.25
A2 1.25
b 0.31 0.51
c 0.17 0.25
D 9.80 9.90 10.00
E 5.80 6.00 6.20
E1l 3.80 3.90 4.00
e 1.27
h 0.25 0.50
L 0.40 1.27
k 0 8
ccc 1.10
16/18 DoclD025102 Rev 2 ‘ﬁ
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Revision history

Table 18. Document revision history

Date Revision Changes
05-Aug-2013 1 Initial release.
16-Sep-2013 2 Updated disclaimer.
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Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries (“ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and services described herein at any
time, without notice.

All ST products are sold pursuant to ST's terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and services described herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. If any part of this
document refers to any third party products or services it shall not be deemed a license grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property contained therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

ST PRODUCTS ARE NOT DESIGNED OR AUTHORIZED FOR USE IN: (A) SAFETY CRITICAL APPLICATIONS SUCH AS LIFE
SUPPORTING, ACTIVE IMPLANTED DEVICES OR SYSTEMS WITH PRODUCT FUNCTIONAL SAFETY REQUIREMENTS; (B)
AERONAUTIC APPLICATIONS; (C) AUTOMOTIVE APPLICATIONS OR ENVIRONMENTS, AND/OR (D) AEROSPACE APPLICATIONS
OR ENVIRONMENTS. WHERE ST PRODUCTS ARE NOT DESIGNED FOR SUCH USE, THE PURCHASER SHALL USE PRODUCTS AT
PURCHASER'S SOLE RISK, EVEN IF ST HAS BEEN INFORMED IN WRITING OF SUCH USAGE, UNLESS A PRODUCT IS
EXPRESSLY DESIGNATED BY ST AS BEING INTENDED FOR “AUTOMOTIVE, AUTOMOTIVE SAFETY OR MEDICAL” INDUSTRY
DOMAINS ACCORDING TO ST PRODUCT DESIGN SPECIFICATIONS. PRODUCTS FORMALLY ESCC, QML OR JAN QUALIFIED ARE
DEEMED SUITABLE FOR USE IN AEROSPACE BY THE CORRESPONDING GOVERNMENTAL AGENCY.

Resale of ST products with provisions different from the statements and/or technical features set forth in this document shall immediately void
any warranty granted by ST for the ST product or service described herein and shall not create or extend in any manner whatsoever, any
liability of ST.

ST and the ST logo are trademarks or registered trademarks of ST in various countries.
Information in this document supersedes and replaces all information previously supplied.
The ST logo is a registered trademark of STMicroelectronics. All other names are the property of their respective owners.

© 2013 STMicroelectronics - All rights reserved

STMicroelectronics group of companies

Australia - Belgium - Brazil - Canada - China - Czech Republic - Finland - France - Germany - Hong Kong - India - Israel - Italy - Japan -
Malaysia - Malta - Morocco - Philippines - Singapore - Spain - Sweden - Switzerland - United Kingdom - United States of America

www.st.com

18/18 DocID025102 Rev 2 ‘Yl




