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VNH5019A-E

Automotive fully integrated
H-bridge motor driver

Features
Type Rps(on) lout Veemax
18 mQ typ
VNH5019A-E 30A 41V
(per leg)

m ECOPACK®: lead free and RoHS compliant

= Automotive Grade: compliance with AEC
guidelines

= Output current: 30 A

m 3V CMOS compatible inputs

= Undervoltage and overvoltage shutdown
m High-side and low-side thermal shutdown
m Cross-conduction protection

= Current limitation

= Very low standby power consumption

= PWM operation up to 20 khz

= Protection against:
— Loss of ground and loss of V¢

= Current sense output proportional to motor
current

= Charge pump output for reverse polarity
protection

= Output protected against short to ground and
short to Ve

Description

The VHN5019A-E is a full bridge motor driver
intended for a wide range of automotive
applications. The device incorporates a dual
monolithic high-side drivers and two low-side
switches. The high-side driver switch is designed
using STMicroelectronics’ well known and proven
proprietary VIPower® MO technology that allows
to efficiently integrate on the same die a true
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MultiPowerSO-30™

Power MOSFET with an intelligent
signal/protection circuit.

The three dice are assembled in
MultiPowerSO-30 package on electrically isolated
lead-frames. This package, specifically designed
for the harsh automotive environment offers
improved thermal performance thanks to exposed
die pads. The input signals IN, and INg can
directly interface to the microcontroller to select
the motor direction and the brake condition.

The DIAGA/EN, or DIAGR/ENg, when connected
to an external pull-up resistor, enable one leg of
the bridge. They also provide a feedback digital
diagnostic signal. The CS pin allows to monitor
the motor current by delivering a current
proportional to its value when CS_DIS pin is
driven low or left open. The PWM, up to 20 KHz,
lets us to control the speed of the motor in all
possible conditions. In all cases, a low-level state
on the PWM pin turns-off both the LS, and LSy
switches. When PWM rises to a high-level, LS, or
LSg turn-on again depending on the input pin
state.

Output current limitation and thermal shutdown
protects the concerned high-side in short to
ground condition.

The short to battery condition is revealed by the
overload detector or by thermal shutdown that
latches off the relevant low-side.

Active V¢ pin voltage clamp protects the device
against low energy spikes in all configurations for
the motor.

CP pin provides the necessary gate drive for an
external n-channel PowerMOS used for reverse
polarity protection.
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Block diagram and pin description

Figure 1. Block diagram
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Figure 2.

Configuration diagram (top view)

NC [ ]

INA ]
ENADIAG) [ ]
CsSDIs[
PWM [ ]

Cs ]
ENg/DIAGg [ ]
INg ]

CP [ |

Vear [ |

N.C.

OUT, il

Vee 1

Vee 1

OUTg 15/

OUT,
Heat Slug2

|
|

|

|

|

|

| VCC L
: Heat Slugl
|

|

|

|

|

|

OUTg
Heat Slug3

Table 1.

Suggested connections for unused and not connected pins

Connection / pin

Current sense

INPUTX, PWM
DIAGX/ENx
CS_DIS

N.C. OUTx

Floating

Not allowed X X X

To ground

Through 1 kQ resistor X

Through 10 kQ

Not allowed .
resistor

Table 2.

Pin definitions and functions

Pin Symbol

Function

OUT,,

1,25,30 Heat Slug2

Source of high-side switch A / drain of low-side switch A, power
connection to the motor

2,14,17, 22,

24,29 N.C.

Not connected

Vees

313,23 Heat Slugl

Drain of high-side switches and connection to the drain of the
external PowerMOS used for the reverse battery protection

12 Vear

Battery connection and connection to the source of the external
PowerMOS used for the reverse battery protection

5 ENA/DIAG,

Status of high-side and low-side switches A; open drain output.
This pin must be connected to an external pull-up resistor. When
externally pulled low, it disables half-bridge A. In case of fault
detection (thermal shutdown of a high-side FET or excessive
ON-state voltage drop across a low-side FET), this pin is pulled
low by the device (see Table 13: Truth table in fault conditions
(detected on OUTA))
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VNH5019A-E Block diagram and pin description
Table 2. Pin definitions and functions (continued)
Pin Symbol Function
6 Cs DIS Actlve high CMOS compatible pin to disable the current sense
pin
4 INp Clockwise input. CMOS compatible
7 PWM PWM input. CMOS compatible.
Output of current sense. This output delivers a current
proportional to the motor current, if CS_DIS is low or left open.
8 CS . .
The information can be read back as an analog voltage across
an external resistor.
Status of high-side and low-side switches B; Open drain output.
This pin must be connected to an external pull up resistor. When
externally pulled low, it disables half-bridge B. In case of fault
9 ENg/DIAGg | detection (thermal shutdown of a high-side FET or excessive
ON-state voltage drop across a low-side FET), this pin is pulled
low by the device (see Table 13: Truth table in fault conditions
(detected on OUTA).
10 INg Counter clockwise input. CMOS compatible
Connection to the gate of the external MOS used for the reverse
11 CP .
battery protection
OUTg Source of high-side switch B / drain of low-side switch B, power
15, 16, 21 g )
Heat Slug3 connection to the motor
26, 27, 28 GND4 Source of low-side switch A and power ground(l)
18, 19, 20 GNDg Source of low-side switch B and power ground(l)

1. GNDA and GNDB must be externally connected together

Table 3.  Block descriptions®

Name

Description

Logic control

Allows the turn-on and the turn-off of the high-side and the
low-side switches according to the Table 12.

Overvoltage + undervoltage

Shut down the device outside the range [4.5 V to 24 V] for the
battery voltage.

High-side, low-side and clamp
voltage

Protect the high-side and the low-side switches from the
high-voltage on the battery line in all configuration for the motor.

High-side and low-side driver

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

Linear current limiter

Limits the motor current, by reducing the high-side switch
gate-source voltage when short-circuit to ground occurs.

High-side and low-side
overtemperature protection

In case of short-circuit with the increase of the junction’s
temperature, it shuts down the concerned driver to prevent its
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.
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Table 3. Block descriptions(l) (continued)

Name

Description

Charge pump

PowerMOS used for the reverse polarity protection

Provides the voltage necessary to drive the gate of the external

Fault detection

Signalizes an abnormal condition of the switch (output
shorted to ground or output shorted to battery) by pulling
down the concerned ENx/DIAGx pin.

Power limitation

Limits the power dissipation of the high-side driver inside
safe range in case of short to ground condition.

1. See Figure 1
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2

2.1

Electrical specifications

Figure 3.  Current and voltage conventions
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LI Lr

ng LJ GND

JlGND

Vow

Absolute maximum ratings

Stressing the device above the rating listed in the “absolute maximum ratings” table 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. Refer also to the STMicroelectronics SURE
program and other relevant quality document.

Table 4. Absolute maximum rating

Symbol Parameter Value Unit

Vgar | Maximum battery voltage® 16 v

+41 \%

Vee Maximum bridge supply voltage +41 \%

Inax | Maximum output current (continuous) 30 A

IR Reverse output current (continuous) -30 A

N Input current (INy and INg pins) +/- 10 mA
IEN Enable input current (DIAGA/EN, and DIAGR/ENg pins) +/- 10 mA
lpw PWM input current +/- 10 mA
Icp CP output current +/- 10 mA
lcs_pis | CS_DIS input current +/- 10 mA

Doc ID 15701 Rev 9
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Electrical specifications VNH5019A-E

Table 4. Absolute maximum rating (continued)
Symbol Parameter Value Unit
. Vee-41 \Y
Vcs | Current sense maximum voltage ce
+Vee \Y
v Electrostatic discharge (human body model: R = 1.5 kQ, 2 KV
ESD | C =100 pF)
T Case operating temperature -40 to 150 °C
Tste | Storage temperature -55 10 150 °C

1. This applies with the n-channel MOSFET used for the reverse battery protection. Otherwise Vgt has to be
shorted to V.

2.2 Thermal data
Table 5. Thermal data
Symbol Parameter Max. value Unit
Thermal resistance junction-case HSD 1.7 °C/IW
Riti-case Thermal resistance junction-case LSD 3.2 °C/IW
Rihj-amb | Thermal resistance junction-ambient See Figure 18 °CIW

4
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Electrical specifications

2.3

Electrical characteristics

Values specified in this section are for 8 V <V <21V, -40 °C < Tj < 150 °C, unless

otherwise specified.

Table 6. Power section
Symbol Parameter Test conditions Min. Typ. Max. | Unit
Operating bridge suppl
Vee vo'cl’tage g bridge supply 5.5 24 | v
OFF-state with all fault cleared and ENx =0 V
(standby):
INo=INg=PWM =0; Tj=25 °C; Vcc =13V 10 15 PA
INA=INg=PWM =0 60 HA
Is Supply current OFF-state (no standby):
INA=INg=PWM =0; ENX=5V 6 mA
ON-state:
INp or INg =5V, no PWM 4 8 mA
INp or INg =5V, PWM = 20 kHz 8 mA
Static high-side lour =15 A Tj=25°C 12.0
RonHs : mQ
resistance lout =15 A; Tj=-40°Ct0o 150 °C 26.5
R Static low-side lout=15A; Tj=25°C 6.0 o
ONLS ;
resistance loutr=15A; Tj=- 40 °C to 150 °C 11.5
High-side _
\2 free-wheeling diode !l‘:___llssg’o c 0.6 0.8 \Y
forward voltage 1=
High-side OFF-state T] =25 °C; VOUTX = ENX =0V, VCC =13V 3
I offy |Output current (per R HA
Channe') T] =125 C, VOUTX = ENX =0 V, VCC =13V 5
Table 7. Logic inputs (INa, INg, ENp, ENg PWM, CS_DIS)
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Low-level input Normal operation (DIAGy/ENy pin
VL : ; 0.9 \Y,
voltage acts as an input pin)
High-level input Normal operation (DIAGy/ENy pin
V4 : . 2.1 \Y,
voltage acts as an input pin)
In. | Low-level input current | V=09V 1 MA
High-level input _
||NH current V|N =21V 10 HA
Input hysteresis Normal operation (DIAGy/ENy pin
ViHysT : ; 0.15 \Y,
voltage acts as an input pin)
'S7] Doc ID 15701 Rev 9 11/37




Electrical specifications VNH5019A-E
Table 7. Logic inputs (IN,, INg, EN5, ENg PWM, CS_DIS) (continued)
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
In=1mA 55 6.3 7.5
VicL |Input clamp voltage \Y
Iin =-1 mA -1.0 | -0.7 -0.3
Vv Enable low-level Fault operation (DIAGy/ENy pin 04 Vv
DIAG | gutput voltage acts as an output pin); lgy = 1 mA .
Table 8. SWItChlng (VCC =13V, RLOAD =0.87 Q, TJ =25 OC)
Symbol Parameter Test conditions Min | Typ | Max | Unit
f PWM frequency 0 20 kHz
o Input rise time < 1us
taon) HSD rise time (sge Figure 9) H 250 [VES
. Input rise time < 1us
ta(ofh) HSD fall time (sge Figure 9) H 250 ps
t, LSD rise time (see Figure 8) 1 2 ps
t LSD fall time (see Figure 8) 1 2 ps
Delay time during change of .
toEL operating mode (see Figure 7) 200 | 400 | 1600 | ps
ty High-side free wheeling (see Figure 10) 110 ns
diode reverse recovery time
Dynamic cross-conduction =
lrM y loyr =15 A 2 A
current (see Figure 10)
Table 9. Protection and diagnostic
Symbol Parameter Test conditions Min | Typ | Max | Unit
V¢ undervoltage
Vusd | shutdown 45155 1V
Ve undervoltage
Vusphyst | shutdown hysteresis 05 v
Vov V¢ overvoltage shutdown 24 27 30 \Y,
ILm_H High-side current limitation 30 50 70 A
Isp Ls |Low-side shutdown current 70 115 | 160 A
High-side clamp voltage
Verpns® | (Ve to OUT, =0 or lout =15 A 43 | 48 | 54 | V
OUTB = 0)
Low-side clamp voltage
Verprs® | (OUTA = Ve or louT =15 A 27 | 30 | 33 | V
OUTB =V to GND)
(2 | Thermal shutdown _ o
Trsp temperature ViN=21V 150 | 175 | 200 C
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VNH5019A-E Electrical specifications
Table 9. Protection and diagnostic (continued)
Symbol Parameter Test conditions Min | Typ | Max | Unit
Low-side thermal _ o
TTsD_LS | shutdown temperature Vin=0V 150 | 175 | 200 ¢
TTR(3) Thermal reset temperature 135 °C
Thyst® | Thermal hysteresis 7 15 °C
The device is able to pass the ESD and ISO pulse requirements as specified in the Table 15.
T1sp is the minimum threshold temperature between HS and LS
Valid for both HSD and LSD
Table 10.  Current sense (8 V <Vgc<21V)
Symbol Parameter Test conditions Min Typ Max | Unit
lout =3 A, Vsense =05V,
Ko loutlsensE T2 40 °C to 150°C 4670 | 7110 | 10110
Analog current sense ratio lout=3A; Vgense = 0.5V, o
Koo | grife Tj=-40 °C to 150 °C 19 19 o
IOUT =8 A, VSENSE = 13V,
Ky lout/'sENSE T2 40 °C to 150°C 6060 | 7030 | 8330
Analog current sense ratio lout =8 A; Vgense = 1.3V, o
KL e T,=-40 °C to 150 °C 14 el
lOUT =15 A, VSENSE =24 V,
Ks lout/lsEnsE T,= - 40 °C to 150°C 6070 | 6990 | 7810
Analog current sense ratio lout =15 A; Vgense = 2.4 Y, o
dK2/K2 | it Tj=-40 °C to 150 °C 12 12 %
lout =25 A, Vsense =4V,
Ks lout/lsENSE T.= - 40 °C to 150°C 6000 | 6940 | 7650
Analog current sense ratio lout =25 A; Vgense =4 V, o
dKe/Ks | grife Tj=-40 °C to 150 °C 12 12 %
Max analog sense output _ _
VSENSE | yoltage lout = 15 A, Rsgnse = 1.1 kQ S v
lout =0A, Vsense =0V, Vesp =5V,
V|N =0 V, 0 5
| oa Tj=-40to 150°C
Isenseo | Analog sense leakage current HA
lout=0A, Vsense =0V, Vegp =0V,
ViN=5V, 0 100
Tj=-401t0 150°C
) Delay response time from Y'N - 5;/9\635’\(‘)?'? <4V.loyr=8A, 50 |ps
DSENSEH | f3]ling edge of CS_DIS pin éggi‘izg Figure 13)SENSEmaX
¢ Delay response time from Y'N - 5;/1\35/5’\(‘)?? <4V.lour=8A, 20 |ps
DSENSEL | rising edge of CS_DIS pin (?élgsfiEg Figure lS)SENSEmaX
1S7i Doc ID 15701 Rev 9 13/37
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Table 11. Charge pump
Symbol Parameter Test conditions Min Typ Max Unit
v Charge pump output |ENx=5V Veet S Vee +10 v
cP
voltage ENy=5V, Vee=45V 10.5
Charge pump standby _ _
IBAT current ENA = ENB =0V 200 nA

Waveforms and truth table

In normal operating conditions the DIAGy/ENy pin is considered as an input pin by the
device. This pin must be externally pulled-high
PWM pin usage: in all cases, a “0” on the PWM pin turns-off both LS, and LSg switches.
When PWM rises back to “1”, LS, or LSg turn-on again depending on the input pin state.

Table 12.  Truth table in normal operating conditions
INp INg | DIAGA/ENp | DIAGR/ENg | OUT, | OUTg | CS (Vegp=0V) | Operating mode
1 1 1 1 H H High imp. Brake to V¢
1 0 1 1 H L Isense = lout/K | Clockwise (CW)
0 1 1 1 L Ho | lsense = lour/K %’g&?rdocmise
0 0 1 1 L L High imp. Brake to GND
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VNH5019A-E Electrical specifications
Figure 4.  Typical application circuit for DC to 20 kHz PWM operation with reverse battery
protection (option A)
VBAT
[_Regsv | rov . Q‘T . 45V
— "lilo
? 3.3K o I 3.3K
K VBAT cP  [Vcc DIAGS/ENg I
® 1k <
DIAGA/ENA
1K
L
ucC
——{ 1K <
L C
.
33nF 15K
Note:
The external N-channel Power MOSFET used for the reverse battery protection should have the following characteristics:
- BVdss > 20 V (for a reverse battery of -16 V);
- Rpg(on) < 1/3 of H-bridge total Rpg(on)
- Standard Logic Gate Driving
'S7] Doc ID 15701 Rev 9 15/37
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VNHS5019A-E

Figure 5. Typical application circuit for DC to 20 kHz PWM operation with reverse battery
protection (option B)
Vcc
Reg 5V ey +5V
[
.ﬁ‘T 3.3K Vcc Vear CP I 3.3K
1K I DIAGB/ENBL
v
DIAGA/ENA
1K
—
PWM
uc
1K INA
Cs
10K c
33nF 1.5K
S. A4
100K % G ﬂ;
A4 A4 'j
P
Note:

The value of the blocking capacitor (C) depends on the application conditions and defines voltage and current ripple onto supply line at PWM
operation. Stored energy of the motor inductance may flyback into the blocking capacitor, if the bridge driver goes into 3-state. This causes a
hazardous overvoltage if the capacitor is not big enough. As basic orientation, 500 uF per 10 A load current is recommended.

Note:

16/37

Table 13.  Truth table in fault conditions (detected on OUT,)

INA INB D|AGA/ENA D|AGB/ENB OUTA OUTB CS (Vcsp=0V)
1 1 H High
0 L impedance
1
1 0 OPEN H louTe/K
0
0 L High
X X 0 OPEN impedance
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.

In case of a fault condition the DIAGy/ENy pin is considered as an output pin by the device.

4
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Figure 6.

The fault conditions are:

e overtemperature on one or both high-sides (for example, if a short to ground occurs as
it could be the case described in line 1 and 2 in the Table 14);

e Short to battery condition on the output (saturation detection on the low-side
Power MOSFET).
Possible origins of fault conditions may be:
e OUT, is shorted to ground. It follows that, high-side A is in overtemperature state.
e OUT, is shorted to V. It follow that, low-side Power MOSFET is in saturation state.

When a fault condition is detected, the user can know which power element is in fault by
monitoring the IN,, INg, DIAGA/EN, and DIAGg/ENg pins.

In any case, when a fault is detected, the faulty leg of the bridge is latched off. To turn-on the
respective output (OUTy) again, the input signal must rise from low-level to high-level.

Behavior in fault condition (how a fault can be cleared)

IN, J

&l

INg
i H
H |
| : : 2 i
DIAG, E (Dewt::e Latched: ‘/Dewce Unlatched i
EN, H 1 !
: ! - i
H | i
i i
i
| _Device Latchedi H
'
DIAGy T
ENg E '
) 1
: ] : : i
! OUT, shorted to ! ! After tpy from | QUT, $horted to}
l—o/ Ve £ aTWH L7 N
' ' ’ )
i '
Tout, O outy I 1 E
|
! g Fault Cleared
s k
i
FAULT, 4
(Internal Signal) [ y '
Fault Cleared ! ' '
a ) Shgrt to V. H : ¥
E ! - leoved H : E
FAULT, — : .
(intemal Signal) LT Y ! Normal | ShorttoGND g oo ! Normal
Stll:ly ( *)' Operation | Removed H Operation
Normal ! 1 H H
Operation e Short to Vce already present T :

Current is low for the cross current protection (tpg )

Note:

In case of the fault condition is not removed, the procedure for unlatching and sending the
device in Stby mode is:

- Clear the fault in the device (toggle: INA if ENA=0 or INB if ENB=0)
- Pull low all inputs, PWM and Diag/EN pins within tDEL.

If the Diag/En pins are already low, PWM=0, the fault can be cleared simply toggling the
input. The device enters in stby mode as soon as the fault is cleared.
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Table 14.  Electrical transient requirements (part 1)

ISO T/R Test level
7637/1
Test Pulse I Il ] v Delay and impedance

1 -25V -50V -75V -100 V 2ms, 10 Q
2 +25V +50 V +75V +100 V 0.2ms, 10 Q
3a -25V -50 vV -100 vV -150 vV 0.1 pus, 50 Q
3b +25V +50 V +75V +100 V 0.1 us, 50 Q
4 -4V S5V -6V -1V 100 ms, 0.01 Q
5 +26.5V +46.5V +66.5 V +86.5V 400 ms, 2 Q

Table 15.  Electrical transient requirements (part 2)

ISO T/R Test levels
7637/1
Test Pulse ' I I v
1 C C C C
2 C C C c
3a C C C Cc
3b C C C C
4 C C C C
5 C E E E
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
E exposure to disturbance and cannot be returned to proper operation without
replacing the device.

4
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2.5

Reverse battery protection

Against reverse battery condition the charge pump feature allows to use an external
N-channel MOSFET connected as shown in the typical application circuit (see Figure 4).

As alternative option, a N-channel MOSFET connected to GND pin can be used (see typical
application circuit in figure Figure 5).

With this configuration we recommend to short Vgar pin to V.

The device sustains no more than -30 A in reverse battery conditions because of the two
body diodes of the Power MOSFETSs. Additionally, in reverse battery condition the 1/0s of
VNH5019A-E is pulled-down to the V¢ line (approximately -1.5 V). Series resistor must be
inserted to limit the current sunk from the microcontroller l/Os. If Igyax IS the maximum
target reverse current through microcontroller I/Os, series resistor is:

Vios—Vee

R = I

Rmax

Figure 7.  Definition of the delay times measurement

d Vina,

VinB

PWM

L L LT L

ILoaD

tbEL

- (LR
Hl | L L

tbEL
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Figure 8.  Definition of the low-side switching times

PWM
t
' VouTa, B
: 90% 80% Va—
t \|20% 10%|/ t t
Figure 9. Definition of the high-side switching times
\V
INA td(on) td(oft
-
t
Vouta
90% |
10%)\
t
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Electrical specifications

Figure 10. Definition of dynamic cross conduction current during a PWM operation

PWM
IMoTor
VouTts ]
Icc
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Figure 11. Waveforms in full bridge operation (part 1)

NORMAL OPERATION (DIAGA/ENa=1, DIAGg/ENg=1)

LOAD CONNECTED BETWEEN OUT,, OUTy
DIAGA/EN,

DIAGR/ENg
INA

INg —
PWM g B m gl ‘
oUT, e rr ]

OUTg B ——

| -> ! -
OUTA">0UTB | B
Cs () :

IK_) 1
CS_D|S | DEL DEL
(*) CSBEHAVIOUR DURING PWM MODE DEPENDS ON PWM FREQUENCY AND DUTY CYCLE

NORMAL OPERATION (DIAGA/ENA=1, DIAGg/ENg=0 and DIAGA/EN=0, DIAGg/ENg=1)
LOAD CONNECTED BETWEEN OUT,, OUTg
DIAGA/EN, |

DIAGg/ENg \

IN ] 1
- [
INg

e s s ) s Y Y S S BN
PWM

OUT,
OUTg s I e

louTa>0UTB

cs
CS_DIS

CURRENT LIMITATION/THERMAL SHUTDOWN or OUT, SHORTED TO GROUND

INg 1

I e e B

ILim

3l o

|
|
|
|
louta->ouTs !
[ [ TTsD_HsA
- - — I~ = = = = — — — =
o | T~ TrrR_HsA
| | |
Tinsa Lo ! |
DIAGA/EN, — : 1 EE—
Lo |
DIAGR/ENg T \
I |
SR e
CS_DIS | : : :
- er limitatign
ifEon TS
normal operation OUT, shorted to ground normal operation
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Figure 12. Waveforms in full bridge operation (part 2)

OUT,
oUTg

loutaA->ouTB

Ti Lsa

DIAGR/ENg
DIAGA/ENA
cs

CS_DIS

INA
INg

OUT,
OUTg

louta->ouTB

ILsA

Tj Lsa
DIAGH/ENg

DIAGA/EN,
cs

OUT, shorted to V¢ (resistive short) and undervoltage shutdown

1
] 1
| 1 |
- - - — _
Sous_ L _ _ _ _ _ __._
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—
] V<nominal I

normal operation OUT, softly shorted to V¢ normal operation undervoltage shutdown

OUT, shorted to V¢ (pure short) and undervoltage shutdown

1
S 1
| 1 |
- _
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- —
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l
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normal operation OUT, hardly shorted to V¢ normal operation undervoltage shutdown
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Figure 13. Definition of delay response time of sense current

INPUT
CS_DIS

LOAD CURRENT __/

CURRENT SENSE
> “—
tpSENSEH tpsENSEL

| !

The VNH5019A-E can be used as a high power half-bridge driver achieving an
on- resistance per leg of 9.5 mQ. The figure below shows the suggested configuration:

Figure 14. Half-bridge configuration

N
INg
DIAGA/EN,
DIAGY/EN;
PWM

€S DIS
OUT,

[

GND,

|

,—{ -
%
Vee CP CP Ve INA
INg
DIAGA/EN,
DIAGR/ENg
PWM

CS.DIS
OUTg

VaaT Vpar

R

OUT,

oUT,

GND,  GNDg

GNDg

|

The VNH5019A-E can easily be designed in multi-motors driving applications such as seat
positioning systems where only one motor must be driven at a time. DIAGy/ENy pins allow
to put unused half-bridges in high-impedance. The figure below shows the suggested

configuration:

24/37
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Figure 15.

Multi-motors configuration

IN
ING
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Package and PCB thermal data VNH5019A-E

3 Package and PCB thermal data

3.1 MultiPowerSO-30 thermal data

S
Bee ol

Figure 16. MultiPowerS0O-30™ PC board

\\\%ﬂ(// )4

1T

Psod0

., \N

PsodD 4cmn2
| Psa3n Lem2

) Sl S <

Note:
Layout condition of Rth and Zth measurements (PCB FR4 area= 58 mm x 58 mm, PCB thickness=2 mm, Cu thickness=35 mm, Copper areas:
from minimum pad lay-out to 16 cmz).

Figure 17. Chipset configuration

CHIP 1
Rtha

RihaB # # Rthac

CHIP2 |Rygc| CHIP3
Ring [P Rthc

Figure 18. Auto and mutual Rynj.amp VS PCB copper area in open box free air
condition

50
45

—RthA
—— RthB =RthC

40 \ RthAB = RthAC
35 \\ RthBC

30 - \
25 A
20 A
15

0 2 4 c?n2 of Cu A?ea (refer 1’9 PCB Iayolu%)
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Package and PCB thermal data

3.1.1

steady-state mode

Thermal calculation in clockwise and anti-clockwise operation in

Table 17. Thermal calculation in clockwise and anti-clockwise operation in steady-state mode
Chip 1| Chip 2| Chip 3 Tjchip1 Tjchip2 Tjchip3
oN | oee | on | Pachipt * Riha+ Pachips * | Pachip1 * Rthas * Pdchips * Pdchip1 * Rihac * Pachips *
RthAC + Tamb RthBC + Tamb RthC + Tamb
ON oN | ofg | Pdchipt* Rtha + Pachip2 * | Pachip1 * Rthag + Pachip2 * Rihs | Pachip1 * Rthac + Pdchip2 *
RthAB + Tamb + Tamb RthBC + Tamb
ON OFF | OFF Pdchipt * Rthat Tamb Pdchip1 * Rthag * Tamb Pdchipt * Rthac * Tamb
ON | ON on | Pdenip1 * Rina * (Pachipz2 + | PdAChip2 « Ring + Pychipy * Pdchip1 * Rihag + Pachip2 *
Pdchip3) * Rthag * Tamb | Rthas * Pdchips * Rthec + Tamb | Rithsc + Pdchips * Rihc + Tamb
3.1.2 Thermal calculation in transient mode

Ths= Pdhs ® Znhs * Znsis * (Pdisa + Pdisg) + Tamp

Tisa= Pdisa * Zjs + Pdps * Zpgs + Pdisg * Znsis + Tamb
Tisg= Pdisg * Zjs + Pdhs * Zngis + PdisA * Znsis + Tamp

Figure 19. Chipset configuration

CHIP 1
le
Zhsls # # Zhsls
CHIP2 |Zgs | CHIP3
le <> le

Equation 1: pulse calculation formula

ZTHs = Ryu 9+ Zrpp(1-9)

where 6 =t /T

p
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Figure 20. MultiPowerSO-30 HSD thermal impedance junction ambient single pulse
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Figure 21. MultiPowerS0O-30 LSD thermal impedance junction ambient single pulse
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Figure 22. Thermal fitting model of an H-bridge in MultiPowerSO-30
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Table 18. Thermal parameters(l)
Arealisland (cm?) Footprint 4 8 16
R1 = R7 (°C/W) 0.1
R2 = R8 (°C/W) 0.3
R3 = R10 = R16 (°C/W) 0.5
R4 (°C/W) 6
R5 (°C/W) 30 24 24 24
R6 (°C/W) 56 52 42 32
R9 = R15 (°C/W) 0.05
R11 = R17 (°C/W) 0.7
R12 = R18 (°C/W) 10
R13 = R19 (°C/W) 36 26 26 26
R14 = R20 (°C/W) 56 42 36 28
R21 = R22 (°C/W) 35 25 25 25
R23 (°C/W) 160 150 150 150
Cl1=C7=C9=C15 (W.s/°C) 0.005
C2 = C8 (W.s/°C) 0.01
C3 (W.s°C) 0.03
C4 (W.s/°C) 0.4
C5 (W.s/°C) 15 2 2 2
C6 (W.s/°C) 3 4 5 6
C10 =C16 (W.s/°C) 0.015
C11 = C17 (W.s/°C) 0.05
C12 = C18 (W.s/°C) 0.3
C13=C19 (W.s/°C) 1.2 2 2 2
C14 = C20 (W.s/°C) 25 3 4 5
C21 =C22 =C23 (W.s/°C) 0.01 0.008 0.008 0.008

1. The blank space means that the value is the same as the previous one.
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Package and packing information VNH5019A-E

4 Package and packing information

4.1 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.

4.2 MultiPowerSO-30 mechanical data

Figure 23. MultiPowerS0-30 package dimensions
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VNH5019A-E Package and packing information

Table 19. MultiPowerS0O-30 mechanical data

Data book mm
Symbol

Min. Typ. Max.

A 2.35
A2 1.85 2.25
A3 0 0.1
B 0.42 0.58
0.23 0.32

D 17.1 17.2 17.3
18.85 19.15

E1l 15.9 16 16.1

e 1

F1 5.55 6.05
F2 4.6 51
F3 9.6 10.1
0.8 1.15

10°

0° 7°
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MultiPowerSO-30 suggested land pattern

4.3

Figure 24. MultiPowerS0O-30 suggested pad layout
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4.4 MultiPowerS0O-30 packing information

The devices can be packed in tube or tape and reel shipments (see Table 20: Device
summary for packaging quantities).

Figure 25. MultiPowerS0O-30 tube shipment (no suffix)

7 % J ) Dimension mm
) iz A Base g1y 9
7 @ Bulk g.ty 435
T Tube length (+ 0.5) 532
c B A 3.82
B 23.6
C(x0.13) 0.8
Figure 26. MultiPowerS0O-30 tape and reel shipment (suffix “TR")
! Reel dimensions
S0O-28 tube shipment (no suffix)
40 min.
Aecess ols Dimension mm
‘ at slot location
Base q.ty 1000
Bulk q.ty 1000
2 A (max) 330
D R B (min) 15
C(£0.2) 13
o e s o . D (min) 202
G (+2/-0) 32
N (min) 100
G measured T (max) 38.4
Full radius athub
Tape siot
in core far
L, tape start
2.5mmmin. width 1 r
Po Tape dimensions
o P According to Electronic Industries Association
— (EIA) Standard 481 rev. A, Feb 1986
ToR | Description Dimension mm
,COVER Tape width w 32
/" TAPE :
Tape hole spacing PO (+ 0.1) 4
- - Component spacing P 24
Hole diameter D (+ 0.1/-0) 15
i Hole diameter D1 (min) 2
3 Hole position F(£0.1) 14.2
user Direction of Feed Compartment Depth K (max) 2.2
Hole Spacing P1(x0.1) 2
edd O[(0 @ d[0 @ (0 O d ?o
/ooooooo\ S
art
Top No components | Components No components
cover
tape 500 mm min
500 mm min
1 \ Empty components pockets /
User Direction of Feed User direction of feed
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Order codes

Table 20. Device summary

Package

Order codes

Tube

Tape and reel

MultiPowerSO-30

VNH5019A-E

VNH5019TR-E
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6 Revision history

Table 21. Document revision history

Date Revision Changes

22-Jan-2008 1 Initial release.

Uploaded corporate template by using V3 version

Added Table 5: Thermal data

Section 2.1: Absolute maximum ratings

— Added text

Table 6: Power section

— Is: added max value for INpy = INg = PWM = 0; T; = 25 °C;
V=13V in Test conditions, deleted INy = INg = PWM =0

— V¢ changed Test conditions, changed typ/max value

— Igwm: deleted and copied in Table 8: Switching (Ve = 13V,
R oap = 0.87 W, Tj = 25 °C) whole row

Table 8: Switching (Vcc = 13V, R oap = 0.87 W, Tj = 25 °C)
— tpgL: changed min/typ/max value

— Copied Igy row by Table 6: Power section

Updated Table 10: Current sense (8 V < V¢ <21V)

Table 11: Charge pump

— Vcp: changed min/max value for ENy = 5V, changed typ
value for ENy =5V, Vcc =45V

Updated Figure 11: Waveforms in full bridge operation (part 1)
Updated Figure 12: Waveforms in full bridge operation (part 2)
Added Chapter 4

04-Nov-2009 2

Updated following tables:

— Table 6: Power section

— Table 9: Protection and diagnostic
16-Dec-2009 3 — Table 10: Current sense (8 V < V¢ < 21 V)

Added Figure 6: Behavior in fault condition (how a fault can be
cleared)

Added Chapter 3: Package and PCB thermal data

Updated Table 5: Thermal data.

Table 6: Power section:

— lg: updated test condition and max value

06-Apr-2010 4 Updated table notes on Table 9: Protection and diagnostic.
Table 10: Current sense (8 V <V <21V):

— dKg/Kg, dK1/kq, dKa/ks: updated minimum end maximum

values.
19-Apr-2010 5 Updated Table 10: Current sense (8 V <V <21 V).
Updated Features list.
25-May-2010 6 .
Updated Table 6: Power section.
02-Sep-2010 7 Updated Table 5: Thermal data.
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Table 21. Document revision history (continued)

Date Revision Changes

Updated Figure 1: Block diagram

Added Table 1: Suggested connections for unused and not
connected pins

Updated Table 3: Block descriptions

Table 8: Switching (VCC =13V, RLoaD = 0.87 W, Tj =25 °C):
22-Dec-2011 8 - TTSD' TTR' THYST: added note

— Trsp_Ls' added row

Updated Table 13: Truth table in fault conditions (detected on
OUTA)

Updated Figure 11: Waveforms in full bridge operation (part 1)
and Figure 12: Waveforms in full bridge operation (part 2)

19-Sep-2013 9 Updated Disclaimer.

4
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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
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