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VNH3ASP30-E

Automotive fully

integrated H-bridge motor driver

Features

Type l:‘DS(on) lout | Veemax

VNH3ASP30-E | #2memax | 00 | 44y

(per leg)

5V logic level compatible inputs
Undervoltage and overvoltage shutdown
Overvoltage clamp

Thermal shut down

Cross-conduction protection

Linear current limiter

Very low standby power consumption

PWM operation up to 20 kHz

Protection against loss of ground and loss of
Vee

m Current-sense output proportional to motor
current

m Package: ECOPACK®

Description

The VNH3ASP30-E is a full-bridge motor driver
intended for a wide range of automotive
applications. The device incorporates a dual
monolithic high-side driver (HSD) and two low-
side switches. The HSD switch is designed using
STMicroelectronics proprietary VIPower™ MO
technology that efficiently integrates a true Power
MOSFET with an intelligent signal/protection
circuit on the same die.

MultiPowerSO-30™

The low-side switches are vertical MOSFETs
manufactured using STMicroelectronics
proprietary EHD (“STripFET™”) process.The
three circuits are assembled in a 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.
Moreover, its fully symmetrical mechanical design
provides superior manufacturability at board level.
The input signals INp and INg can directly
interface with the microcontroller to select the
motor direction and the brake condition. Pins
DIAGA/ENp 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 normal condition operation
is explained in Table 12: Truth table in normal
operating conditions on page 14. The CS pin
monitors the motor current by delivering a current
proportional to its value. The speed of the motor
can be controlled in all possible conditions by the
PWM up to 20 kHz. In all cases, a low level state
on the PWM pin will turn off both the LS and LSg
switches. When PWM rises to a high level, LS, or
LSg turn on again depending on the input pin
state.

Table 1. Device summary
Order codes
Package
Tube Tape & reel
MultiPowerSO-30 VNH3ASP30-E VNH3ASP30TR-E
February 2008 Rev 5 1/33

www.st.com


http://www.st.com

Contents VNH3ASP30-E

Contents
1 Block diagram and pin description ................ ... oot 5
2 Electrical specifications ............... ... i 8
2.1 Absolute maximumratings . . ......... ... 8
2.2 Electrical characteristics . . ............ .. .. ... 9
2.3 Electrical characteristicscurves . ........ ... ... ... .. ... .. ..., 16
3 Application information .............. ... . i 20
3.1 Reverse battery protection . ............ ... . . .. 21
4 Package and PCB thermaldata ..................... ... out. 25
4.1 MultiPowerSO-30thermaldata ............ . ... ... ... ... .. ..... 25
411 Thermal calculation in clockwise and anti-clockwise operation in Steady-
state mode 26
41.2 Thermal resistances definition (values according to the PCB heatsink
area) 26
4.1.3 Thermal calculation in Transientmode ......................... 26
41.4 Single pulse thermal impedance definition (values according to the PCB
heatsink area) 26
5 Package and packing information ..................... ... ..., 29
5.1 ECOPACK® packages .. ....ooi i i 29
5.2 MultiPowerSO-30 package mechanicaldata ...................... 29
5.3 Packing infformation ........ ... ... . .. 31
6 Revisionhistory ......... ...ttt 32
2/33 1S7]




VNH3ASP30-E List of tables

List of tables

Table 1.
Table 2.
Table 3.
Table 4.
Table 5.
Table 6.
Table 7.
Table 8.
Table 9.

Table 10.
Table 11.
Table 12.
Table 13.
Table 14.
Table 15.
Table 16.
Table 17.
Table 18.

DEVICE SUMMaAIY . . . . e e e e 1
Block description. . . ... .. e 5
Pin definitions and functions . . .. . .. ... . 6
Pin functions description. . . ... . e 7
Absolute maximum ratings . . . . . . ... 8
POWer SECHION . . . .. e 9
Logicinputs (INA, INB, ENA, ENB) .. ... . .. e 9
P VM . e 9
Switching (Vee =13V, RloaDp =1 Q) . o o oo oo 10
Protection and diagnostic . . . .. ... ... e 10
Currentsense (OV < Voo <1BV) Lo o 10
Truth table in normal operatingconditions . ... ... .. .. . . . 14
Truth table in fault conditions (detected on OUTA). . ......... ... .. 14
Electrical transient requirements .. ........ . . . . e 15
Thermal calculation in clockwise and anti-clockwise operation in Steady-state mode. . .. 26
Thermal parameters . ... ... 28
MultiPowerSO-30 mechanicaldata ........... ... .. ... i 29
Document revision history . .......... .. . e 32

3/33




List of figures VNH3ASP30-E

List of figures

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.

Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.
Figure 20.
Figure 21.
Figure 22.
Figure 23.
Figure 24.
Figure 25.
Figure 26.
Figure 27.
Figure 28.
Figure 29.
Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.
Figure 37.
Figure 38.
Figure 39.
Figure 40.
Figure 41.
Figure 42.
Figure 43.
Figure 44.
Figure 45.
Figure 46.

4/33

Block diagram . . . ... ..o e 5
Configuration diagram (Iop VIEW) . . . .. ..o e 6
Current and voltage conventions .. ... .. i e 8
Definition of the delay times measurement . ............... ... . . i, 11
Definition of the low-side switchingtimes. .. ... .. ... .. . .. . . . ... 12
Definition of the high-side switchingtimes .. ... .. ... ... .. .. . . . . . . ... 12
Definition of dynamic cross conduction current during a PWM operation. .. ........... 13
On state sUpply CUITENt. . . . . ... e e e e 16
Off state supply CUITeNt. . . .. ... e e 16
High-level input current. . . .. ... . e 16
Input clamp voltage. . . . . ..o e 16
Input high-level voltage. . . .. ... e 16
Input low-level voltage . . . ... e 16
Input hysteresis voltage . . . ... e 17
High-level enable pin current . .. ... . . 17
Delay time during change of operationmode. . . ........ .. ... .. .. . i .. 17
Enable clamp voltage . . . . ... e 17
High-level enable voltage . . . ... ... 17
Low-level enable voltage . ... ........ . e 17
PWM high-level voltage . . . ... . e 18
PWM low-level voltage . . . ... ... e 18
PWM high-level current . ... ... .. e 18
Overvoltage shutdown . . .. ... e e 18
Undervoltage shutdown . . ... ... e 18
Current limitation. . . ... ... e 18
On state high-side resistance vs Tcase . . ... . i e 19
On state low-side resistance vs Tcase . . . . ... .ottt 19
On state high-side resistance vs VCC . . . . ... ... 19
On state low-side resistance vs VCC . . . . . .. i e 19
Outputvoltage rise time . .. .. ... . e e 19
Output voltage fall time. . .. .. ... e 19
Typical application circuit for DC to 20 kHz PWM operation short circuit protection ....20
Half-bridge configuration. . . .. ... ... . 21
Multi-motors configuration .. ... .. . e 22
Waveforms in full-bridge operation. . . ... . . 23
Waveforms in full-bridge operation (continued ). . ......... .. ... . . .. i i 24
MultiPowerSO-30™ PC board . ... e e 25
Chipset configuration . . ... . e 25
Auto and mutual RthJA vs PCB copper area in open box free air condition. . ... ....... 25
MultiPowerSO-30 HSD thermal impedance junction ambient single pulse ............ 27
MultiPowerSO-30 LSD thermal impedance junction ambient single pulse. . ........... 27
Thermal fitting model of an H-bridge in MultiPowerSO-30 .. ....................... 28
MultiPowerSO-30 package outline . . . ... ... i e 29
MultiPowerSO-30 suggested pad layout ... ... ... .. ... . . i 30
MultiPowerSO-30 tube shipment (nosuffix) ............... ... ... .. . ... .. ... 31
MultiPowerSO-30 tape and reel shipment (suffix “TR”) . ......... ... .............. 31




VNH3ASP30-E

Block diagram and pin description
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Block diagram and pin description

Figure 1. Block diagram
Vee
|OVERTEMPERATUREA| | Oy+Uy | |OVERTEMPERATURE B |
CLAMP HS, CLAMP HSg
a -
HSA > DR'I-‘\/SEAR LOGIC Dr:g/:ﬂ < HSg
>—| |—o
CURRENT CURRENT
LIMITATION A LIMITATION B
OUT, (] }1/}( > 1/K} [ OUTg
CLAMP LSy CLAMP LSg
N DRIVER! DRIVER o
LSa F };7 [ 1 Lss 7“ ﬂ LSg
1 r m! 1
GND, DIAGAEN, INy CS PWM INg DIAGE/ENg GNDg
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

Overvoltage +
undervoltage

Shuts down the device outside the range [5.5V..16V] for the battery voltage

High-side and low-
side clamp voltage

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

High-side and low-
side driver

Drives the gate of the concerned switch to allow a good Rpgon) 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

Overtemperature
protection

In case of short-circuit with the increase of the junction’s temperature, shuts
down the concerned high side to prevent its degradation and to protect the die

Fault detection

Signals an abnormal behavior of the switches in the half-bridge A or B by
pulling low the concerned EN,/DIAG, pin
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VNH3ASP30-E

Figure 2. Configuration diagram (top view)
(010 7 s it A T80 ouT,
Nel | (=== ---o27 - ouT |  INc
Voo - : : ‘ Heat SAIu 3 | GND,
Nel | | & IGND,
INy L] 1 . 1GND,
ENp/DIAGA [ | 1 X . 1OUT,
Nel ] | v v o INe
PWML__| | Heat Siugt SR S/
csl | N  — INe
ENg/DIAGg | | | A —e V) ™
INg [ | : : \ : . ]GNDg
Nel | |, OUTe | [ 1GNDg
Vee [~ j : | Heat Slug2 : 1 GNDg
N g o INe
ouTgl 8 _ _____________ 1  ]OUTg
Table 3. Pin definitions and functions
Pin No. Symbol Function
1, 25,30 OUT,, Heat Slug3 | Source of high-side switch A / Drain of low-side switch A
2,4,7,12, 14,
17,22 24, 29 NC Not connected
3,13,23 Ve, Heat Slug1 | Drain of high-side switches and power supply voltage
5 INp Clockwise input
6 EN,/DIAG Status of high-side and low-side switches A; open drain output
8 PWM PWM input
9 CS Output of current sense
10 ENg/DIAGg Status of high-side and low-side switches B; open drain output
11 INg Counter clockwise input
15, 16, 21 OUTp, Heat Slug2 | Source of high-side switch B / Drain of low-side switch B
26, 27, 28 GNDj, Source of low-side switch A(")
18, 19, 20 GNDg Source of low-side switch B(!)

1.

GND, and GNDg must be externally connected together.
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VNH3ASP30-E

Block diagram and pin description

Table 4. Pin functions description
Name Description
Vece Battery connection
GND,, GNDg | Power grounds; must always be externally connected together
OUT,, OUTg | Power connections to the motor
Voltage controlled input pins with hysteresis, CMOS compatible: These two pins
INa, INg control the state of the bridge in normal operation according to the truth table (brake
to Ve, brake to GND, clockwise and counterclockwise).
Voltage controlled input pin with hysteresis, CMOS compatible: Gates of low-side
PWM FETs are modulated by the PWM signal during their ON phase allowing speed
control of the motor.
Open drain bidirectional logic pins. These pins must be connected to an external pull
ENL/DIAG up resistor. When externally pulled low, they disable half-bridge A or B. In case of
ENA/DIAGA, fault detection (thermal shutdown of a high-side FET or excessive ON state voltage
B B | drop across a low-side FET), these pins are pulled low by the device (see truth table
in fault condition).
Analog current-sense output. This output sources 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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Electrical specifications

Figure 3. Current and voltage conventions
s
4_
é b Vee
Vee
— |
A INA OUTA <«—=2 'OUTA "
—> |
INB OUTB ouTB V.
4 Isense, A OUTA
DIAGA/ENA (ofS
DIAGg/ENg Vourts
ViNa PWM  GND, GNDg
| {3 0} 0
pw
= . lanp
I
pr iGND
Absolute maximum ratings
Table 5. Absolute maximum ratings
Symbol Parameter Value Unit
Vee | Supply voltage +41 Vv
lmax | Maximum output current (continuous) 30 A
IR Reverse output current (continuous) -30
N Input current (IN4 and INg pins) +0
lEn Enable input current (DIAGA/ENp and DIAGE/ENg pins) +0 mA
Ipw PWM input current +0
Ves | Current-sense maximum voltage -3/+15 \'%
Electrostatic discharge (R = 1.5kQ C = 100pF)
v — CS pin 2 kv
ESD |_ logic pins 4 kV
— output pins: OUT,, OUTg, Ve 5 kV
T, Junction operating temperature Internally limited
Te Case operating temperature -40 to 150 °C
Tstg Storage temperature -55 to 150
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VNH3ASP30-E Electrical specifications

2.2 Electrical characteristics
Vee =9V up to 16 V; -40°C < T < 150°C, unless otherwise specified.

Table 6. Power section
Symbol Parameter Test conditions Min | Typ | Max | Unit
Voo Operating supply 55 16 Y
voltage
Off state:
INp =INg =PWM =0; T; =25°C; Vg = 13V 12 | 30 | pA
ls  |Supply current INa = INg = PWM = 0; 60 | pA
On state:
INa or INg = 5V, no PWM 10 | mA
R Static high-side loutr = 12A; T; =25°C 30 0
ONHS | resistance lout = 12A; T = -40 to 150°C 60
Static low-side lout=12AT;=25°C 12
RonLs : Con . mQ
resistance louT = 12A; T, = -40 to 150°C 24
High-side
Vi freewheeling diode | Iz =12A 08| 1.1 \
forward voltage
High-side off-state TJ = 2500; VOUTX = ENX =0V, VCC =13V 3
ILofy |output current pA
(per channel) Ty =125°C; Voyrx = ENx = 0V; Vg = 13V 5
Dynamic cross- _ .
Irm conduction current lout = 12A (see Figure 7) 1.7 A
Table 7. Logic inputs (INp, INg, ENpy, ENg)
Symbol Parameter Test conditions Min | Typ | Max | Unit
Vi Input low-level voltage 1.25
Viy | Input high-level voltage Norma}l opergtlon (DIAGy/ENy pin acts 3.05
as an input pin)
Vinys | Input hysteresis voltage 0.5 \
IIN =1mA 5516.3]| 7.5
VicL |Input clamp voltage
IIn =-1TmA -1.0|-0.7| -0.3
Ine | Input low current Vin=125V 1 A
9]
ine | Input high current VN =3.25V 10
v Enable output low-level | Fault operation (DIAGy/ENy pin acts as 04 | v
DIAG iy -
voltage an output pin); Igy = TMA
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Table 8. PWM
Symbol Parameter Test conditions Min Typ Max Unit
VewL | PWM low-level voltage 1.25 \
PWM low-level pin _
lPWL current pr =125V 1 HA
Vpwy | PWM high-level voltage 3.25 \
PWM high-level pin _
IPWH current pr =3.25V 10 |JA
Vewnys | PWM hysteresis voltage 0.5
low = TMA VCC +0.3 VCC +0.7 VCC +1.0 V
Vpwcr | PWM clamp voltage il
lpw = -1TMA -6.0 -4.5 -3.0
PWM pin input _
Cinpw capacitance Vin =25V 25 PF
Table 9. Switching (Vec =13V, R oap =1 Q)
Symbol Parameter Test conditions Min | Typ Max Unit
fpw PWM frequency 0 20 kHz
. Input rise time < 1ps
t Turn-on delay t 250
d(on) urn-on delay time (see Figure 6)
. Input rise time < 1ps
t Turn-off delay t 250
d(off) | TUM-OT ATy Time (see Figure 6)
s
t, Rise time (see Figure 5) 1 1.6 H
t Fall time (see Figure 5) 1 24
Delay time during change .
tpEL of operating mode (see Figure 4) 300 | 600 | 1800
High-side freewheeling
Y diode reverse recovery (see Figure 7) 110 ns
time
Table 10. Protection and diagnostic
Symbol Parameter Test conditions | Min | Typ | Max | Unit
Vuv(sd) | Undervoltage shutdown 5.5
Vyv(resety | Undervoltage reset 4.7 \
Vov(sg) |Overvoltage shutdown 16 | 19 | 22
lLim High-side current limitation 30 | 50 | 70 A
Vep | Total clamp voltage (V¢ to GND) lout = 12A 43 | 48 54 \
Tinsg) | Thermal shutdown temperature Vin=3.25V 150 | 175 | 200
Th(resety | Thermal reset temperature 135 °C
Tinhys)y | Thermal hysteresis 7 15
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Table 11.  Current sense (9V < V¢ < 16V)
Symbol Parameter Test conditions Min | Typ Max | Unit
lout = 30A; Rsense = 700€2
Ky lout/Isense T, = -40 to 150°C 4000 | 4700 | 5400
I =8A;R =700 T
K, louT/\SENSE =0}J4T0 0 150§5NSE J13750 | 4700 | 5650
(1) i | lout = 30A; Rgensg = 7002 |
dK4/K4 Analog sense current drift T, = -40 to 150°C 8 +8 .
o
(1) i | lout =8A; Rgensg =700 T, |
dKo/Ks Analog sense current drift | - -40 1o 150°C 10 +10
| Analog sense leakage lout = OA; Vgense = 0V, 0 -0 A
SENSEO | current T, = -40t0150°C g
1. Analog sense current drift is deviation of factor K for a given device over (-40°C to 150°C and
9V < V¢ < 16V) with respect to its value measured at T = 25°C, Vg = 13V
11/33
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Figure 4. Definition of the delay times measurement
AVina
> t
4 Ving
> t
A PWM
HRIINNSARERINNERENNEN
4l oap
t
toEL | < DEL >
L t
Figure 5. Definition of the low-side switching times
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Figure 6. Definition of the high-side switching times
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Figure 7. Definition of dynamic cross conduction current during a PWM operation
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Table 12.  Truth table in normal operating conditions

INy | INg | DIAGA/EN, | DIAGG/ENg | OUT, | OUTR CS Operating mode
1 H | High Imp. Brake to V¢
1 0 4 L Clockwise (CW)
1 1 1 H ‘sense = lour/K Counterclockwise (CCW)
° 0 - L High Imp. Brake to GND

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

INy INg DIAG,/EN, | DIAGg/ENg OUT, OUTg cs
1 H
1 High Imp.
0 L
1
. 1 H louTe/K
0 0 OPEN L
High Imp.
X 0 OPEN
X 1 H loute/K
1
0 L High Imp.
Fault Information Protection Action

Notice that saturation detection on the low side power MOSFET is possible only if the
impedance of the short-circuit from the output to the battery is less than 100mQ when the
device is supplied with a battery voltage of 13.5V.
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Table 14. Electrical transient requirements
ISO T/R-7637/1 | Test Level Test Level | TestLevel | Test Levels Delays
Test Level Il
Test Pulse | n v and Impedance
1 -25V -50V -75V -100V 2ms, 10Q
2 +25V +50V +75V +100V 0.2ms, 10Q
3a -25V -50V -100V -150V
0.1ps, 50Q
3b +25V +50V +75V +100V
4 -4V -5V -6V -7V 100ms, 0.01Q
5 +26.5V +46.5V +66.5V +86.5V 400ms, 2Q
ISOT/R-7637/1 Test Levels Test Levels Test Levels Test Levels
Test Pulse Result | Result I Result Il Result IV

1
2

3a C C C

C

3b
4

5(1) E E E

1. For load dump exceeding the above value a centralized suppressor must be adopted.

device.

Class Contents
C All functions of the device performed as designed after exposure to disturbance.
One or more functions of the device did not perform as designed after exposure to
E disturbance and cannot be returned to proper operation without replacing the
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2.3 Electrical characteristics curves
Figure 8. On state supply current Figure 9.  Off state supply current
Is (MA) Is (WA)
8 50
7 | 45 -
Vee = 13V, no PWM 40 - Vee = 13V
1 INAorINB=5V 35 |
5 30
4 4 25 4
s \ 20 1
15
2 [
10 4
1 5
0 T T T T T T T T 0 T T T T T T
-50 -25 0 25 50 75 100 125 150 175 50 25 0 25 50 75 100 125 150 175
T (°C) Tc (°C)
Figure 10. High-level input current Figure 11. Input clamp voltage
Iine (HA) Vier (V)
8 8.00
7 7.75
Vcc=9V16V I|N=1mA
®1 Vin = 3.25V 780
51 7.25
4 4 7.00
31 \ 6.75
—| /
21 6.50 - ]
1 6.25
0 T T T T T T 6.00 T T T T T T
50 25 0 25 50 75 100 125 150 175 50 25 0 25 50 75 100 125 150 175
T (°C) T (°C)
Figure 12. Input high-level voltage Figure 13. Input low-level voltage
Vin (V) Vi (V)
3.6 2.8
3.4 1 ‘ ‘ 2.6
Voo = 9V...16V oa L Vec=9V..16V
3.2 1 :
2.2
3.0
2.0 1
2.8 4
e S 1.8
26 - I
1.6 1
2.4 1 1.4 1
2.2 A 12
2.0 T T T T T T 1.0 T T T T T
50 25 0 25 50 75 100 125 150 175 50 25 0 25 50 75 100 125 150 175
Tc (°C) Tc (°C)
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Figure 14. Input hysteresis voltage

Figure 15. High-level enable pin current
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0.6
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0.0 T T T T T
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Te (°C)

lenn (HA)

Vee = 8V...24V
Ven = 3.25V

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

T. (°C)

Figure 16. Delay time during change of
operation mode

Figure 17. Enable clamp voltage

toeL (Us)
1000 ‘

900 -
800 +—— Vg =13V
700 +——RL = 1ohm

600 - /
500 -

400

300 +
200

100 +

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

T. (°C)

Venet (V)
8.00

7.75 4
IEN =1mA
7.50 -
7.25 A

7.00 -

6.75

6.50

6.25

6.00 T T T T T T T
50 25 0 25 50 75 100 125 150 175
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Figure 18. High-level enable voltage

Figure 19. Low-level enable voltage
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40 ‘ ‘
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28
26 1 I e
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22
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224
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Figure 20. PWM high-level voltage

Figure 21. PWM low-level voltage
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Figure 22. PWM high-level current

Figure 23. Overvoltage shutdown
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Figure 24. Undervoltage shutdown

Figure 25. Current limitation
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Figure 26. On state high-side resistance vs Figure 27. On state low-side resistance vs
Tcase Tcase

Ronwks (MOhm) Ronts (MOhm)

80 40

70 4 ‘ ‘ 35 1
VCC = 13V VCC = 13V

601 lour = 12A 801 lour = 12A

50 25

40 1 20 1

30 15

20 - // 10

10 1 51

0 T T T T T 0 T T T T T T T

50 25 0 25 50 75 100 125 150 175 50 25 0 25 50 75 100 125 150 175
T (°C) Tc (°C)

Figure 28. On state high-side resistance vs

Figure 29. On state low-side resistance vs V¢c

Vee

Ronks (MOhm) Ronks (MOhm)

80 ‘ 40

70 4 loap=12A 35 1 loap=12A

60 30 1

50 | T,=150°C 05 |

40 - 20 1

T.=150°C
30 T.=25°C 15 |
Te=25°C
20 4 T, =-40°C 10 4 [
10 4 5 T, =-40°C
0 T T T T T T T T 0 T T T T T T t T T
8 9 10 11 12 13 14 15 16 17 18 19 20 8 9 10 11 12 13 14 15 16 17 18 19 20
Vee (V) Vee (V)
Figure 30. Output voltage rise time Figure 31. Output voltage fall time
tr (Us) tr (bs)
1.0 5.0
09 - 451
Vee =13V 4.0 Vee =13V
081 R, = 1ohm 35 R_=1ohm
0.7 4 30 4
-
06 — 25
05 1 201
1.5 -
0.4 \
1.0 1
[ —

0.3 05
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T. (°C)

50 26 0 25 50 75 100 125 150 175

T. (°C)
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Application information

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 will turn off both LS, and LSg switches.
When PWM rises back to “1”, LS, or LSg turn on again depending on the input pin state.

Figure 32. Typical application circuit for DC to 20 kHz PWM operation short circuit
protection

Vcc

Reg 5V 5V

Vcc

o —(}—@
— Y
w <
(%)
A

DIAGB/ENE,l

—

? ¢
100k ¥ G :J}
4:%—{ b) N MOSFET
=

T

o

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 fly back into the blocking capacitor, if the bridge driver goes into tri-
state. This causes a hazardous overvoltage if the capacitor is not big enough. As basic orientation, 500uF per 10A load current is

recommended.

In case of a fault condition the DIAGy/ENy pin is considered as an output pin by the device.
The fault conditions are:
overtemperature on one or both high sides

short to battery condition on the output (saturation detection on the low-side power
MOSFET)

Possible origins of fault conditions may be:
OUT, is shorted to ground —overtemperature detection on high side A
OUT, is shorted to Vo —low-side power MOSFET saturation detection

4




VNH3ASP30-E Application information

When a fault condition is detected, the user can know which power element is in fault by
monitoring the INp, INg, DIAGA/ENp and DIAGR/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 to high level.

3.1 Reverse battery protection

Three possible solutions can be considered:
a Schottky diode D connected to V¢ pin

an N-channel MOSFET connected to the GND pin (see Figure 32: Typical application circuit
for DC to 20 kHz PWM operation short circuit protection on page 20)

a P-channel MOSFET connected to the V¢ pin

The device sustains no more than -30A in reverse battery conditions because of the two
body diodes of the power MOSFETSs. Additionally, in reverse battery condition the I/Os of
are pulled down to the V¢ line (approximately -1.5V). A series resistor must be inserted to
limit the current sunk from the microcontroller I/Os. If g4y is the maximum target reverse
current through pC 1/Os, the series resistor is:

s - Yios~Voc
IRmax
Figure 33. Half-bridge configuration
Vee
—— INA |—¢—
lﬂ%e /EN DIAG /E'NQ
T DlacdENS DIAGVENS —
—] PWM PWM [———

OUT, ouTy @ OUT, OUTg

GND,  GNDg GND,  GNDg
| l ]
Note: The VNH3ASP30-E can be used as a high power half-bridge driver achieving an On

resistance per leg of 21 mQ
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Figure 34. Multi-motors configuration

Vee
— 1IN INpo |
S INg
— | DIAGA/EN, DIAGAENs ——
—— DIAGg/ENg DIAGg/ENg ——
—1 PWM m PWM [———
OUT, OUTs \I\jlzJ OUT, OUTg |—
GND,  GNDg GND,  GNDg
Note: The VNH3ASP30-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.

4
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Figure 35. Waveforms in full-bridge operation

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

DIAGA/EN,
DIAGg/ENg —
IN
INg —
PWM L L L L1 3 L1
oUT, e
OUTg _ ] 1
louTa->ouTB T T T — — T [ )
CS (M) —_— o
> < > <
toEl toEL

(*) CS behavior during PWM mode will depend on PWM frequency and duty cycle.

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

DIAGg/ENg \

INg ‘
INg — w i
PWM AN I O s I ) s Y ([ A [ A B

OUT,
OUTg E— N e I

louTa->ouTB

Cs

CURRENT LIMITATION/THERMAL SHUTDOWN or OUT, SHORTED TO GROUND

|
L]
INg T LT
|
INg ! | |
om0 N
louta~>ouTs 4:—77 H \ —
e JﬁfffffffflTSE’
I T
B igiiiiﬁi%ii iiiiiii TR
TJ !7‘ T / T J> TTR\ Iy
DIAGA/EN 4‘—‘
AWENA | 1
I
DIAGG/ENg ! |
I
Cs I ‘ —
normal operation : OUT, shorted to ground normal operation
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Figure 36. Waveforms in full-bridge operation (continued )

INA
INg

OUT,
OUTg

louta->ouTB

DIAGg/ENg
DIAGA/EN,
cs

OUT shorted to V¢ and undervoltage shutdown

| | |
| | 1 |
| I I
| I |
# 1 i/ undefined ]
| | | undefined ]
— B R
| | | |
‘ |
| | |
4‘| V < nominal | ’7“
o le e
r|‘ I‘ VI‘
normal operation OUT, shorted to Ve normal operation undervoltage shutdown
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W i
AN AN AN B

thickness=2mm, Cu thickness=35um, Copper areas: from minimum pad lay-out to 16cm2).

Figure 38. Chipset configuration

HIGH-SIDE
CHIP

HSAB

LOW-SIDE LOW-SIDE
CHIP A CHIP B

LSa LSg

Figure 39. Auto and mutual Ry, 5 vs PCB copper area in open box free air condition

cw

45
— — RthA
40 ~ — - -RthB=RthC [
-~ -~ _
35 —_ _ RthAB = RthAC ||

30 - - Tt =--

—— e

25
20 -
15 oo,

0]
5

0

0 5, 10 15 20
cm’ of Cu Area (refer to PCB layout)
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411

4.1.2

413

41.4

Thermal calculation in clockwise and anti-clockwise operation in
Steady-state mode

Table 15. Thermal calculation in clockwise and anti-clockwise operation in Steady-

state mode
HS, |HSg | LS, | LS TuHsAB TyLsa TuLss
PaHsa X Rinvs + PaLss | Parsa X RinHsLs + Pansa X RinHsts + PaLss
ON OFF ON
X RinnsLs + Ta PaLse X Rinsts + Ta X Rins + Ta
OFF ON OFF | PaHsa X RinHs + PaLsa | Parise X RinHsLs + Panse X RihHsLs + PdLsa
X RthHsLs + Ta PaLsa X Rins + Ta X RinLsLs + Ta

Thermal resistances definition (values according to the PCB heatsink
area)

RinHs = Rintisa = Rinnss = High-Side Chip Thermal Resistance Junction to Ambient (HS or
HSg in ON state)

RinLs = RinLsa = RinLsg = Low-Side Chip Thermal Resistance Junction to Ambient

RinhnsLs = RinnsaLse = RinnseLsa = Mutual Thermal Resistance Junction to Ambient
between High-Side and Low-Side Chips

RinLsLs = RinLsaLse = Mutual Thermal Resistance Junction to Ambient between Low-Side
Chips

Thermal calculation in Transient mode(@

TyHsAB = ZinHs X PaHsaB + ZthnstLs X (PaLsa + Pass) + Ta
TuLsa = ZinHsLs X PansaB + ZinLs X PaLsa + ZinLsis X Paise + Ta

TuLsB = ZihHsLs X PansaB + ZinLsLs X PaLsa + Zinis X Parsg + Ta

Single pulse thermal impedance definition (values according to the
PCB heatsink area)

ZihHs = High-Side Chip Thermal Impedance Junction to Ambient
ZinLs = ZinLsa = ZinLss = Low-Side Chip Thermal Impedance Junction to Ambient

ZthHSLS = ZthHSABLSA = ZthHSABLSB = Mutual Thermal Impedance Junction to Ambient
between High-Side and Low-Side Chips

ZinLsLs = ZinLsaLse = Mutual Thermal Impedance Junction to Ambient between Low-Side
Chips

a. Calculation is valid in any dynamic operating condition. Py values set by user.

26/33
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Equation 1: pulse calculation formula

ZtHs = R 9+ Zrpp(1-9)

where 6 = tp/ T

Figure 40. MultiPowerS0-30 HSD thermal impedance junction ambient single pulse

Footprint

| 4cm?

- 8cm?
16 cm?

— Footprint
4 cm?
8 cm?
~16 cm?

)

0,1 /

0,001 0,01 0,1 time (sec) 1 10 100 1

g d

0

Figure 41. MultiPowerS0O-30 LSD thermal impedance junction ambient single pulse
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| . 8cm?
> % 16 cm?
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10 1 pd Wb om?
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\
\
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0,1 '/
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Figure 42. Thermal fitting model of an H-bridge in MultiPowerSO-30

Tj ] £ -
Pdihs 1 — C4 Ca Ch
@ R1 3% I '—
| A A R2 R4 RS R
(o) ca
i —i—
épdﬁhs R? R2
| e RzEg; Rzl
ca cino cn Cciz c1z [
! — i |—< —
@pdgls R9 R10 R11 RiZ R13 Ri4
| § R23
ci5 Ci6 ci7 Cia 14 20
! —— — —
éPdBlS R15 R1G R17 1% R149 Rz0
: SV VR [ Ny S
J:_ T_amb
Table 16. Thermal parameters(!)
Arealisland (cm?) Footprint 4 8 16
R1=R7 CC/W) 0.05
R2 = R8 (°C/W) 03
R3 ("C/W) 05
R4 (°C/W) 13
R5 (°C/W) 12
R6 (°C/W) 447 39.1 31.6 23.7
R9 = R15 "C/W) 0.11
R10 = R16 ("C/W) 0.21
R11 = R17 ("C/W) 0.42
R12 = R18 ("C/W) 15
R13 = R19 ("C/W) 20
R14 = R20 (°C/W) 46.9 36.1 30.4 208
R21 = R22 = R23 ("C/W) 115
C1=C7 (WsiC) 0.005
C2 = C8 (Ws/°C) 0.008
C3 0.01
C4=C13=C19 (W.s/C) 03
C5 (W.s/°C) 06
C6 (W.s/°C) 5 7 9 11
C9=C15 (W.s"C) 0.0016
C10=C16 (Ws/°C) 0.0032
C11=C17 (Ws/°C) 0.0053
C12=C18 (W.s/°C) 0.075
C14 = C20 (W.s/°C) 2.5 3.5 4.5 5.5

1.

The blank space means that the value is the same as the previous one.
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5

5.1

5.2

Package and packing information

ECOPACK® packages

In order to meet environmental requirements, ST offers these devices in ECOPACK®
packages. These packages have a Lead-free second-level interconnect. The category of
Second-Level Interconnect is marked on the package and on the inner box label, in
compliance with JEDEC Standard JESD97.

The maximum ratings related to soldering conditions are also marked on the inner box label.
ECOPACK is an ST trademark. ECOPACK specifications are available at: www.st.com.

MultiPowerSO-30 package mechanical data

Figure 43. MultiPowerS0-30 package outline

Lz

F2

£1

Fe

-D o |
| mmmmmmmwmmmmmm P GUPLHEHTHTHIYDD
\ lﬁL |
o
| |
Table 17. MultiPowerS0-30 mechanical data
Millimeters
Symbol
Min Typ Max
A 2.35
A2 1.85 2.25
A3 0 0.1
B 0.42 0.58
C 0.23 0.32
D 17.1 17.2 17.3
E 18.85 19.15
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Table 17. MultiPowerS0-30 mechanical data (continued)
Millimeters
Symbol
Min Typ Max
E1 15.9 16 16.1
e 1
F1 5.55 6.05
F2 4.6 5.1
F3 9.6 10.1
L 0.8 1.15
10 deg
S 0 deg 7 deg

Figure 44. MultiPowerSO-30 suggested pad layout

19.4-196

16.8-17

355-C.68 0.25-C.3%

|

29 2 7262524 21322 21 2019 18 17 16
Azl VAV A 0 7
T 199%%99%49999997
623 2‘1 623
| T L
| 193 |
\
3 4 5 6 7 8 9 101112131415
|
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5.3 Packing information

Note: The devices can be packed in tube or tape and reel shipments (see the Device summary on
page 1 for packaging quantities).

Figure 45. MultiPowerS0-30 tube shipment (no suffix)

P 7 7
ﬁj & o Dimension mm
L Tube length (+ 0.5) 532
e Y S A 382
‘c B B 236
C(+0.13) 0.8

Figure 46. MultiPowerS0O-30 tape and reel shipment (suffix “TR”)

T

S
Reel dimensions
40rmm rin, T [
Access hole
at slot location Dimension mm
A (max) 330
AL B (min) 1.5
b C(x0.2) 13
o}
D (min) 20.2
R & . G@2/-0 3
N (min) 100
T (max) 38.4
& measured
Full radius Tape siot athub
in core for
tape start
2.6mm min. width 1 ™
Tape dimensions
PO
According to Electronic Industries
D P1 Association (EIA) Standard 481 rev. A, Feb
[ , 1986
ggvap Description Dimension mm
| / TAPE Tape width w 32
Tape Hole Spacing PO (£ 0.1) 4
L Component Spacing P 24
h Hole Diameter D (« 0.1/-0) 15
< Hole Diameter D1 (min) 2
Hole Position F (x0.1) 14.2
I ) O((0 @ d(0 @ ([0 O ¢
[0 0 0 0 0 0O o\\ L i w%w%
Start
Top No components | Components | No components
cover
tape 500 mm min

500 mm min
1 \ Empty components pockets /
Liser Direction of Feed User direction of feed
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Revision history

Table 18. Document revision history

Date

Revision

Description of changes

Sep-2004

1

First issue

Dec-2005

2

Resistance per leg modification Figure 33: Half-bridge configuration
on page 21

6-Feb-2007

Document converted into new ST template.
Changed Features on page 1 to add ECOPACK® package
Removed Table 7. Thermal Data from page 4

Table 6: Power section on page 9: Changed test conditions and max
values for supply current in Off state and On state

Table 7: Logic inputs (INA, INB, ENA, ENB) on page 9: Modified
parameter descriptions for Iy and Iy

Table 8: PWM on page 10: Modified parameter descriptions for Ipyy_

and IPWH
Table 10: Protection and diagnostic on page 10: Modified all symbols
except ILlM and VCLP

Table 11 on page 11: Changed test conditions for K, analog sense
current drift

Section Table 13.: Truth table in fault conditions (detected on OUTA)
on page 14: Changed first of two fault conditions

Figure 6: Definition of the high-side switching times on page 13:
Added vertical limitation line to left side of tp o) arrow

Figure 36: Waveforms in full-bridge operation (continued ) on
page 24: Added dotted vertical limitation lines

Added Section 2.3: Electrical characteristics curves on page 16
Added Section 4: Package and PCB thermal data on page 25
Added Section 5: Package and packing information on page 29
Updated disclaimer on last page

01-Jun-2007

Document reformatted.

Table 6: Power section on page 9: changed test conditions and max
values for supply current in Off state

06-Feb-2008

Corrected Heat Slug numbers in Table 3: Pin definitions and
functions.
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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