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VND810MSP

Double channel high-side driver

Features
Type Rps(on) lout Vee
VND810MSP | 150ma" | 0.6A() 36V

1. Per each channel.

CMOS compatible inputs

Open Drain status outputs

On-state open load detection

Off-state open load detection

Shorted load protection

Undervoltage and overvoltage shutdown
Loss of ground protection

Very low standby current

Reverse battery protection(®)

a. See Application schematic on page 16
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Description

The VND&1LMSP is a monolithic device designed
in ST'vnzioelectronics VIPower MO-3 technology.
The V'ND810MSP is intended for driving any type
of inultiple load with one side connected to
ground.

The Active V¢ pin voltage clamp protects the
device against low energy spikes (see ISO7637
transient compatibility table). Active current
limitation combined with thermal shutdown and
automatic restart protects the device against
overload.

The current limitation threshold is aimed at
detecting the 21 W/ 12 V standard bulb as an
overload fault.

The device detects the open load condition in
both the on and off-state. In the off-state the
device detects if the output is shorted to V. The
device automatically turns off in the case where
the ground pin becomes disconnected.

Table 1. Device summary
Order codes
Package
Tube Tape and reel
PowerSO-10 VND810MSP VND810MSP13TR
December 2008 Rev 3 1/27
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VND810MSP Block diagram and pin description

Block diagram and pin description

Figure 1. Block diagram
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Figure 2. Configuration diagram (tor, view)
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Table 2. Suggested connections for unused and not connected pins
Connection / pin Status N.C. Output Input
Floating X X X X
To ground X Through 10KQ
resistor
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Electrical specifications

VND810MSP

2 Electrical specifications

2.1 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 3. Absolute maximum ratings B L
Symbol Parameter Value _i_Unit
Vee DC supply voltage 4! T~ \%
-Vee | Reverse DC supply voltage \ j(3.3 \Y,
-lgnp | DC reverse ground pin current N\~ . 200 mA
lout | DC output current Internally limited
-lout |Reverse DC output current > -6 A
N DC input current ) +/- 10 mA
Istar | DC Status current \ O 3¢ +/-10 mA
Electrostatic discharge (huma:ody model: R=1.5KQ
C = 100pF)
v - INPUT 4000 v
ESD | . STATUS 4000 \Y
- OUTRUT 5000 \Y
-V 5000 \%
v laximum switching ener
EMAN | (L = 400mH; Ry = gg; vbzy= 13.5V; Tigtart = 150°C; I = 0.9A) 225 m
iL \ ;tot Power dissipation (per island) at Tigoq = 25°C 52 W
Tj Junction operating temperature Internally limited °C
Te Case operating temperature -40to 150
Tstg Storage temperature - 55to 150 °C
6/27 ‘7_[




VND810MSP

Electrical specifications

2.2

2.3

Thermal data

Table 4. Thermal data (per island)

Symbol Parameter Value Unit
Rthj_|ead Thermal resistance junction-lead 2.4 °C/W
Rinj-amb | Thermal resistance junction-ambient 52.4(1) 372 °C/W

1. When mounted on a standard single-sided FR-4 board with 0.5cm? of Cu (at least 35 pm thick) connected
to all V¢ pins. Horizontal mounting and no artificial air flow.

2. When mounted on a standard single-sided FR-4 board with 6cm? of Cu (at least 35 pm thick) connected to
all V¢ pins. Horizontal mounting and no artificial air flow.

Electrical characteristics

Values specified in this section are for 8V < Vgc < 36V; -40°C < T < 189°C, unless
otherwise stated.

Figure 3. Current and voltage conventions

ls
<3
I|N1 N L VF1 (*) VCC A
A T INPL Ve
VN lsTATY louT
— ——
_— ﬁ STATUS 1 OUTPUT 1 D—“
Vstati  Iin2 VouTt
- =
— AN\ INPUT 2 |
_ out2
Ving  IsTAT2 ouTPUT 2| (7 —
| T STATUS 2 Voura
GND
| VsTaT2 ]
| T¢ lanD

Moz,

VEen = Veen - Vourn during reverse battery condition.
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Electrical specifications

VND810MSP

Note:

8/27

Table 5. Power output
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Voo Operating supply 55 13 36 v
voltage
Vusp | Undervoltage shutdown 3 4 5.5
Vov Overvoltage shutdown 36 \
, louT = 0.5A; T; = 25°C 150 | mQ
R On-state resistance !
ON louT = 0.5A; Vg > 8V 320 | mQ
Off-state; Vg = 13V;
V|N = VOUT =0V 12 40 IJA
Off-state; Vo = 13V;
Is Supply current Vin= Vour=0V;
Tj=25°C [ 72 25 | pA
On-state; Voo = 13V; V=5V
IOUT =0A 5 7 mA
I o1y | Off-state output current | V= Voyt =0V 0 50 | pA
I ofie) | Off-state output current | Viy=0V; Vg =3 5V -75 0 pA
ViN=VMAuT: CV; Voo = 13V,
ILoft3) | Off-state output current Tj”\i 12;LCT ce 5 pA
\"IN = VOUT = OV, VCC = 13V,
I Off-state output curre 3 A
L(off4) state output curran T,=25°C g
Table 6. Pre.actions
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Ttsp | Shutdown temperature 150 | 175 | 200 | °C
i Tg Reset temperature 135 °C
I Thyst | Thermal hysteresis 7 15 °C
Status delay in overload
'SDL | conditions Ti>Trsp 20 | bs
R Voo =13V 06 | 09 | 1.2 A
liim Current limitation 5.5V < Vg < 36V 12 A
Turn-off output clamp . Vee- | Veco- | Vee-
Vaernag |\ oitage loyr=08A;L=6mH | "4 | 48 | 55 | V

To ensure long term reliability under heavy overload or short circuit conditions, protection

and related diagnostic signals must be used together with a proper software strategy. If the
device is subjected to abnormal conditions, this software must limit the duration and number
of activation cycles.
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VND810MSP

Electrical specifications

Table 7. V¢ - output diode

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vg Forward on voltage - loyt=0.5A; Tj= 150°C 0.6 \
Table 8. Switching (V¢ = 13V; Tj= 25°C)
Symbol Parameter Test conditions Min. Typ. Max. | Unit
. . R = 13Qfrom V) rising edge
ta(on) Turn-on delay time t0 Vour = 1.3V (see Figure 5) 30 ps
R = 13Qfrom V) falling edge
ta(off) Turn-off delay time to Voyr=11.7V 30 us
(see Figure 5)
_ R =13Qfrom Voyr=1.8Vto See |
dVout/dt(on) | Turn-on voltage slope Vour = 10.4V (see Figure 5) Fiqure 10 V/ps
) RL =13Q from VOUT =117V See
dVout/dt oy | Turn-off voltage slope to Vour = 1.3V (see Figure 5\J ! Figure 12 V/ps
Table 9. Logic inputs
Symbol Parameter Test corditions Min. | Typ. | Max. | Unit
ViL Input low level 1.25 \
I Low level input current Vin=1.25V 1 HA
ViH Input high level 3.25 \
Iy High level input curreit VN =3.25V 10 pA
Vigysty | Input hystoresis voltage 0.5 \
v Irput ciamp voltage N =1mA 6 68 8 v
Pa) QD “emp vollag I = -TmA -07 v
vanlz 10, Status pin
—

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vgtar | Status low output voltage IsTaT = 1.6mMA 0.5 \'
ILstar | Status leakage current Normal operation; Vgyar = 5V 10 HA
Cstar | Status pin Input capacitance | Normal operation; Vgar = 5V 100 | pF

lSTAT =1mA 6 6.8 8 \
\Y Status cl It
scL atus clamp voltage loar = - TMA 07 v
9/27




Electrical specifications VND810MSP

Table 11. Open load detection

Symbol Parameter Test conditions | Min. | Typ. | Max. | Unit
loL Open load on-state detection threshold ViN=5V 20 40 80 mA
tboL(on) | Open load on-state detection delay lout=0A 200 | ps

Open load off-state voltage detection

VoL |ihreshord Vin=0V 15|25 | 35| V
tbov(offy | Open load detection delay at turn-off 1000 | ps
Figure 4.  Status timings
OPEN LOAD STATUS TIMING (with external pull-up) OVER TEMP STATUS TIMIN%G
Vour>VoL  lout<loL
| | I I T] >Tr1gp | I

Vinn

|
\
\
| \ —\ r —'_\_
V n
STAT_P \ ! I Vgrar, 1 _/‘

| | | oo
| | | | | |
tooL (off) t
DOL(on)
Figure 5. Switching chara~teristics
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VND810MSP Electrical specifications
Table 12.  Truth table
Conditions Input Output Status
Normal operation L L H
P H H H
L L H
Current limitation H X (Tj<Trsp) H
H X (Tj>Trsp) L
Overtemperature L L H
P H L L
L L X
Undervoltage H L X
L L H
It
Overvoltage H L H
L H L
tput volt V,
Output voltage > Vo H H H
Output current < | L I H
<
p oL H | L

Table 13.  Electrical transient regvii2inents
ISO T/R Test level
7637/1
Test pulse 1 Il 1] v Delays and impedance
1 —oev) | - 50V -75v(1) -100v(") 2ms, 10Q
2 +25v() +50v(1) +75v() +100v(") 0.2ms, 10Q
sa = -25v(M) -50v(" -100v(M | - 150v(M) 0.1ps, 50Q
| 3b +25v(1) +50v(1) +75v() +100v(") 0.1ps, 50Q
L4 V) -5v() -ev() -7v() 100ms, 0.01Q
5 +26.5V() | +465V@ | +665V@ | +86.5VR 400ms, 2Q

1.

All functions of the device are performed as designed after exposure to disturbance.

2. One or more functions of the device is not performed as designed after exposure and cannot be returned to

proper operation without replacing the device.
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Figure 6. Waveforms
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Electrical specifications

24

Electrical characteristics curves

Figure 7.  Off-state output current Figure 8. High level input current
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Figure 11. ).e:voltage shutdown Figure 12. Turn-off voltage slope
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VND810MSP

Figure 13.

ILim VS Tcase

Figure 14. On-state resistance vs V¢
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Figure 16. Input hysteresis votage
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On-stata ‘ecistance vs Tcase

Figure 18. Input low level
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Electrical specifications

Figure 19. Status leakage current

Figure 20. Status low output voltage
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Figure 21. Status clamp voltage

Figure 22. Open load on-sta’e de¢.tection
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3

3.1

3.1.1
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Application information

Figure 24. Application schematic
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GND nrctection network against reverse battery

Thiz section provides two solutions for implementing a ground protection network against
1verse battery.

Solution 1: a resistor in the ground line (Rgnp only)

This can be used with any type of load.

The following show how to dimension the Rgyp resistor:
1. Rgnp 600mV / 2 (Ig(onymax)

2. Rgnp z (- Vee)/ (- lgnp)

where - Ignp is the DC reverse ground pin current and can be found in the absolute
maximum rating section of the device datasheet.

Power dissipation in Rgnp (When Ve < 0 during reverse battery situations) is:
Pp= (- Vee)™ Ranp

This resistor can be shared amongst several different HSDs. Please note that the value of
this resistor should be calculated with formula (1) where Iggn)max becomes the sum of the
maximum on-state currents of the different devices.

1574




VND810MSP Application information

3.1.2

3.2

3.3

Please note that, if the microprocessor ground is not shared by the device ground, then the
Ranp Will produce a shift (Ionymax * Ranp) in the input thresholds and the status output
values. This shift will vary depending on how many devices are ON in the case of several
high-side drivers sharing the same Rgnp -

If the calculated power dissipation requires the use of a large resistor, or several devices
have to share the same resistor, then ST suggests using solution 2 below.

Solution 2: a diode (Dgpp) in the ground line

A resistor (Rgnp = 1K) should be inserted in parallel to Dgyp if the device will be driving
an inductive load. This small signal diode can be safely shared amongst several different
HSD. Also in this case, the presence of the ground network will produce a shift (;600mV) in
the input threshold and the status output values if the microprocessor ground is not cornmon
with the device ground. This shift will not vary if more than one HSD shares the cairic
diode/resistor network. Series resistor in INPUT and STATUS lines are also reguirad to
prevent that, during battery voltage transient, the current exceeds the £bsor 1.2 Maximum
Rating. Safest configuration for unused INPUT and STATUS pin is to lc¢ave inem
unconnected.

Load dump protection

D\q is necessary (voltage transient suppressor) f tt.e load dump peak voltage exceeds the
Ve maximum DC rating. The same appiies i the device is subject to transients on the Vg
line that are greater than those showri in "hz1SO T/R 7637/1 table.

MCU 1/O protection

If a ground protection nework is used and negative transients are present on the V¢ line,
the control pins w:ll te pulled negative. ST suggests to insert a resistor (Rprot) in line to
prevent the |'C /O pins from latching up.

The val.e or these resistors is a compromise between the leakage current of pC and the
cucrznt required by the HSD I/Os (Input levels compatibility) with the latch-up limit of pC
I Os:

- VCCpeak/ IIatchup Sl:‘prot S(VOHuC - VIH - VGND) / IIHmax
Example

For the following conditions:
VCCpeak =-100V
IIatchup 2 20mA
VoHuc 2 4.5V
5kQ <R B5KQ

Recommended values are:
Rprot = 10kQ
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3.4

18/27

Open load detection in off-state

Off-state open load detection requires an external pull-up resistor (Rpy) connected between
OUTPUT pin and a positive supply voltage (Vpy) like the +5V line used to supply the
microprocessor.

The external resistor has to be selected according to the following requirements:

1) no false open load indication when load is connected: in this case we have to avoid Vot
to be higher than Vgmin; this results in the following condition

VOUT = (VPU / (RL + RPU))F)'L < VOImin.

2) no misdetection when load is disconnected: in this case the Vg1 has to be higher than
VoLmax this results in the following condition Rpy < (Vpy - VoLmax) / IL(off2)-

Because Igorr) may significantly increase if Vq,, is pulled high (up to several mA), tha ull-
up resistor Rp should be connected to a supply that is switched OFF when th= medule is in
standby.

Figure 25. Open load detection in off-state

V batt. Veu
Vce
}7 3
L‘T RPU
DRVEL | | \—‘
INPUT [ + P IL(off2)
LOGIC e
% ——c
X ' ouT
STATUS H] i
R.
{+—
GROUND
i
77 777
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Application information

3.5

Note:

Maximum demagnetization energy (V¢ = 13.5V)

Figure 26. Maximum turn-off current versus load inductance

ILmMAX (A)
10 —————— ————

1 10 100 1000 10000
cind)
A = single pulse at 7 j.+,,; = 150°C
B= repetitive ; u'se. at T g = 100°C
C=repetiiive pulse at T gia = 125°C
Vi
Demagnetization Demagnetization Demagnetization
s e s
// \ - 7 // \
e g \ b 7 \ - \
s \ s A\ - g \
P \ e \ P \

Values are generated with R, = 02

In case of repetitive pulses, Tigiay (at beginning of each demagnetization) of every pulse
must not exceed the temperature specified above for curves B and C.
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Package and PCB thermal data VND810MSP

4 Package and PCB thermal data

41 PowerSO-10 thermal data

Figure 27. PowerS0O-10 PC board
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- mm D
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Note: Layout condiition of Ry, and Zy, measurements (PCB FR4 area =: £8rum x 58mm, PCB
thickness = 2mm, Cu thickness = 35um, Copper areas: from r~inimum pad lay-out to 8cnmP).

Figure 28. Ripj.amb VS PCB copper area in cpout. box free air condition
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Figure 29. Thermal impedance junction ambient single pulse
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Equation 1: pulse calcu'aiior

O+ Zripl1-9)

= Ry

Zrys

where 0 = Ip/ 87

tigure 30. Thermal fitting model of a double channel HSD in PowerSO-10
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Package and PCB thermal data VND810MSP

Table 14. Thermal parameters

Area/ island (cmz) Footprint 6
R1 (°C/W) 0.35
R2 (°C/W) 18
R3 (°C/W) 1.1
R4 (°C/W) 0.8
R5 (°C/W) 12
R6 (°C/W) 37 22
C1 (W.s/°C) 0.0001
C2 (W.s°C) 7E-04
C3 (W.s°C) 0.008 A\ " |
C4 (W.s/°C) 03 )\
C5 (W.s/°C) 0.75 \
C6 (W.s/°C) Y 5

4
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Package and packing information

5

5.1

5.2

Package and packing information

ECOPACK® packages

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.

PowerSO-10 mechanical data

Figure 31. PowerSO-10 package dimensions A"
: B
1
0 ‘
n [ (A / ‘BJH ' :
: o SEATING
T
e 1B vETALA, [l
[loas O—-+ c
‘ (°
h ‘ o \*01- ‘
| j; (V- = LLSEATING
| ;
“ EVTY P
L F :
al - AL

DETALL "A"
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Package and packing information VND810MSP
Table 15. PowerSO-10 mechanical data
mm
Dim.
Min. Typ. Max.
A 3.35 3.65
A 3.4 3.6
A1 0 0.10
B 0.40 0.60
B 0.37 0.53
C 0.35 0.555
c 0.23 002
D 9.40 9.60
D1 7.40 T 7.60
E 9.30 9.50
E2 7.20 ) 7.60
g2 7.30 \ 7.50
E4 5.90 6.10
E4(" 5.90 6.30
e - 1.27
F o 1.25 1.35
Fih 1.20 1.40
H 13.80 14.40
l“ X HM 13.85 14.35
h 0.50
L 1.20 1.80
LM 0.80 1.10
o 0° 8°
ol 2° 8°

1. Muar only POA P0O13P.
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5.3 PowerS0O-10 packing information

Figure 34. PowerSO-10 tape and reel shipment (suffix “*RB”)

Figure 32. PowerSO-10suggested Figure 33. PowerSO-10 tube shipment
pad layout (no suffix)
146-149
B CASABLANCA MUAR
108-11
630 L ¢ 7
[ |4 g
| s L
067-073 B
i u 10— 15006 4
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I 8
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S | : F 202
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Tape Hole Spacing PO (+ 0.1) 4 / TAPE \/ NV AN A
Component Spacing P 24 = — ' ! | F| ¥
Hole Diameter D(x0.1/-0)| 1.5 ? rjl u o “ R[ ' -

; ‘ v
Hole Diameter D1 (min) | 15 = i Lal L.—_-[I O/EJ i
Hole Position F(x0.05) | 11.5 P
Compartment Depth | K (max) 6.5 K User Direction of Feed
Hole Spacing P1(x0.1) 2
All dimensions are in mm. End
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cover
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Revision history

Table 16. Document revision history

Date

Revision

Changes

09-Sep-2004

1

Initial release.

03-May-2006

Current and voltage convention update (page 2).

Configuration diagram (top view) & suggested connections for unused
and n.c. pins insertion (page 2).

4 cm2 Cu condition insertion in thermal data table (page 3).

V¢ - output diode section update (page 4).

Protections note insertion (page 4).

Revision history table insertion (page 18).

Disclaimers update (page 19).

04-Dec-2008

Document reformatted and restructured.
Added contents, list of tables and figurza.
Added ECOPACK® packages informaion.
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