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VN820-E

High-side driver

Features

Type

Rps(on)

lout

VN820-E
VNB820SP-E
VN820B5-E
VN820PT-E
VN820-12-E
VN820-11-E

40 mQ

9A

36V

Datasheet — production data

NS

b
PowerS0O-10

PPAK

m ECOPACK®: lead free and RoHS compliant PENTAWATT
m Automotive Grade: compliance with AEC . 4
guidelines Description
m Very low stadby current The VN820-E is a monolithic device designed in
m CMOS compatible input STMicroelectronic's VIPower® M0-3 technology.
m On-stat n-load detection The VN820-E is intended for driving any type of
stale open-ioad deltec .o load with one side connected to ground. The
m Off-state open-load detection active V¢ pin voltage clamp protects the device
m Thermal shutdown protection and diagnosis against low energy spikes.
m Undervoltage shutdown Active current limitation combined with thermal
m Overvoltage clamp shu’Fdown and automatic rgstart protect the device
. against overload. The device detects the open-
m Output stuck to V¢ detection load condition in both on- and off-state mode. In
m Load current limitation the off-state the device detects if the output is
m Reverse battery protection shorted to V. The_device automatically turns off
o ) where the ground pin becomes disconnected.
m Electrostatic discarge protection
Table 1. Device summary
Order codes
Package
Tube Tape and reel
VN820-E
PENTAWATT VN820-12-E -
VN820-11-E
PowerSO-10 VN820SP-E VN820SPTR-E
P2PAK VN820B5-E VN820B5TR-E
PPAK VN820PT-E VN820PTTR-E
September 2013 Doc ID 10890 Rev 8 1/44
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Block diagram and pin description

Block diagram and pin description

Figure 1. Block diagram

Voo OVERVOLTAGE
CLAMP DETECTION

’7 UNDERVOLTAGE

DETECTON

N Power CLAMP 1

‘7,
\
INPUT 4@; <
\ ‘ ] output

Ej ‘ LOGIC

GND

1

| CURRENT UMITER |3

STATUS — ON-STATE OPEN-LOAD [

[ F— — DETECTION

OVERTEMPERATURE ‘
DETECTON

OFF -STATE OPEN-LOAD
AND OUTPUT SHORTED TO Vo
DETECTION

GAPGMS00084
Figure 2. Configuration diagram (top view)
e S
GROUND [CImmr—] | 6 5 T QuUTPUT OUTPUT
INPUT ] | 7 4| | = outPuT STATUS
STATUS o] | 8 Q 3| | = ouTPUT Vee
N.C. | | 9 2| | == outeut INPUT
N.C. ] |10 : 1 [T QUTPUT GND
Vee ,“ﬁ PPAK / P2PAK/ PENTAWATT
GAPGRI00279
PowerSO-10
GAPGRI00278

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 10 KQ resistor

Doc ID 10890 Rev 8 7/44
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2 Electrical specifications
Figure 3. Current and voltage conventions
Is
‘D Ve
IIN4> Vee
A INPUT
IsTAT lout
STATUS OUTPUT — Vee
GND
v I
" V. Vourt
STAT ¢ IGND
GAPGRI00165

2.1 Absolute maximum ratings

Stressing the device above the rating listed in the Table 3 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 3. Absolute maximum ratings

Value
Symbol Parameter Unit
PowerS0O-10 | PENTAWATT | P2PAK | PPAK
Vce | DC supply voltage 41 \"
-Vcc | Reverse DC supply voltage -0.3
-lgna | DC reverse ground pin current - 200 mA
lout |DC output current Internally limited A
-loyt |Reverse DC output current -9
N DC input current +/-10 mA
Istar | DC Status current +/- 10 mA

Electrostatic discharge

(human body model:
R =1.5KQ; C =100 pF)

Vesp |- INPUT 4000 v
— STATUS 4000 v
- OUTPUT 5000 v
- Vee 5000 \Y;
8/44 Doc ID 10890 Rev 8 KYI
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Electrical specifications

2.2

Table 3. Absolute maximum ratings (continued)
Value
Symbol Parameter Unit
PowerSO-10 | PENTAWATT | P2PAK | PPAK
Maximum switching energy
L=1.4mH; R =0Q;
E (  RL=09; 156 mJ
MAX | Vpat = 13.5 V; Tigiart = 150 °C;
IL=13A)
Pit | Power dissipation T¢ =25 °C 65.8 w
T; Junction operating temperature Internally limited °C
T, Case operating temperature -40to 150 °C
Tstg | Storage temperature - 5510 150 °C
Thermal data
Table 4. Thermal data
Max. value
Symbol Parameter Unit
PowerSO-10 PENTAWATT | P2PAK | PPAK
Thermalresistance °
Rihj-case junction-case 1.9 1.9 1.9 C/wW
Thermalresistance o
Rinj-tead junction-lead i i i cw
1 2 2 2) | o
. Thermalresistance 51.9( 61.9?) 51.9@) | 76.9@) | ec/w
thi-amb | junction-ambient ] 37® | 5@ | .cw
1. When mounted on a standard single-sided FR-4 board with 0.5cm? of Cu (at least 35pm thick).
2. When mounted on a standard single-sided FR-4 board with 6cm? of Cu (at least 35pm thick).
Doc ID 10890 Rev 8 9/44
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Electrical characteristics

Values specified in this section are for 8 V < Vg < 36 V; -40 °C < Tj< 150 °C, unless

otherwise stated.
Table 5. Power
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vce | Operating supply voltage 55 13 36 \Y
Vusp | Undervoltage shutdown 3 4 55 | V
Undervoltage shutdown
Vusphyst hysteresis 0.5 v
Vov | Overvoltage shutdown 36 Vv
I =3A; T;=25°C; V 8V 40 | mQ
Ron | On-state resistance out ) cc>
IOUT =3A; VCC >8V 80 mQ
Off-state; Voo =13V,
V|N=VOUT= oV 10 25 }JA
Off-state; VCC =13V,
I Supply current
S PRl V|N=VOUT= OV, Tj=25 °C 10 20 UA
On-state; VCC =13V, VIN =5V,
IOUT =0A 2 3.5 mA
IL(Off1) Off-state output current VIN = VOUT =0V 0 50 A
I ofr2y | Off-state output current | Viy=0V; Vour=3.5V -75 0 pA
V|N = VOUT= 0 V; VCC =13 V;
| Off-state output current 5 A
L(off3) utput cu T;=125°C H
V|N = VOUT= 0 V; VCC =13 V;
I ofay | Off-state output current T=25°C 3 pA
Table 6. Switching (Vgc =13 V)
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
taton) Turn-on delay time R, = 4.3 Q from V| rising edge to 30 us
Vour=13V
i . R =4.3 Qfrom V) falling edge to
ta(offy Turn-off delay time Vour=11.7V 30 ps
) R =4.3Qfrom Voyr=1.3Vto .
dVouyt/dt(ony | Turn-on voltage slope Vour=104V See Figure 21 V/us
RL=4.3erom VOUT=11.7VtO .
dVout/dt(ofry | Turn-off voltage slope Vour=1.3V See Figure 22 V/ps
Doc ID 10890 Rev 8 1S7]
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Electrical specifications

Table 7. Input pin
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vi Input low-level 1.25 \
L Low-level input current Vin=125V 1 HA
ViH Input high-level 3.25 \
IH High-level input current Vin=3.25V 10 HA
Vhyst | Input hysteresis voltage 0.5 \'
\% Input clamp voltage y=1m A 6 68 8 v
oL P pvotag I =-1m A -0.7 v
Table 8. Vcc output diode
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vg Forward on voltage -loyt=2A; Tj=150°C - - 0.6 \
Table 9. Status pin
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vgrar | Status low output voltage IsTaTr= 1.6 MA 0.5 \
I star | Status leakage current Normal operation; Vgrar =5V 10 pA
Cgstar | Status pin input capacitance | Normal operation; Vgrar =5V 100 | pF
Istar= 1M A 6 6.8 8 Vv
\ Status clamp voltage
scL pvotag lsTar = - 1m A -07 v
Table 10.  Protections(!)
Symbol Parameter Test conditions Min. Typ. Max. | Unit
Ttsp | Shutdown temperature 150 175 200 °C
TR Reset temperature 135 °C
Thyst | Thermal hysteresis 7 15 °C
Status delay in overload
'sDL | condition Ti> Tisn 20 ms
L 9V <Vec<36V 9 13 20 A
I Current limitation
fim 55V <Voe<36V 20 A
louT=3A;
Turn-off output clamp ]
Vdemag voltage Vin= 0V, Veg-41|Vee-48|Vee-55| V
L=6mH
1. 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 operates under
abnormal conditions this software must limit the duration and number of activation cycles.
Doc ID 10890 Rev 8 11/44
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Table 11. Open-load detection
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Open-load on-state _
lov detection threshold Vin=5V 70 150 1 300 | mA
Open-load on-state
tDoL(en) | getection delay lour=0A 200 Hs
Open-load off-state
VoL voltage detection ViN=0V 1.5 2.5 3.5 \'
threshold
Open-load detection
1oL (off) delay at turn-off 1000 | ps
Figure 4. Status timings
OPEN-LOAD STATUSTIMING (with external pull-up) OVERTEMP STATUS TIMING
VOUT > VOL IOUT< IOL
' [ [ ‘ ‘ [ Ti> Tish [ [
N T\ \ |/ VlN_\{ \ /S —
| \ | | \ | \
| \ \ | \ |
Vstar / \ / \ ‘
\ \ Verar / | ‘\
.l | I
| | |
toot(of) | tDoL(on ) tspL | 'ty |
GAPGMS00087
Figure 5. Switching time waveforms
Vour
90%
80%
dVour/dign dVour/dtor)
10%
» t
VN td(on) td off)
» t
GAPGMS00088
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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 <Ttsp) H
H X (Tj>Trsp) L
Overtemperature L L H
P H L L
L L X
It
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 L H
<
p oL H H L
Table 13.  Electrical transient requirements
ISO T/R Test level
7637/1
Test pulse I Il 1] v Delays and impedance
1 -25v(M) -50v(") -75v(") - 100v() 2ms, 10Q
2 +25v(M) +50v(") +75v(1) +100v() 0.2ms, 10Q
3a -25v(M) -50v(" -100v(M - 150v(") 0.1ps, 50Q
3b +25v() +50v(" +75v(" +100v(" 0.1ps, 50Q
4 -4v() -5v(1) -6V -7v) 100ms, 0.01Q
5 +26.5VD | +465vV@ | +665V@ | +86.5V@ 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.

Doc ID 10890 Rev 8 13/44
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Figure 6. Waveforms
NORMAL OPERATION
INPUT 1 [
LOAD VOLTAGE
STATUS T
UNDERVOLTAGE

Vee  — Vusoryst

" Vygep /oo 0/ - -0
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VCC
INPUT ] T
LOAD VOLTAGE =~ —/ \ A U
STATUS ,
OPEN-LOAD with external pull-up
INPUT — I
V Y/
LOAD VOLTAGE ~ ——/_ e oz
STATUS = n m
OPEN-LOAD without external pull-up
INPUT — —
LOAD VOLTAGE
STATUS —1 ] 1
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24 Electrical characteristics curves
Figure 7.  Off-state output current Figure 8. High-level input current
IL(off1) (HA) lih (uA)
5 5
4.5 45
Off state Vin=3.25V
4 Vce=36V 4
Vin=Vout=0V
3.5 35
3 3
2.5 25 \
2 2
15 15
1 1
0.5 0.5
0 0
-50 -25 0 25 50 75 100 125 150 175 -50 -25 0 25 50 75 100 125 150 175
Tc (°C) Tc (°C)
Figure 9. Input clamp voltage Figure 10. Status leakage current
Vicl (V) listat (uA)
8 0.05
7.8
lin=1mA
76 0.04
7.4 Vstat=5V
7.2 0.03
7 /
6.8 0.02
/
6.6
6.4 0.01
6.2
6 0
-50 -25 0 25 50 75 100 125 150 175 -50 -25 0 25 50 75 100 125 150 175
Tc (°C) Tc (°C)
Figure 11. Status low output voltage Figure 12. Status clamp voltage
Vstat (V) Vscl (V)
0.8 8
07 7.8
Istat=1.6mA 76 Istat=1mA
0.6
7.4
0.5
7.2
0.4 / 7 /
0.3 6.8
0.2 _— 6.6 /
6.4
0.1
6.2
0

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

-50 25 0 25 50 75 100 125 150 175
Tc (°C)
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Figure 13. On-state resistance vs Tg,qe

Figure 14. On-state resistance vs V¢¢

Ron (mOhm) Ron (mOhm)
100 100
90 90
80 lout=3A 80
Vee=8V; 13V; 36V Te= 150°C
70 70
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50 50
2 7 40 Te= 25°C
/ ‘
30 30
_— Tc= - 40°C
20 20
10 10
0 0
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Figure 15. Open-load on-state detection Figure 16. Input high-level
threshold
lol (mA) Vih (V)
150 36
140
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Figure 17.

Input low-level

Figure 18.

Input hysteresis voltage
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Figure 19. Overvoltage shutdown Figure 20. Open-load off-state voltage
detection threshold
Vov (V) Vol (V)
50 5
48 4.5
Vin=0V
46 4
44 3.5
42 PR — — 3 ] .
40 25
—
38 2
36 15
34 1
32 0.5
30 0
-50 .25 0 25 50 75 100 125 150 175 -50 -25 0 25 50 75 100 125 150 175
Tc (°C) Tc (°C)
Figure 21. Turn-on voltage slope Figure 22. Turn-off voltage slope
dVout/dt/(on) (V/ms) dVout/dt(off) (V/ms)
1000 1000
900 900
Vece=13V Vece=13V

800 RI:cg.SOhm 800 m:c:.sonm
700 700
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400 400
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0

0
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Figure 23.
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3.1.1
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Application information

Figure 24. Application schematic

+5V +5V

uC

GAPGMS00107

GND protection network against reverse battery

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

This can be used with any type of load.

The following is an indication on how to set a dimension the Rgpp resistor.
1. Rgnp <600 mV / (Is(onymax)-

2. Ranp 2(-Vee) / (- lanp)

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 Rgyp (When V¢ < 0: during reverse battery situations) is:
Po= (- 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 Iggnmax becomes the sum of the
maximum on-state currents of the different devices.

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

If the calculated power dissipation leads to a large resistor or several devices have to share
the same resistor then ST suggests to utilize Solution 2 (see below).

Doc ID 10890 Rev 8 KYI




VN820-E Application information
3.1.2 Solution 2: diode (Dgnp) in the ground line
A resistor (Rgnp = 1k€) should be inserted in parallel to Dgyp if the device drives an
inductive load.
This small signal diode can be safely shared amongst several different HSDs. Also in this
case, the presence of the ground network produces a shift (=600 mV) in the input threshold
and in the status output values if the microprocessor ground is not common to the device
ground. This shift not varies if more than one HSD shares the same diode/resistor network.
Series resistor in INPUT and STATUS lines are also required to prevent that, during battery
voltage transient, the current exceeds the absolute maximum rating.
The safest configuration for unused INPUT and STATUS pin is to leave them unconnected.
3.2 Load dump protection
D4 is necessary (Voltage Transient Suppressor) if the load dump peak voltage exceeds the
Ve max DC rating. The same applies if the device is subject to transients on the V¢ line
that are greater than the ones shown in the ISO 7637-2: 2004(E) table.
3.3 MCU 1/Os protection
If a ground protection network is used and negative transients are present on the V¢ line,
the control pins are pulled negative. ST suggests to insert a resistor (Rprot) in line to prevent
the microcontroller 1/0Os pins from latching-up.
The value of these resistors is a compromise between the leakage current of microcontroller
and the current required by the HSD 1/Os (Input levels compatibility) with the latch-up limit of
uC 1/Os.
-Veepeak/llatchup < Rprot < (Voruc-ViH-VanD) / liHmax
Calculation example:
For VCCpeak: -100 V and Ilatchup >20 mA; VOHUC >45V
5 KQ < Rpot < 65 kQ.
Recommended values: Ryt =10 kQ .
3.4 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 +5 V 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
Vour to be higher than Vg min; this results in the following condition
Vout = (Vey/ (RL+Rpy)) RL < Vomin:

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) / L(off2)-
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Because IgoFr) may significantly increase if V¢ is pulled high (up to several mA), the pull-
up resistor Rpy should be connected to a supply that is switched off when the module is in

standby.

The values of Vg min, VoLmax @nd I ofr2) are available in the electrical characteristics

section.

Figure 25. Open-load detection in off-state

V batt.

INPUT [}

STATUS [

|L(off2)
-

RPU

ri
L

GROUND

ouT

&f

GAPGMS00108

Doc ID 10890 Rev 8

4




VN820-E

Application information

3.5

Note:

PowerS0-10, P2PAK, PPAK, PENTAWATT maximum
demagnetization energy (V¢ = 13.5V)

Figure 26. PowerSO-10, P2PAK, PPAK, PENTAWATT maximum turn-off current
versus inductance
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Values are generated with R = 0 Q. In case of repetitive pulses, Tjs.¢ (at beginning of each
demagnetization) of every pulse must not exceed the temperature specified above for
curves A and B.
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4 Package and PCB thermal data

4.1 P2PAK thermal data

Figure 27. P2?PAK PC board
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Note: Layout condition of Ry, and Zy, measurements (PCB FR4 area = 60 mm x 60 mm, PCB
thickness = 2 mm, Cu thickness = 35 um , Copper areas: 0.97 cm?, 8 cm?).

Figure 28. P2PAK Rihj-amb VS PCB copper area in open box free air conditions
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Package and PCB thermal data

Figure 29. P2PAK thermal impedance junction ambient single pulse
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Equation 1: pulse calculation formula
Z1Hs = RrH 3+ Zrppp(1-9)
where & = tp/T
Figure 30. Thermal fitting model of a single channel HSD in P2PAK
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Package and PCB thermal data VN820-E
Table 14. P2PAK thermal parameters

Area/island (cm?) 0.97 6
R1 (°C/W) 0.04
R2 (°C/W) 0.25
R3 (°C/W) 0.3
R4 (°C/W) 4
R5 (°C/W) 9
R6 (°C/W) 37 22
C1 (W-s/°C) 0.0008
C2 (W-s/°C) 0.007
C3 (W-s/°C) 0.015
C4 (W-s/°C) 0.4
C5 (W-s/°C) 2
C6 (W-s/°C) 3 5
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VN820-E Package and PCB thermal data

4.2 PPAK thermal data

Figure 31. PPAK PC board

GAPGRI00172

Note: Layout condition of Ry, and Zy, measurements (PCB FR4 area = 60 mm x 60 mm, PCB
thickness = 2 mm, Cu thickness=35 um , Copper areas: 0.44 cm?, 8 cmP ).

Figure 32. PPAK Ryhi.amb VS PCB copper area in open box free air conditions

RTHj_amb (°C/W)

90
80 1\
70 \\
60

50
40
30
20

10
0

0 2 4 6 8 10
PCB Cu heatsink area (cm*2)

GAPGRI00173

KYI Doc ID 10890 Rev 8 25/44




	Contact us
	Table 1. Device summary
	1 Block diagram and pin description
	Figure 1. Block diagram
	Figure 2. Configuration diagram (top view)
	Table 2. Suggested connections for unused and not connected pins

	2 Electrical specifications
	Figure 3. Current and voltage conventions
	2.1 Absolute maximum ratings
	Table 3. Absolute maximum ratings

	2.2 Thermal data
	Table 4. Thermal data

	2.3 Electrical characteristics
	Table 5. Power
	Table 6. Switching (VCC = 13 V)
	Table 7. Input pin
	Table 8. VCC output diode
	Table 9. Status pin
	Table 10. Protections
	Table 11. Open-load detection
	Figure 4. Status timings
	Figure 5. Switching time waveforms
	Table 12. Truth table
	Table 13. Electrical transient requirements
	Figure 6. Waveforms

	2.4 Electrical characteristics curves
	Figure 7. Off-state output current
	Figure 8. High-level input current
	Figure 9. Input clamp voltage
	Figure 10. Status leakage current
	Figure 11. Status low output voltage
	Figure 12. Status clamp voltage
	Figure 13. On-state resistance vs Tcase
	Figure 14. On-state resistance vs VCC
	Figure 15. Open-load on-state detection threshold
	Figure 16. Input high-level
	Figure 17. Input low-level
	Figure 18. Input hysteresis voltage
	Figure 19. Overvoltage shutdown
	Figure 20. Open-load off-state voltage detection threshold
	Figure 21. Turn-on voltage slope
	Figure 22. Turn-off voltage slope
	Figure 23. Ilim vs Tcase


	3 Application information
	Figure 24. Application schematic
	3.1 GND protection network against reverse battery
	3.1.1 Solution 1: resistor in the ground line (RGND only)
	3.1.2 Solution 2: diode (DGND) in the ground line

	3.2 Load dump protection
	3.3 MCU I/Os protection
	3.4 Open-load detection in off-state
	Figure 25. Open-load detection in off-state

	3.5 PowerSO-10, P2PAK, PPAK, PENTAWATT maximum demagnetization energy (VCC = 13.5V)
	Figure 26. PowerSO-10, P2PAK, PPAK, PENTAWATT maximum turn-off current versus inductance


	4 Package and PCB thermal data
	4.1 P2PAK thermal data
	Figure 27. P2PAK PC board
	Figure 28. P2PAK Rthj-amb vs PCB copper area in open box free air conditions
	Figure 29. P2PAK thermal impedance junction ambient single pulse
	Figure 30. Thermal fitting model of a single channel HSD in P2PAK
	Table 14. P2PAK thermal parameters



