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NovalithIC™ Lite - smart integrated half-bridge

Features
+  Low-side and high-side switch in half-bridge configuration with diagnosis and
embedded protection a RoHS

«  Part of NovalithIC™ family o

«  Switch ON capability while inverse current condition (InverseON) ?5"—?

«  Green product (RoHS compliant) AEGC e

Protection features

+  Temperature limitation with intelligent latch

«  Overcurrent protection (tripping) with intelligent latch for both the low-side and
high-side output stage

+ Undervoltage shutdown

«  Cross current protection

Diagnostic features

«  Proportional load current sense for high-side load currents

« Open load in ON and OFF state

+  Shortcircuit to ground or battery

Potential applications

«  Replaces electromechanical relays, fuses and discrete circuits
+  Suitable for driving motors and solenoids of a max. inductance of 3 mH at maximal current

«  Temperature dependent overload detection current level with min. 17 A (T; <75°C), min. 15A (T, =125°C)
and min. 14 A (T, =150°C)
+  Current sense diagnosis optimized for motor and solenoid applications
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Figure 1 Potential application
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Description

Description

The BTN7030-1EPA is a protected half-bridge with integrated driver, providing protection and diagnosis

functions. The device is integrated in SMART7 technology.

Table 1 Product Summary

Parameter Symbol Values
Minimum operating voltage (at switch ON) Vs(op) 3.8V
Minimum operating voltage (cranking) Vs(uv) 3.5V
Maximum operating voltage Vs 28V
Minimum overvoltage protection (T, = 25°C) Vbs(cLAMP) 25 35V
Maximum current in sleep mode (T, < 85°C) Iys(sLEEP)_85_stdy 3 A
Maximum operative current IGND(ACTIVE) 5mA
Maximum ON-state resistance (T; = 150°C) high-side Rbs(on)_150(HS) 25.5 mQ
Maximum ON-state resistance (T; = 150°C) low-side Rps(on)_150(Ls) 36.5 mQ
Min. overload detection current at T; < 75°C IL(ovLo)_-40(HS) 17A
Min. overload detection current at T;=125°C IL(ovL0)_125(Hs) 15A
Min. overload detection current at T, = 150°C IL(ovL0)_150(HS) 14 A
Typical current sense ratio at /| =/ (yowm) kius 4300
Nominal load current It (Nnowm) TA

Product validation

Qualified for automotive applications.
Product validation according to AEC-Q100.
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Block diagram and terms

1 Block diagram and terms

infineon

I

Supply Voltage
Supervision

Internal Power Supply

Intelligent Latch

driver
logic

SENSE output

ESD
Protection
+

Input logic

- +

LS Gate Control

<—| Voltage Sensor

<7

HS Over
Temperature

HS Gate Control|

Chargepump

HS Over Current I

Over Voltage
Clamping |
NP

Protection
i ]

Load Current Sense

L]

Output Voltage Limitation

LS Over
Temperature

le—¢—— D our

A

hd L €

| S— —
Over Voltage
Clamping | #
» [P

LS Over Current
Protection

GND

Figure 2

1.1

Figure 3 shows all terms used in this data sheet, with associated convention for positive values.
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2 Pin configuration
ne. 1@ 1411 GND
EN 1|2 | 1311 GND
DEN [T|3 ‘127177 GND
IS CI 4 vS 1111 nec
ne. 1|5 ‘10T ouT
IN Tl . -9 1 out
ne. CT|7 exposed pad (bottom) - g T out
Figure 4 Pin configuration
2.1 Pin definitions and functions
Table 2 Pin Definition
Pin Symbol Function
EP VS (exposed pad) |Supply Voltage
Battery voltage
2 EN Enable
Digital signal to enable the normal operational mode (active mode) of
the BTN7030-1EPA and to clear the protection latch
3 DEN Diagnostic Enable
Digital signal to enable device diagnosis ("high" active) and to clear
the protection latch
If not used: connect to GND pin or to module ground with a 10 kQ
resistor
4 IS SENSE current output
Analog/digital signal for diagnosis If not used: left open
6 IN Input
Digital signal to switch ON either the low-side or high-side output
stage of the half-bridge
8-10 ouT Output
Protected half-bridge power output )
12-14 GND Ground
Signal ground and ground connection for the low-side switch 1)
1,5,7,11 n.c. Not connected, internally not bonded

1) All output pins of the channel must be connected together on the PCB. All pins of the output are internally
connected together. PCB traces have to be designed to withstand the maximum current which can flow.

Datasheet
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3 Absolute maximum ratings
3.1 Absolute maximum ratings
Table 3 Absolute maximum ratings

T;=-40°C to +150°C; all voltages with respect to ground, positive current flowing into pin (unless otherwise
specified); all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Not subject to production test - specified by design.

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
Supply pins
Power supply voltage Vs -0.3 - 28 Y - PRQ-6
Load dump voltage VBAT(LD) - - 35 v Suppressed Load PRQ-8
Dump acc. to
ISO16750-2 (2010).
R=20Q
Supply voltage for short VBaT(sc) 0 - 24 v Setup acc. to AEC- PRQ-9
circuit protection Q100-012
Current through DI pin Iy -1 - 2 mA | PRQ-25
IS pin
Voltage at IS pin Vis -1.5 - Vs v lis= 10 pA PRQ-26
Current through IS pin Iis -25 - lsFauL [MA |- PRQ-28
T),MAX
Temperatures
Junction temperature T, -40 - 150 °C |- PRQ-29
Storage temperature Tst6 -55 - 150 °C |- PRQ-30
ESD Susceptibility
ESD susceptibility all pins Vesp(HBM) 2 - 2 kv |HBM? PRQ-31
(HBM)
ESD SUSC@ptlblllty OUT vs VESD(HBM)_OUT -4 - 4 kv HBM 2) PRQ-32
GND and VS connected (HBM)
ESD susceptibility all pins Vesp(com) -500 |- 500 v cbM 3 PRQ-34
(CDM)
ESD susceptibility corner pins | Vespcom) crn [-750 | - 750 v pins 1,7, 8, 14 PRQ-35
(CDM) cbm?)
Power stages - 12 mQ high-side
Load current, high-side I |ms) - - Iowy, |A - PRQ-39
switch MAX

Power stages - 20 mQ low-side

(table continues...)
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Table 3 (continued) Absolute maximum ratings

T,=-40°C to +150°C; all voltages with respect to ground, positive current flowing into pin (unless otherwise
specified); all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Not subject to production test - specified by design.

Parameter Symbol Values Unit | Note or condition P-Number

Min. | Typ. | Max.

Load current, low-side switch | |/|(.s) - - Iowy, |A - PRQ-42
MAX

1)  Maximum Vp, to be considered for latch-up tests: 5.5V
2)  ESD susceptibility, HBM according to ANSI/ESDA/JEDEC JS001 (1.5 kQ, 100 pF)
3)  ESD susceptibility, Charged Device Model "CDM" according JEDEC JESD22-C101

+  Stresses above the ones listed here may cause permanent damage to the device. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

+ Integrated protection functions are designed to prevent IC destruction under fault conditions described in
the data sheet. Fault conditions are considered as “outside” normal operating range. Protection functions
are not designed for continuous repetitive operation.

3.2 Functional range

Table 4 Functional range
Not subject to production test - specified by design.

Parameter Symbol Values Unit | Note or condition P-Number

Min. | Typ. | Max.

Supply voltage range for Vs(NoR) 6 135 18 v - PRQ-43
normal operation
Lower extended supply Vs(ext,Low) 3.5 - 6 v 1) PRQ-44
voltage range for operation 2)
parameter deviations
possible
Upper extended supply Vs(extup) 18 - 28 v 1) PRQ-45
voltage range for operation parameter deviations
possible

1)  Protection functions still operative
2)  Incase of Vs voltage decreasing: VsexrLow),min = 3.5 V. In case of Vs voltage increasing: Vsexr,Low),min = 3.8 V

Note: Within the functional or operating range, the IC operates as described in the circuit description. The
electrical characteristics are specified within the conditions given in the Electrical Characteristics
table.

3.3 Thermal resistance

This thermal data was generated in accordance with JEDEC JESD51 standards. For more information, go to
www.jedec.org.

Datasheet 8 1.2
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Table 5 Thermal resistance
Not subject to production test - specified by design.

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.

Thermal resistance junction- | Ripjc(ns) - 2.7 4.3 K/w |2 PRQ-48

to-case, high-side switch

Thermal resistance junction- | Rinjc(s) - 0.95 1.5 K/w | PRQ-540

to-case, low-side switch

Thermal resistance junction | Ripjans) - 36 - K/w | PRQ-49

to ambient, high-side switch

Thermal resistance junction | Ripja(Ls) - 325 |- K/wW |2 PRQ-529

to ambient, low-side switch

1)  According to Jedec JESD51-2,-5,-7 at natural convection on FR4 2s2p board; the Product (Chip + Package)
was simulated on a 76.2 x 114.3 x 1.5 mm board with two inner copper layers (2 x 70 um Cu, 2 X 35 um
Cu). Where applicable a thermal via array under the exposed pad contacted the first inner copper layer.
Simulation done at Tpyg = 105°C and Pgjssipation = 1 W.

125
——LSS/600mm?
r —— HSS /600mm?
100 -+
r ——LSS/300mm?
—— HSS/300mm?
[Cha LSS/ footprint
§ HSS / footprint
z LSS/ 252
N /2s2p
I HSS /2s2p /__/
25 + //
[ ==
0 : R T ; : 1 | || Lddid Ly Ly Ly Ly
0,000001 0,00001  0,0001 0,001 0,01 0,1 1 10 100 1000 10000
Time [s]
Figure 5 Typical thermal impedance for T, pient = 85°C; Simulation with 1 W of power
dissipation
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Logic pins

4 Logic pins

The device has 3 digital pins for direct control of the device.

The logic thresholds for "low" and "high" states are defined by parameters Vp 1) and Vp(uys). The relationship
between these two values is shown in Figure 6. The voltage V| needed to ensure an "high" state is always
higher than the voltage needed to ensure a "low" state. The digital input pins are compatible with3.3Vand 5V
micro-controllers.

VoI A

Vbi(TH),MAX

Vbi(tH) 'y
, Vbi(Hys)

Vbi(TH),MIN

\4

t
A
Int(_erna!l cha.nnel 0 y 1 » 0
activation signal t>
Figure 6 Input Threshold voltages and hysteresis
4.1 Input pin (IN)

The input pin IN activates either the low-side or the high-side output stage, in case the enable pin EN is set to
"high" and no fault is present.

4.2 Enable pin (EN)

The Enable (EN) pin activates the device. When EN pin is set to "high", the device is in Active mode. When it is set
to "low", the device goes into Sleep mode, with the output stage set to tri-state (low-side and high-side switches
are set OFF). The protection latch is cleared by a "low" signal with a minimum length of tpg  ay( ) at the EN pin.

4.3 Diagnosis Enable pin (DEN)

The Diagnosis Enable (DEN) pin controls the diagnosis circuitry and the protection circuitry. When DEN pin is set
to "high", the diagnosis is enabled (see Chapter 8.2 for more details). When it is set to "low", the diagnosis is
disabled (IS pin is set to high impedance).

The transition from "high" to "low" of DEN pin clears the protection latch of the channel depending on the logic
state of EN pin and DEN pulse length (see Chapter 7.3 for more details).

Datasheet 10 1.2
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Logic pins
4.4 Electrical characteristics logic pins
Table 6 Electrical characteristics logic pins

Vs=6Vto 18V, T;=-40°C to +150°C; Typical values: Vs = 13.5V, T, = 25°C; Digital Input (DI) pins = IN, DEN, EN; all
voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.

Digital input voltage Vbi(tH) 0.8 |13 |2 v See Figure 6 PRQ-52

threshold

Digital input clamping VbiccLampy) - 7 - Vv 1) PRQ-53

voltage Ip;=1mA

Digital input clamping Vbi(cLamp2) 65 |75 |85 |V Ipi=2 mA PRQ-54

voltage

Digital input hysteresis Voigys) - 0.25 |- Vv 1) PRQ-56

See Figure 6
Digital input current ("high") |/pin) 2 10 |25 WA Voi=2V PRQ-57
Digital input current ("low") | /p 2 10 |25 UA Vpi=0.8V PRQ-58

1) Not subject to production test - specified by design

Datasheet 11 1.2
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Power supply

5 Power supply

The BTN7030-1EPA is supplied by Vs, which is used for the internal logic as well as supply for the power output
stage. V5 has an undervoltage detection circuit, which prevents the activation of the power output stage and
diagnosis in case the applied voltage is below the undervoltage threshold.

5.1 Operation modes

BTN7030-1EPA has three operation modes, with the transition between the operation modes is determined
according to these variables:

+ logiclevel at EN pin

+ logiclevel at DEN pin

The state diagram including the operation modes and the possible transitions is shown in Figure 7. The
behavior of BTN7030-1EPA as well as some parameters may change in dependence from the operation mode of
the device. Furthermore, due to the undervoltage detection circuitry which monitors Vg supply voltage, some
changes within the same operation mode can be seen accordingly. In case of a fault, the BTN7030-1EPA will not
go into sleep mode, unitl the latch is cleared.

P -
Unsupplied ey
Vs > Vs(op)
= high« y EN=,low"
EN = high —&DEN = Jow*
.| Sleep
EN=,low“ d EN =,,lovs_/“ &
&DEN =, low* DEN = ,high*
- \ 4 L EN= hight v
7l Active |7 .| Stand-by
- T EN=,low"“ ”
DEN = high & DEN = ,high®
DEN = ,low*
Figure 7 Operation mode state diagram
5.1.1 Unsupplied

In this state, the device is either unsupplied (no voltage applied to VS pin) or the supply voltage is below the
undervoltage threshold.

5.1.2 Power-up

The Power-up condition is entered when the supply voltage (Vs) is applied to the device. The supply is rising
until it is above the undervoltage threshold Vsop) therefore the internal power-on signals are set.

5.1.3 Sleep mode

The device is in Sleep mode when all Digital Input pins (IN, DEN, EN) are set to "low". When BTN7030-1EPA is
in Sleep mode, both high-side and low-side power stages are OFF. The current consumption is minimum (see

Datasheet 12 1.2
2021-06-24



o~ _.
BTN7030-1EPA Infineon
NovalithIC™ Lite - smart integrated half-bridge

Power supply

parameter lys(s eep) ss_stdy)- NO Overtemperature or Overload protection mechanism is active when the device is
in Sleep mode, only the InverseON protection for the low-side power output stage is active (see Chapter 6.3.1
for further details). In case of activation, the current consumption of the device is increased.The device can go in
Sleep mode only if the protection is not active (latch = 0, see Chapter 7.3.1 for further details).

5.14 Stand-by mode

The device is in Stand-by mode as long as DEN pin is set to "high" while the EN pin is set to "low". Both the
high-side and low-side power stages are OFF, therefore only Open Load in OFF diagnosis is possible. Depending
on the load condition, either a fault current /;ggay 1) Or an Open Load in OFF current / ;5o orr) may be present at
IS pin. In such a situation, the current consumption of the device is increased.

5.2 Undervoltage on VS

Between Vsop) and Vs(yy) the undervoltage mechanism is triggered. If the device is operative (in Active mode)
and the supply voltage drops below the undervoltage threshold Vsyy), the internal logic switches OFF the
output channel.

As soon as the supply voltage Vs is above the operative threshold Vsop), the channel is switched ON again with a
hysteresis of Vgys).

5.3 Electrical characteristics power supply

Table 7 Electrical characteristics power supply

Vs=6Vto 18V, T,=-40°C to +150°C; Typical values: Vg =13.5V, T; = 25°C

Typical resistive load connected to the output for testing (unless otherwise specified): Rjgaq =3.3 Q
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number

Min. | Typ. | Max.

Power supply undervoltage | Vsyy) 1.8 |27 |35 |V Vs decreasing PRQ-63
shutdown EN = "high"

From VDS <0.5Vto

Vps = Vs
Power supply minimum Vs(op) 20 |3.0 |38 |V Vs increasing PRQ-65
operating voltage EN ="high"

From Vps = Vs to

VDS <0.5V
Power supply undervoltage | Vsys) - 03 |- v 1) PRQ-67
shutdown hysteresis Vs(op) - Vsuv)
Power supply current IS(SLEEP) 85 stdy |- 0.01 |3 HA 1) PRQ-70
consumption in sleep mode Vs=18V
with loads at TJ < 85°C after EN = IN = DEN = “low”
settling time :

OUT = “floating”

steady state

TJ <85°C
(table continues...)
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Table 7 (continued) Electrical characteristics power supply

Vs=6Vto 18V, T,=-40°C to +150°C; Typical values: Vg=13.5V, T; = 25°C

Typical resistive load connected to the output for testing (unless otherwise specified): Rjgaq =3.3 Q
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.

Power supply current Ivs(sLEEP)_150_stdy |- 8 20 pA 1) PRQ-72

consumption in sleep mode Vs=18V

with loads at TJ = 150°C

after settling time EN=IN=DEN = “low

OUT = “floating”

steady state

T,=150°C
Operating current in active | Ignp(acTive) - 2 5 mA Vs=18V PRQ-73
mode (GND) EN=IN=DEN ="high"
Operating current in active | lysacTive) - 2 5 mA Vs=18V PRQ-74
mode (VS) IN = "low"

EN = DEN = "high"
fault-latch #0

Operating currentin stand- | /Ignp(sTay) - 1.2 |18 |mA Vs=18VEN=IN= PRQ-76
by mode/OLOFF "low"

DEN = "high"
Operating current during Iys(invoN)(Ls) - - 5 mA Vs=6V PRQ-77
lovy—sm!e inverseON I.=-200 mA

1)  Notsubject to production test - specified by design
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Power stages

6 Power stages

The high-side power stage is built using a N-channel vertical Power MOSFET with charge pump, while the
low-side power stage uses no charge pump.

6.1 Output ON-state resistance

The ON-state resistance Rps(on) depends mainly on junction temperature T . Figure 8 shows the variation of
Rps(on) across the whole T, range. The value "2" on the y-axis corresponds to the maximum Rps(on) measured
at TJ =150°C.

High-Side Switch Low-Side Switch
2 — — 24 2 — — 40
L 1,75 4— — 21 »  L75 +— —+ 35
S o
S _ g
"E G L5 +— —74- 18 % EG 15 +— —74— 30
28 /| S8R o =
s N & = —
® @125 +— —+ 15 2 2 @ 125 — —+ 25 3
s 3 // 5 &3 > H
> 5 14— — 12 7 > 2 14— — 20 7
22 1T : i T 1
& T 075 —9 2 ot T 075 A —+ 15 2
35 B g
w05 +— — 6 "L 05 +— —+ 10 8
& 2
.20 °
£ 025 +— —+ 3 = 025 +— —t+ 5
em— V0. e t\/D.
0 0 0 0
40 0 40 80 120 160 40 0 40 80 120 160
junction Temperature (°C) junction Temperature (°C)
Figure 8 Typical Rpg(on) Vs. junction temperature for low-side and high-side output stage
6.2 Switching loads
6.2.1 Switching times

When switching resistive loads, the switching times and slew rates shown in Figure 9 and Figure 10 can be
considered. The switch energy values Eqyxs) and Eorr(xs) are proportional to the load resistance and times

ton(xs) and torr(xs)-
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Power stages
IN
ViN(TH) \
‘VI VIN(HYS)
t
Vour
ton(Hs)
90% of Vs EDOFF(HS) \
70% of Vs P 3 70% of Vs
/ (dV/dt)ones) (dv/dt)orrHs)
30% of Vs — 30% of Vs
tDON(HS) toFF(HsS)
10% of Vs t
Pbmos(Hs)
EoN(Hs) — Eorr(ns)
/ \ t
Figure 9 Switching a resistive load to ground (high-side), for EN="high"
IN
Vin(TH) \
‘ I VIN(HYS)
t
Vout
toFF(Ls)
90% of Vs TooN(Ls)
70% of Vs . 30% of Vs
\ (dV/dt)oniLs) (dv/dt)orr(s)
30% of Vs S 2 [0% of Vs
ton(Ls) tDOFF(LS) /
10% of Vs t
Pomos(Ls)
Eons) — EoFF(Ls)
/ \ t
Figure 10 Switching a resistive load to supply voltage (low-side), for EN=""high"
6.2.2 Output voltage limitation

To increase the current sense accuracy of the high-side output stage, Vps voltage is monitored.
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Power stages

When the output current /| decreases while the channel is diagnosed (DEN pin set to "high" - see Figure 11)
bringing Vps equal or lower than Vps(s c)(Hs), the output DMOS gate is partially discharged. This increases the
output resistance so that Vpg = Vbs(sLo)(Hs) even for very small output currents.

ENT
IN >
t
DENT
tsis(on) tsis(oFF) t'
I
S >
Vs A t
Vs
VDs(sLc)(Hs)
t
Figure 11 Output voltage limitation activation during diagnosis, with EN="high"

The Vps increase allows the current sensing circuitry to work more efficiently, providing better ks accuracy for
output current in the low range.

6.3 Advanced switching characteristics

6.3.1 Inverse current behavior for the high-side switch

When Voyrt > Vs, a current [y flows into the high-side power output transistor (see Figure 12). Similar for Voyt
<GND (0 V), a current /;yy flows into the low-side power output transistor. This condition is known as "Inverse
Current".

If the channel is in OFF- state, the current flows through the intrinsic body diode generating high power losses
therefore an increase of overall device temperature. If the channelis in ON- state, Rps(ny) can be expected and
power dissipation in the output stage is comparable to normal operation in Rpg(on).

With InverseON, it is possible to switch ON or OFF the high-side power output channel during inverse current
condition.

Datasheet 17 1.2
2021-06-24



BTN7030-1EPA iﬁn eon

NovalithIC™ Lite - smart integrated half-bridge

Power stages
* (BTN U
T = | ZTF H} ‘ It LR
s = “17’ -
ﬁ} ‘V::,t;,
Figure 12 Inverse current circuitry for low-side and high-side
6.3.2 Inverse current behavior for the low-side switch

With InverseON, the low-side power output channel is activated under all operational conditions for Vot <
Vinv(Ls), also in case of any fault to protect the low-side power output transistor.

The circuitry is active in any operational condition, fault condition, stand-by or sleep mode.

The power supply consumption for voltage monitoring, without activation of the power output stage, is
included in Table 7. In case of activation of the low-side power output stage, when switched on by the
protection circuitry, an operating supply current of lys nvon)(Ls) is required during activation.

When Vgyr is small again, the low-side output-stage is switched according to the EN and IN pin.

Note: No protection mechanism like Overtemperature or Overload protection is active during applied
Inverse Currents for both low-side and high-side output transistor.

6.4 Electrical characteristics power stages

Table 8 Electrical characteristics power stages switching
T;=-40°C to +150°C; Rjoaq = 3.3 Q, single pulse,
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.

High-side switch timings
Switch-ON delay, high-side | tpon(ns) 30 60 110 |us |Vg=13.5V PRQ-146
switch Vour=10% Vs

See Figure 9
Switch-OFF delay, high-side | tporr(Hs) 10 33 60 us | Vs=13.5V PRQ-147
switch Vour = 90% Vs

See Figure 9
Switch-ON time, high-side | tonus) 45 85 135 |us | Vg=13.5V PRQ-148
switch Vour = 90% Vs

See Figure 9

(table continues...)
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Table 8 (continued) Electrical characteristics power stages switching
T, =-40°C to +150°C; Rjoaq = 3.3 Q, single pulse,
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number

Min. | Typ. | Max.

Switch-OFF time, high-side | topr(ns) 25 55 82 us |Vg=13.5V PRQ-149
switch Vour = 10% Vs

See Figure 9
Switch-ON/OFF matching | Atsy(ns) 0 35 70 us | Vs=135V PRQ-150
tON-tOFF, high-side switch See Figure 9
Blank time between tBLANK(HS-LS) - 20 - us | Vs=13.5V PRQ-528

switches activation HS to LS
(to avoid cross-current)

Low-side switch timings

Switch-ON delay, low-side | tpon(Ls) 50 90 130 |us |Vg=13.5V PRQ-151
switch Vour = 90% Vs

See Figure 10
Switch-OFF delay, low-side | tporr(Ls) 10 33 60 us | Vs=135V PRQ-152
switch Vour = 10% Vs

See Figure 10
Switch-ON time, low-side ton(Ls) 70 115 160 |us |Vs=13.5V PRQ-153
switch Vour = 10% Vs

See Figure 10
Switch-OFF time, low-side | torr(Ls) 25 55 85 us | Vs=13.5V PRQ-154
switch Vour = 90% Vs

See Figure 10
Switch-ON/OFF matching | Atsws) 25 60 95 us | Vs=13.5V PRQ-155
tON-tOFF, low-side switch See Figure 10
Blank time between tBLANK(LS-HS) - 40 - us | Vs=13.5V PRQ-156

switches activation LS to HS
(to avoid cross-current)

High-side switch voltage slope

Switch-ON slew rate, high- | (dV/dt)onus) 0.35 |06 |0.9 |V/us |Vg=13.5V PRQ-157
side switch Vout = 30% to 70% of Vs
Switch-OFF slew rate, high- | -(dV/dt)orr(ns) 0.35 |0.6 [0.9 |V/us |Vs=13.5V PRQ-158
side switch Vout = 70% to 30% of Vs

Low-side switch voltage slope

Switch-ON slew rate, low- | -(dV/dt)onLs) 035 [0.6 [0.9 |V/us |Vs=13.5V PRQ-160
side switch Vout = 70% to 30% of Vs
Switch-OFF slew rate, low- | (dV/dt)orrs) 035 |0.6 [0.9 |V/us |Vs=13.5V PRQ-161
side switch Vour = 30% to 70% of Vs

High-side voltages
(table continues...)
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Table 8 (continued) Electrical characteristics power stages switching
T, =-40°C to +150°C; Rjoaq = 3.3 Q, single pulse,
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.

Output voltage drop Vbs(sL)(Hs) 2 7 18 mV | lout =lout(or) =20 MA | PRQ-163

limitation at small load IN=DEN=EN="high"

currents

Table 9 Electrical characteristics - power output stages

Vs=6Vto 18V, T,;=-40°C to +150°C; Typical values: Vg=13.5V, T, =25°C
Typical resistive load connected to the output for testing (unless otherwise specified): Rjgaq =3.3 Q
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number

Min. | Typ. | Max.

12 mQ high-side

Output characteristics

ON-state resistance at T = | Rps(on) 25(Hs) - 12 - mQ |2 PRQ-164
25°C, high-side switch T,=25°C
ON-state resistance at TJ= | Rps(on) 150(HS) - - 255 'mQ |T,=150°C PRQ-165
150°C, high-side switch
ON-state resistance in Rps(iNv)_150(HS) - - 26 mQ | T,=150°C PRQ-168
150°C, high-sde switch v

L=-4A

See Figure 12
Output leakage currentat |/ (orF)_gs(Hs) - 0.01 |1 pA |2 PRQ-169
TJ = 85°C, high-side switch Vour =0V

EN ="low"

Tp=<85°C
Output leakage currentat |/ orr) 150(Hs) - 16 |43 WA | Vour=0V PRQ-170
TJ =150°C, high-side switch EN = "low"

Ta=150°C
Voltages
Drain source diode voltage | |Vpspiopg) -aoms)| |- 800 |- mv |¥ PRQ-536
at-40°C, high-side switch I, =-190 mA

T,=-40°C
Drain source diode voltage | |Vpspiopg) 25ms)| |- 700 |- mv |2 PRQ-537
at 25°C, high-side switch I, =-190 mA

T,=25°C
Drain source diode voltage | |Vpspiope) 150(Hs)| |- 500 |650 |mV |/ =-190 mA PRQ-172
at 150°C, high-side switch T,=150°C

Switching energy
(table continues...)
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Table 9

Vs=6Vto 18V, T,=-40°C to +150°C; Typical values: Vg=13.5V, T; = 25°C
Typical resistive load connected to the output for testing (unless otherwise specified): Rjgaq =3.3 Q
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

(continued) Electrical characteristics - power output stages

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.

Switch-ON energy, high- EoN(Hs) - 0.44 |- mJ |2 PRQ-173
side switch Vs=18V

See Figure 9
Switch-OFF energy, high- | Eoprus) - 0.49 |- mJ | PRQ-174
side switch Vs=18V

See Figure 9
20 mQ low-side
Output characteristics
ON-state resistance at U= | Rps(on)_25(Ls) - 20 |- mQ [ T,=25C PRQ-175
25°C, low-side switch
ON-state resistance at TJ= | Rps(on)_150(LS) - - 365 'mQ |T,=150°C PRQ-176
150°C, low-side switch
ON-state resistance in Rps(nv)_150(Ls) - - 40 mQ | T7,=150°C PRQ-179
inverse currentat TJ = Vs=13.5V
150°C, low-side switch IL=-4A

See Figure 12
Output leakage currentat |/ orr) ss(Ls) - 0.05 |5 pHA | PRQ-190
TJ = 85°C, low-side switch Vour = Vs

EN="low"

To<85°C
Output leakage currentat |/ orF) 150(Ls) - p) 117 |pA | Vour=VsEN="low" T4 |PRQ-181
TJ =150°C, low-side switch =150°C
Voltages
Drain source diode voltage | |Vpspiopg) -aos)| |- 600 |- mv |¥ PRQ-539
at -40°C, low-side switch I, =-190 mA

T,=-40°C
Drain source diode voltage | |Vpspiope) 2s(is)| |- 700 |- mv |2 PRQ-538
at 25°C, low-side switch I, =-190 mA

T,=25°C
Drain source diode voltage | |Vpspiope) 150(Ls)| |- 500 |650 |mV |/ =-500 mA PRQ-183
at 150°C, low-side switch T,=150°C
Voltage threshold for first | ViyyLs) - -300 |- mv |¥ PRQ-184
inverse current low-side EN=IN = DEN = “low”
activation, low-side switch Vs=6V

I, =-200 mA
Switching energy
(table continues...)
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Table 9 (continued) Electrical characteristics - power output stages

Vs=6Vto 18V, T,=-40°C to +150°C; Typical values: Vg=13.5V, T; = 25°C

Typical resistive load connected to the output for testing (unless otherwise specified): Rjgaq =3.3 Q
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.

Switch-ON energy, low-side | Eqys) - 042 |- mJ |2 PRQ-187
switch Vs=18V

See Figure 10
Switch-OFF energy, low- EorF(Ls) - 0.46 |- mJ | PRQ-188
side switch Vs=18V

See Figure 10

1)  Not subject to production test - specified by design
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7 Protection

The BTN7030-1EPA is protected against overtemperature, overload and overvoltage.
Overtemperature and overload protections are working when the device is not in sleep mode.
Overvoltage protection works in all operation modes.

7.1 Overtemperature protection

An increase of the junction temperature T above the thresholds T sp) switches OFF both the high-side and
low-side output stages to prevent destruction. The channel remains switched OFF until the temperature has
reached the "Restart" condition described in Table 10. The behavior is shown in Figure 13. From protection
point of view, pins IN and EN are equivalent.

EN A
IN
>
t
A
DEN
>
t
I A
IL(0VLO)(HS)
fwowy oA 0
>
t
A
Ty
TJ(sD)
f )
t
s A
hs=1IL/ kius hs(FautT)
>»
t
A
Int [
jotch 0 . R
t
Figure 13 Overtemperature protection, with EN = "high" and load to GND

When the overtemperature protection circuitry allows the channel to be switched ON again, the Intelligent latch
strategy described in Chapter 7.3.1 is followed.
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7.2 Overload protection

The BTN7030-1EPA is protected in case of overload, short circuit to battery (low-side output stage) or short
circuit to ground (high-side output stage). For the high-side output stage, two overload thresholds are defined
(see Figure 14) and selected automatically depending on the voltage Vg across the power DMOS:

Overload current thresholds variation with Vps for the high-side output stage
. IL(OVLO) when VDS <13V
o IL(OVLl) when VDS >22V

1,2

IL{DV [ 0)

= IL oVL1
LN

Overload threshold variation

4 6 8 10 12 14 16 18 20 22 24 26 28
Drain Source Voltage (V)

Figure 14 Typical Overload current thresholds variation with VDS for the high-side output stage

In order to allow a higher load inrush at low ambient temperature, the overload threshold for the high-side
output stage is maximum at low temperature and decreases when T, increases (see Figure 15).

For the high-side output stage, /| (ovio) typical value remains constant up to a junction temperature of +75°C.
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Figure 15 Overload current thresholds variation with T,

The power supply voltage Vg can increase above 18 V for short time, for instance in load dump or in jump
start condition. Whenever Vs = Vg ), the overload detection current for the high-side output stage is set to
/L(OVL_JS)(HS) as shown in Figure 16.

TLowy &
FL:'\’.:-'I\.-'L_JSFI:!'IEFI
illll-5,:.i5-|n'|ir 1.| | 1.,-'5
Vsisimax ! |
\I
Figure 16 Overload detection current variation with Vg voltage for the high-side output stage
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When /| = I (oy1) (either I (oyi0) OF I (ovL1), N either the low-side or high-side output stages) the output stage
is switched OFF (both low-side and high-side). The output stage is allowed to be reactivated according to the
strategy described in Chapter 7.3.

7.3 Protection and diagnosis in case of fault

Any event that triggers a protection mechanism (either Overtemperature or Overload) has consequences:
« the output stage switches OFF and the internal latch is set to "1"

. ifthe diagnosisis active for the channel, a current /;gray7) is provided by IS pin (see Chapter 8.2.2 for
further details)

If all the "restart" conditions described in Table 10 are fullfilled, the latch can be reset, thus the output stage can
be switched ON again.

Furthermore, the device has the intelligent latch to protect itself against unwanted repetitive restart in fault
condition.

Table 10 Protection “restart” condition

Fault condition Switch OFF event "Restart" Condition
Overtemperature Ty=Tysp) Ty<Tysp) = Tynys)
Ovel’load /|_ = IL(OVL) IL <50 mA

7.3.1 Intelligent latch strategy (INTLAT)

When EN is set to "high", the channel is switched ON. In case of fault condition the output stage latches OFF.
There are two ways to de-latch the switch.

With EN pin:

It is necessary to set the pin to "low" for a time longer than tpg  ay( g) ("latch reset delay" time) to de-latch the

channel. This is independent from the state of the IN pin. The channel can be allowed to restart only if the
"restart" conditions for the protection mechanisms are fulfilled (see Table 10).

During the "latch reset delay" time, if the pin is set to "high" the channel remains switched OFF and the timer
toeLav(Lr) IS reset and it is not started as long as the pin remains at "high". It restarts as soon as the pin is set to
"low" again.

The intelligent latch strategy is shown in Figure 17.

With DEN pin:

Itis possible to "force" a reset of the internal latch without waiting for tpg| ay( r) by applying a pulse (rising edge

followed by a falling edge) to the DEN pin while EN pin is "low". The pulse applied to DEN pin must have a
duration longer than tpgy( ) to ensure a reset of the internal latch.

The timing is shown in Figure 18.
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Figure 17 Intelligent latch timing diagram, with IN = ”high” and load to GND

m
=z
— = 3

Short circuit
to ground

—»

~V

T

i

A

\4

~

Internal
latch

DENT

~Y

"

v

~Vv

Figure 18 Intelligent latch timing diagram with forced reset, with IN = “high” and load to GND
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7.4 Additional protections
7.4.1 Overvoltage protection

The clamping structure limits the negative / positive output voltage so that Vpg(xs) = Vps(cLamp), for both the
high-side and low-side output stage. The clamping structure protects the device in all operative modes listed in
Chapter Chapter 6.1.

In the case of supply voltages between Vsexr yp) and Vgar(p), the output transistor is still operational and
follows the input pin.

In addition, there is a clamp mechanism available for Overvoltage protection for the logic and the output
channel, monitoring the voltage between VS and GND pins (Vs(c aump))-

Vs

BTN7xxx

’ L
Vs VosiHs)
Vsis(cLamp)
L
Zf I # Vos(cLamp)_Hs

Vos(cLamp)_Ls

|
!u

LT
ouT

GND

1 Rsense
T
Dt
g

Figure 19 Output clamp concept

7.4.2 Cross current protection

In half-bridge applications it has to be assured that the high-side and low-side power output stages are not
conducting at the same time, connecting directly the battery voltage to GND. This is assured by a circuit in the
driver logic, generating a so called dead time between switching off one power output stages and switching on
the other. This is ensured by monitoring the state of the MOSFETSs.

7.5 Electrical characteristics protection
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Table 11

Electrical characteristics protection

Vs=6Vto 18V, T,=-40°C to +150°C; typical values: V5= 13.5V, T, = 25 °C; typical resistive load connected to the
output for testing (unless otherwise specified): Rjpaqg = 3.3 Q

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.

Thermal shutdown T)(sp) 150 |175 |200 |°C 1) PRQ-191
temperature 2)

See Figure 13
Thermal shutdown T)(Hys) - 30 |- K 3) PRQ-193
hysteresis See Figure 13
Drain to source clamping Vbs(cLamp)_-40 33 365 (42 |V IL =5 mA| PRQ-144
voltage at TJ =-40°C for HS T,=-40°C
and LS switches See Figure 19
Drain to source clamping Vbs(cLamp) 25 35 38 44 \Y 2) PRQ-145
voltage at TJ = 25 °C for HS IL=|5mA|
and LS switches T, »25°C

See Figure 19
Power supply clamping Vs(cLamp)_-40 33 36.5 (42 |V lys=5mA PRQ-197
voltage at TJ =-40°C T,=-40°C

See Figure 19
Power supply clamping Vs(cLamp)_25 35 |38 (44 |V 2) PRQ-198
voltage at TJ = 25°C Iys =5 mA

T,225°C

See Figure 19
Power supply voltage Vs(s) 20.5 |22.5 |24.5 |V 3) PRQ-199
threshold for overcurrent Setup acc. to AEC-
threshold reduction in case Q100-012
of short circuit
Protection timings
Latch reset delay time after | tpgay(R) 40 70 100 |ms 1) PRQ-200
fault condition
Minimum DEN Pulse tDEN(LR) 50 100 |150 |us 3) PRQ-201
duration for latch reset
Protection power output stage - 12 mQ high-side
Overload detection current |/ oyLo)_40(Hs) 17 |21 |25 |A 1) PRQ-202
at TJ =-40°C, high-side T,=-40°C
switch di/dt = 0.05 A/us

See Figure 15
(table continues...)
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Table 11 (continued) Electrical characteristics protection

Vs=6Vto 18V, T,=-40°C to +150°C; typical values: V5= 13.5V, T, = 25 °C; typical resistive load connected to the
output for testing (unless otherwise specified): Rjpaqg = 3.3 Q

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
Overload detection current |/ ovi0) 25(Hs) 17 21 25 |A 1) PRQ-203
at TJ=25°C, high-side T,=25°C
switch dl/dt = 0.05 A/us
See Figure 15
Overload detection current |/ ovio) 125(Hs) 15 - - A 3) PRQ-535
at TJ=125°C, high-side T,=125°C
switch di/dt = 0.05 A/ys
See Figure 15
Overload detection current |/, (ovLo) 150(HS) 14 165 |19 |A 3) PRQ-204
at TJ = 150°C, high-side T,=150°C
switch di/dt = 0.05 A/us
See Figure 15
Overload detection current |/ (ovL1)ns) - 15 - A 3) PRQ-205
at high VDS, high-side di/dt= 0.05 A/us
switch T,=25°C
See Figure 15
Overload detection current |/ ovL_Js)(Hs) - 15 - A 3) PRQ-206
-jumps:tart condition, high- Vs> Vs s)
side switch dI/dt = 0.05 A/ps
T,=25°C
See Figure 16
Protection power output stage - 20 mQ low-side
Overload detection current, |/ ovLo)(Ls) 16 21 28 |A 1) PRQ-207
low-side switch di/dt =0.05 A/ps
See Figure 15
1)  Functional test only
2) Tested at T;=150°C only
3)  Notsubject to production test - specified by design
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8 Diagnosis

For diagnosis purpose, the BTN7030-1EPA provides a combination of digital and analog signals at pin IS.
These signals are generically named SENSE and written /;s. In case of disabled diagnostic, IS pin becomes high
impedance.

A sense resistor Rsgnsg must be connected between IS pin and module ground if the current sense diagnosis is
used. A typical value is Rggnse = 1.2 kQ.

Due to the internal connection between IS pin and Vg supply voltage, it is not recommended to connect the IS
pin to the sense current output of other devices, if they are supplied by a different battery feed.

8.1 Overview

Table 12 gives a quick reference for the state of the IS pin during BTN7030-1EPA operation.

Table 12 SENSE signal, function of application condition
Application Condition Inputs Outputs Diagnostic Output
EN |IN |DEN |HSS |LSS |OUT (Voyr) (I1s)
Stand-by operation 0 X |1 OFF |OFF |_3 Z
hs(eaur) if latch # 0
Open Load OFF |OFF |<Vs-VpsioLorr) Z
> Vs - Vbs(oLoFF) hs(oLoFF)
hs(aurr) if latch # 0
Inverse current on LSS OFF ON ~Vinv=Vout < VA
Vinv(Ls) Is(raurT) if latch 2 0
Inverse current on HSS OFF OFF |~Vinv=Vour>Vs lis(oLoFF)
hs(raur) if latch # 0
Normal operation 1 0 OFF |ON ~GND Z (= hs(orr)
1 ON OFF |~ Vs hs=1L/ kius (> hiseny)
Overcurrent at HS or LS X OFF |OFF |3 his(FAULT)
Short circuit to GND X OFF |OFF |~GND hs(FauLT)
Short circuit to Vg 0 OFF |OFF |~Vg hs(FauLT)
1 ~ Vs yA
~GND hs(FauLT)
Open Load 1 ON OFF |~Vsl) Iis(EN)
Under load at HS (e.g. output 1 ON OFF |~ Vg2 hsen) < hs < Tnom) /
voltage limitation condition) KiLis
Overtemperature at HS or LS X OFF OFF |Z his(FauLT)
Inverse current on HSS 1 ON OFF | Vout=>Vs lis(En)
Inverse current on LSS X X X OFF ON ~Vinv=Vout < -
Vinv(Ls)
Undervoltage at Vs X X X OFF |OFF |_3
Sleep Mode 0 0 0 OFF |OFF |Z
All conditions X X |o 3
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1) The output current has to be lower than /gy
2) The output current has to be higher than /(g

3) load dependent

Table 13

Signal value explanation

infineon

Inputs (EN, IN, DEN)

Switches (LSS, HSS)

Diagnostic Output (IS)

0=Logic "low"

OFF = switched off

Z=high Impedance

1=Logic "high"

ON = switched on

X="low" or "high"

Unsupplied

Power-u :\

Vs < Vuv(orr)
(decreasing)

Undervoltage

HSS

LSS

X

OFF

OFF

Sleep
DEN| EN | IN |HSS| LSS Is EN=1
0 0 X | OFF | OFF 4

DEN=EN=0
for t = tstandby

DEN=EN=0
for t = tstandby
DEN=1

Normal operation

All states
......................... EN | IN |Hss|Lss| IS
1| o |oFF|ON z
1] 1 |oN]oFF| s
y A
Stand-by (OLOFF)
IL<50 mA
EN | IN |HSS|LSS IS Vour & reset fault
0 X | OFF | OFF Z <Vs - Vbs(oLoFF)
0 X |OFF| OFF | ls(ororr) |>Vs - Vbs(oLor)
i All states
i....(incl Sleep). .} Overload LS
EN | IN |HSS|LSS IS Vour
Low-side N 1| 0 |OFF|OFF| lisauty
. i Prev. states
freewheeling pooT 1| 1 |oFF|oFF|  z Vs
EN | IN |HSS|LSS| Vour 1| 1 |OFF|OFF| Isauty | ~GND
x | x [oFF|on| <~ov 0 | x [OFF|OFF| listauty

Overtemperature
EN | IN |HSS|LSS IS
X X |OFF|OFF| lis(fault)

Tj < Tus) - Tunvs) & reset fault

IL<50 mA
&reset fault

Overload HS

HSS | LSS IS

=<
<

OFF | OFF |  listfault)

Figure 20

«  Grey arrow: Transition caused by change of environmental conditions.

Simplified State Diagram for DEN = "high" (unless otherwise specified)

+  Black arrow: Possible transition by digital input pins (EN, DEN or IN pin).

8.2

Diagnosis in ON state

A current proportional to the load current through the high-side output stage (ratio ks =/, / /;s) is provided at
pin IS when the following conditions are fulfilled:
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+ the power output stage is switched ON with Vpg<2V
+ thediagnosisis enabled

« nofault (as described in Chapter 7.3) is present or was present and not cleared yet (see Chapter 8.2.2 for
further details)

If a "hard" failure mode is present or was present and not cleared yet a current /igeayr) is provided at IS pin.

8.2.1 Current sense (kys)

The accuracy of the sense current depends on temperature and load current. /|5 increases linearly with /| output
current through the high-side switch until /| reaches the overload detection current / oy 4. In case of open load
at the output stage (I, close to 0 A), the maximum sense current /isgy) (no load, diagnosis enabled) is specified.
This condition is shown in Figure 21. The blue line represents the ideal k5 line, while the red lines show the
behavior of a typical product.

An external RC filter between IS pin and microcontroller ADC input pin is recommended to reduce signal ripple
and oscillations (a minimum time constant of 1 us for the RC filter is recommended).

The ks factor is specified with limits that take into account effects due to temperature, supply voltage and
manufacturing process. Tighter limits are possible (within a defined current window) with calibration:

- a well-defined and precise current (I car)) is applied at the output during end of line test at customer side
« the corresponding current at IS pin is measured and the ks is calculated (ks @ I (ca)

« within the current range going from /; ca)  to I caL)_n the ks is equal to ki ;s @ I (car) with limits defined by
Dkis

The derating of k|5 after calibration is calculated using the formulas in Current sense 4k, s calculation
formulas and it is specified by Ak s

Current sense Ak s calculation formulas

krprs @I (cAL)_L kiprs @IL(cAL)H
— * = —_ -
Akprs, v = 100 MIN( KILIS @IL(CAL) R @IL(CAL) )
Equation 1
kirrs @IL(cAL)_L kiprs @IL(cAL)H
—_ k = — - A=
Akipis,max = 100 MAX( kiL1s @IL(CAL) L s @IL(CAL) 1)
Equation 2
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hs 0
his(ov)
hs(EN) S /
< IL(oL) » L
Figure 21 Current sense ratio in open load at ON condition

The calibration is intended to be performed at Tpcai) = 25°C. The parameter Ak s includes the drift over
temperature as well as the drift over the current range from I (ca1) | to I (caL) n-

8.2.2 Fault current (/ispaurr))

As soon as a protection event occurs, the value of the internal latch (see Chapter 7.3 for more details) is
changed from 0 to 1, a current /israurr) is provided by pin IS when DEN is set to "high"and both the high-side
and low-side output stage of the affected channel are switched OFF.

If the device is switched OFF by protection event and its EN pin is driven by PWM with pulse width < tpg ay(Lr)s
the internal latch could not be reset, the current /;grayr) is provided each time the device diagnosis is activated
by DEN.

If the device is OFF and the internal latch is not in the reset state, the current /;gray) is also provided each time
the device diagnosis is checked.

Figure 22 shows the relation between high-side current sense (/s =/, / kis) and lis(rautr)-
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A
hs
hs(FAULT),max - -
lis(FauLT)
hs(FauLt),min —4------------------¥- -~~~ T
l
! IL/ ks
|
|
| |
|

| |
| |
| |
| |
| |
l l .
| | e

IL(ovL),min IL(oVL),max I

Figure 22 SENSE behavior - overview

If present (EN = IN =DEN =1, no fault present), the current sense signal can be differentiated from the fault
current /iseaur), UP to the max. possible load current I (oyLo) -a0(Hs),max-

8.3 Diagnosis in OFF state

When a power output stage is in OFF state, the BTN7030-1EPA can measure the output voltage and compare it
with a threshold voltage. In this way, using some additional external components (a pull-down resistor and a
switchable pull-up current source) it is possible to detect if the load is missing or if there is a short circuit to
battery. If a fault condition was detected by the device (the internal latch has a value different from the reset
value, as described in Chapter 8.2.2) a current /israyir) is provided by IS pin each time the channel diagnosis is
checked also in OFF state.

8.3.1 Open load current (/isoLoFF))

In OFF state, when DEN pin is set to "high", the Vpg voltage of the high-side switch is compared

with a threshold voltage Vps(oLorr). If the load is properly connected and there is no short circuit to

battery, Vps(us) ~ Vs therefore Vpgus) > VpsioLorr). When the diagnosis is active and Vps(us) < Vps(oLorr), @

current /isioLorr) is provided by IS pin. Open Load in OFF detection is only possible for half-bridge configuration
where the load is supposed to be connected between the OUT pin of the device and GND. Figure 23 shows the
relationship between /isoLorr) @and /israuLm) @s functions of Vps. The two currents don “t overlap making always
possible to differentiate between open load in OFF and fault condition.
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hs A

lis(FauLT)

lis(oLoFF)

Vbs(oLoFF) Vos

Figure 23 I,s in OFF State

Itis necessary to wait a time tisioLorF) p between the falling edge of the pin EN and the sensing at pin IS for

open load in OFF diagnosis to allow the internal comparator to settle. In Figure 24 the timings for an open load
detection are shown - the load is always disconnected.

A
EN/IN
A t
DEN
tiS(OLOFF)_D t'
Vourd  ~s
V/bs(oLOFF) \
:.‘ | Load connected
"€ | |toGND
t
hs 4
/is(oLOFF)
lisioL) \
t
Figure 24 Open load in OFF timings - load disconnected
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8.4 SENSE timings

Figure 25 shows the timing during settling tyson) and disabling ts(orr) of the SENSE (including the case of load
change). As a proper signal cannot be established before the load current is stable (therefore before tgy):

tsis(piaG) = tsis(on) + ton

IN
OFF ON OFF
t'
DEN T
torF t
I I \
/ ~ »
tsis(LC) tsIS(OFF) tsis(oN) tsIS(OFF) t
ﬂ 47 <« >
tsiS(DIAG)
IISI % w
t'
Figure 25 SENSE Settling / disabling timing, with EN = “high” and load to GND

~v

DEN

1 I

T
T
: V.
T

v

tsIs(ON)_sLC tsiS(ON) B tsis(LC)_SLC t
lis <7K\
t
Figure 26 SENSE Timing with Small Load Current, with EN = "high" and load to GND
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8.5 Electrical characteristics diagnosis
Table 14 Electrical characteristics diagnosis

Vs=6Vto 18V, T,=-40°C to +150°C; Typical values: Vg=13.5V, T, =25°C
Typical resistive load connected to the output for testing (unless otherwise specified): Rjgaq =3.3Q
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number

Min. | Typ. | Max.

SENSE leakage current lis(oFF) - 0.01 |0.5 WA DEN="low"/ = PRQ-209
when disabled I (nomy Vis=0V
SENSE leakage current lis(En)_85 - 02 |1 nA | Y PRQ-210
when enabled at TJ <85 °C T,<85°C

DEN = "high"

I,=0A

See Figure 21
SENSE leakage current lis(en)_150 - 0.2 1 MA T,=150°C PRQ-211
when enabled at TJ =150 °C DEN = "high"

/|_ =0A

See Figure 21
SENSE Signal Saturation Vsis K - 05 |1 Vv 1) PRQ-212
Voltage for KkILIS operation Vs=6V
(VS-VIS)

EN =IN=DEN ="high"
I|_ <15* IL(NOM)

Power supply to IS VIS(CLAMP)_-4O 33 36.5 |42 \" I|5 =1mA PRQ-215
pin clamping voltage at T,=-40°C
T =-40°C See Figure 19
Power supply to IS Vis(cLamp) 25 35 |38 |44 |V 2) PRQ-216
pin clamping voltage at Is=1mA
=25C T,225°C
See Figure 19
Electrical characteristics diagnosis
SENSE fault current his(FauLT) 44 |55 10 mA | See Figure 22 and PRQ-217
Figure 23
SENSE open load in OFF lis(oLoFF) 1.9 25 |35 mA | See Figure 22 and PRQ-218
current Figure 23
SENSE open load in OFF tIS(OLOFF)_D 30 70 120 us Vps < VOL(OFF) from EN PRQ-219
delay time falling edge to I ;s =
IscoLorr),MiN * 0.9
DEN = "high"
latch=0
See Figure 24
Open load VDS detection Vbs(oLoFF) 1.3 1.8 |23 |V See Figure 23 PRQ-221

threshold in OFF state
(table continues...)
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Table 14

(continued) Electrical characteristics diagnosis

Vs=6Vto 18V, T;=-40°C to +150°C; Typical values: Vg=13.5V, T; = 25°C
Typical resistive load connected to the output for testing (unless otherwise specified): Rjgaq =3.3 Q
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
SENSE settling time with tsis(oN) - 5 20 us I, = I (car) from DEN PRQ-222
nominal load current stable risingedgeto/s=1/_/
(kiis,max @ ) * 0.9
See Figure 25
SENSE settling time with tsis(ON)_SLC - - 60 |ups 1) PRQ-223
small load current stable I = I (car)_oL from DEN
risingedgeto/s=1/_/
(KiLis,max @ 1) * 0.9
See Figure 26
SENSE disable time tsis(oFF) - 5 20 |us 1) PRQ-224
From DEN falling edge
to /is = s(oFF)
See Figure 25
SENSE settlingtime after | tys(Lc) - 5 20 |us 1) PRQ-225
load change From Iy = Iy (cau)_L
tol = IL(CAL) (See
AkjLisnom))
See Figure 25
SENSE settling time after tsis(Lc)_sLc - 250 (400 |ps 1) PRQ-226
load change with small load DEN = "high" from
current Load Change to
hs=IL/ (kius @ 1)
from I cav) to I icau)_oL
See Figure 26
Diagnosis power output stage - 15 mQ high-side
Open load output current at |/ (o1) 4y 8 21 35 mA | /is=lisioL) =4 LA PRQ-227
11S=4 pA See Figure 21
Current sense ratio at KiLisoz -50% |4300 |+50% lLo2 =20 mA PRQ-232
IL=1L02
Current sense ratio at KiLisos -42% | 4300 |+42% 05 =100 mA PRQ-235
IL=ILO5
Current sense ratio at KiLisos -40% |4300 |+40% ILog =250 mA PRQ-238
IL=1LO8
Current sense ratio at KiLis11 -25% |4300 |+25% lL;1=1A PRQ-241
IL=IL11
Current sense ratio at KiLisia -8% 4300 |+8% lLl14=2.8A PRQ-244
IL=IL14
Current sense ratio at KiLisis -6% |4300 |+6% lL1g=5.5A PRQ-246
IL=IL16
(table continues...)
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Table 14 (continued) Electrical characteristics diagnosis

Vs=6Vto 18V, T;=-40°C to +150°C; Typical values: Vg=13.5V, T; = 25°C

Typical resistive load connected to the output for testing (unless otherwise specified): Rjgaq =3.3 Q
all voltages with respect to ground, positive current flowing into pin (unless otherwise specified)

Parameter Symbol Values Unit | Note or condition P-Number
Min. | Typ. | Max.
Current sense ratio at KiLisis -5% 4300 |+5% 1) PRQ-248
IL=IL18 l1g=10A
SENSE Current Derating Dkiis(on) -30 |0 +30 | % 1) PRQ-249
with Low Current Ican)_oL = Los
Calibration -
IL(cau_oL_H = ILos
Iican) oL =102
TA(CAL) =25°C
SENSE Current Derating DKy is(nom) -4 0 +4 | % 1) PRQ-250

ILicay H=1L1s
Iiicay L= 11a

TA(CAL) =25°C
1) Not subject to production test - specified by design
2) Tested at T,=150°C
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9 Application information
Note: The following information is given as a hint for the implementation of the device only and shall not be
regarded as a description or warranty of a certain functionality, condition or quality of the device.
9.1 Application setup
Trev
Cvi Dz
Voo I <
] 0
VDD BTN7030
Rin l—
GPIO {1 IN _
REN t
GPIO EN
GPIO o DEN |_
Microcontroller - |<'
Ra/p Ris_proT I_
L —
Vss T
Csense
J I Dn Rsense
Figure 27 BTN7030-1EPA application diagram
Note: This is a very simplified example of an application circuit. The function must be verified in the real
application.
9.2 External components
Table 15 Suggested component values
Reference |Value Purpose
Ren 4.7kQ Protection of the microcontroller and device during overvoltage and during loss of
R ground.
Rpen
Rpp 47 kQ Output polarization (pull-down, optional)
Allows to detect if the OUT pin is shorted to VS.
RoL 1.5kQ Output polarization (pull-up, optional)
Ensure polarization of BTN7030-1EPA output during open load in OFF diagnosis.
Cout 100 nF Protection of BTN7030-1EPA output during ESD events and BCI.
(table continues...)
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Table 15 (continued) Suggested component values
Ty BC 807 Switch the battery voltage for open load in OFF diagnosis. (optional)
Cvs 100 nF Filtering of voltage spikes on the battery line.
TREV - Protection of BTN7030-1EPA during reverse polarity.
Dz, 33Vz- Suppressor diode
Diode Protection during overvoltage and in case of loss of battery while driving an inductive
load.
RsensE 1.2kQ SENSE resistor
Ris_proT 4.7kQ Protection during overvoltage, reverse polarity, loss of ground.
Value to be tuned according to microcontroller specifications, together with R p.
Dz TVZ- Protection of the microcontroller during overvoltage.
Diode (Optional, depending on the microcontroller’s specification)
Ra/p 4.7kQ Protec(;cion of microcontroller ADC input during overvoltage, reverse polarity, loss of
ground.

Value to be tuned according to microcontroller specifications, together with Ris_pror.

CSENSE 220 pF Sense signal fllterlng
Atime constant (Ra/p - Csense) longer than 1 us is recommended.

The stray inductances have to be minimized in the power bridge design as it is necessary in all switched high
power bridges. Therefore it is recommended to ensure that the offset between the BTN7030-1EPA’s ground
(GND pin) and the microcontroller’s (signal) ground is minimized.

Itis recommended to do the freewheeling in the high-side path until the load current is 0, to avoid reverse
currents through the low-side power stage, thus minimizing power dissipation and avoid an unnecessary stress
of the device.

If used in full bridge configuration, it is strongly recommended to change the direction of a motor not before the
motor fully stopped thus motor currentis 0 A, in order to avoid overvoltage at OUT due to back EMF, e.g. in load
dump situations.

If the load also can provide power to the device, e.g. a motor or inductance in generator mode, it is
recommended not to use only a diode for reverse polarity but to allow a current flow back to the supply

Vbat, to prevent the device from overvoltage situations. In such a scenario, the capacitor Cy5 between VS and
GND pin has to be dimensioned accordingly.

Note: The suggested component values above are determined for typical applications. Based on the application
circuit and the used components connected to BTNT030-1EPA, it could be necessary to adjust the values above to
stay below the maximum ratings for all components. (e.g. reverse battery, transients on battery, ...)

9.3 Bidirectional loads and open load in OFF detection

A bidirectional load, like a motor or a solenoid, can be driven with two BTN7030-1EPA half-bridge in H-bridge
configuration, as shown in Figure 28.

In order to perform an open load in OFF detection, the high-side output stage of one half-bridge has to be
switched on with IN =EN ="high" (right BTN7030-1EPA in Figure 28). As described in Chapter 8.3.1, and in
combination with a pull-up resistor Rpy (or alternatively a pull-down resistor Rpp) the other half-bridge can
check for open load condition.
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Ris_proT

= Dz1 Rsense

Figure 28 Application circuit: H-bridge with two BTN7030-1EPA

Note

This is a very simplified example of an application circuit. The function must be verified in the real application.

9.4 Further application information

+  Please contact us for information regarding the Pin FMEA
«  For further information you may contact http://www.infineon.com/
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10 Package dimensions
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Figure 29 PG-TSDSO-14 (thin (slim) dual small outline 14 pins) package outline
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Figure 30

PG-TSDSO-14 (thin (slim) dual small outline 14 pins) package pads and stencil

To meet the world-wide customer requirements for environmentally friendly products and to be compliant with
government regulations the device is available as a green product. Green products are RoHS-Compliant (i.e
Pb-free finish on leads and suitable for Pb-free soldering according to IPC/JEDEC J-STD-020).
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Table 16 Revision history
Document |Date of Description of changes
version release
1.0 2020-08-11 | Initial release
1.1 2020-11-20 | Chapter Open load current (/isioLorr)): refined formulation for usage
Chapter External components: refine explanation to RPD
1.2 2021-06-24 | Block diagram updated
Footnote links in table SENSE signal, function of application condition added
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