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Low Quiescent Current Surge Stopper: Robust Automotive Supply

Protection for ISO 7637-2 and ISO 16750-2 Compliance
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have combined efforts with the International Organization

B|A~E HS g Rt for Standardization (ISO) to develop the ISO 7637-2
and ISO 16750-2 standards, which describe the possible
ISO 7637-2 ¥ ISO 16750-2 &= transients and specify test methods to simulate them.
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76372 ‘A24: LMo M7 e AL’E AmHE  disturbances from conduction and coupling” and is an
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conduction along supply lines only.’
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prior to 2011 it also included transients related to power
supply quality. In 2011, those portions related to power
supply quality and not EMC were moved to ISO 16750,
‘Road vehicles — Environmental conditions and testing
for electrical and electronic equipment’ in the second of
five parts, Part 2: Electrical Loads.’

While most manufacturers still maintain their own
specifications and requirements rather than adopt ISO
7637-2 and ISO 16750-2 verbatim, there is a trend
toward more closely conforming to the ISO standards,
with manufacturer specifications following the
international standards with minor variations.

ISO 7637-2 and ISO 167502 provide specifications
for both 12V and 24V systems. For simplicity, this
article only describes 12V specifications and presents
a circuit for protecting electronics connected to an

automotive 12V power supply.

LOAD DUMP

Load dump is the most challenging of the power
supply transients because of the substantial energy in
the event. It occurs when the alternator is charging a

battery, and the battery connection is lost.

Alternators without Internal Voltage Clamps

Originally, alter—
. 71| 3¢ ™R AMI 6CI0|2=
nators in cars were

unclamped and could
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clamped internally to limit the maximum voltage to a lower
value during load dump. Because older alternators, and
some modern alternators, do not include internal clamps,
the load dump specification in ISO 16750~2 is split into “Test
A—without centralized load dump suppression’ and ‘Test B
—with centralized load dump suppression.”

Figure 1 shows a schematic of an alternator’s
3-phase stator windings and the 6—diode rectifier that
converts the stator's AC output to the DC that charges
the battery. When the battery connection is lost, the
resulting current flow is as shown in Figure 2. Without
the battery to absorb the stator’s current, the output
voltage surges to the very high voltages seen during
unclamped load dump, as shown in Figure 3 from
the ISO 16750-2 specification. This corresponds to
the unclamped alternator scenario in “Test A—without

centralized load dump suppression.’

Alternators with Internal Voltage Clamps

Newer alternators use avalanche diodes that have
well specified reverse breakdown voltages which limit
the maximum voltage during load dump. Figure 4
shows current flow during a load dump fault in a
clamped alternator that uses avalanche rated diodes

in the six diode rectifier. When a clamped alternator
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is mandated by the automotive manufacturer, “Test B
—with centralized load dump suppression” applies.
Figure 5 shows the clamped waveform from Test B in
ISO 16750-2. Although ISO 16750-2 specifies a 35V
maximum voltage for this clamped scenario, be aware
that many manufacturers deviate from ISO 16750-2 by
providing their own maximum voltage specification.
Also, be aware that when load dump was part of
ISO 7637-2, only one pulse was specified, but when
the load dump specification moved to ISO 16750~
2 in 2011, the minimum test requirements increased
to include multiple pulses with a one minute interval

between pulses.

TVS Protection Problems

The internal resistance, Ri, of the alternator in both
Test A and Test B is specified to be between 0.5Q and
40 in 1SO 16750-2. This limits the maximum energy
that is delivered to protection circuits.

Nevertheless, one fact is frequently overlooked by
those implementing protection from the ISO 16750~
2 load dump transient: the internal resistance, Ri, does
not appear in series with the 35V clamped voltage. Ri
actually appears before the avalanche diode, as shown in
Figure 6.

If the onboard electronics are locally protected by a
shunt device such as a TVS (transient voltage suppressor)
diode with a breakdown voltage less than 35V, the TVS
may be forced to absorb the alternator’s energy. In this
scenario, the internal clamps in the alternator are of little
benefit. The entire load dump energy is delivered to the
TVS in the onboard electronics.

Sometimes a series resistor is placed in front of the
electronics and the TVS diode, but unfortunately this

introduces a voltage drop and extra power dissipation
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in the resistor even during normal operation.

ADVANTAGES OF ACTIVE PROTECTION
WITH A SURGE STOPPER

A better solution is to use a series active protection
device, such as the LTC4380 low quiescent current
surge stopper. The LTC4380 block diagram is shown in
Figure 7. A complete automotive protection solution is
shown in Figure 8.

By its very nature, a surge stopper protects the
downstream electronics from load dump as well as
the other conditions in ISO 16750-2 and ISO 7637-
2 without relying on the internal resistance of the
alternator. The surge stopper solution shown in Figure
8 provides uninterrupted power while operating from
a clamped alternator. Furthermore, if it is subjected to
load dump from an unclamped alternator, it will not
be damaged. In the unclamped scenario, it may shut off
to protect itself and then automatically reapply power
to the load after a cool-down period. It is important
to note that power is only shut off in the presence of

multiple simultaneous faults: an

improper unclamped alternator is
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DY DIODES INC MMSZ525185-T-F

STOPPER PROTECTION
SOLUTION

01, 02, 04: DIOOES INC MMBTSS51-T+
03 DIODES INC MMBTS40N-T-F

05, 06: DRODES INC OMMTS401-7-F
07, 08; DIODES INC DMMTESS1-T-F
RESISTOR SZES 0603 . . .
BT WS ROTED The design in Figure 8 protects

o7

an downstream electronics from ISO

16750-2 and ISO 7637-2 transients
while providing up to 4A of output
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A HEE Al completely shutting off if the fault persists. This method

2
2
S dAHo=2 A has a distinct advantage over shunt—type protection,
4
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Load Dump and Overvoltage Protection

To understand the operation of the circuit in Figure
8, consider a simplified description of the LTC4380.
During normal operation, the LTC4380’s internal
charge pump drives the GATE pin to enhance M2. The
voltage at GATE is clamped to a maximum of 35V
above ground (when the SEL = 0V), thereby limiting
the output voltage at M2's source to less than 35V.

The circuit in Figure 8 further improves on that
voltage limit by adding a 22V avalanche diode D3, in
combination with R6, R7, R8, and Q2 to regulate the
output voltage to a maximum of the avalanche diode
voltage, 22V, plus the base—emitter voltage of Q2,
roughly 0.7V. When the output voltage exceeds 22V +
0.7V = 22.7V, Q2 weakly pulls down on M2's GATE to
regulate M2’s source and the output voltage at 22.7V.

Reverse Protection

MOSFET M1, in conjunction with D1, D2, R1, R3,
R4, and Q1, protects the circuit from reverse voltage
conditions. When the input falls below ground, Q1
pulls M1’s gate down to the negative input voltage,
keeping the MOSFET off. This prevents reverse current
flow when the battery is connected backward and
protects the output from the negative input voltages.

D2 and R3 allow the LTC4380’s internal charge pump
to enhance M1 during normal operation when the input
is positive so that M1 is effectively a simple pass—through
device, dissipating less than 'R = (4A)* + 4.1mQ = 66mW
of power in the NXP PSMN4R8-100BSE.

SOA Limit

When the input voltage is high, the output voltage
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of this circuit is limited to a safe level by controlling
MOSFET M2. This results in significant power
dissipation as voltage is dropped across M2 while
current is delivered to the load at the output.

If the input is subjected to a sustained overvoltage
condition, or an overcurrent fault condition occurs in
the onboard electronics at the circuit’s output, M2 is
protected by shutting off after a duration configured
by the timer network made up of R13, R14, R15, C4,
C5, C6, and C14. The output current at the LTC4380’s
TMR pin is proportional to the voltage across
MOSFET M2 while M2 is in current limit.

Effectively, the TMR current is proportional to
the power dissipated in MOSFET M2. The resistor/
capacitor network at the TMR pin is similar to an
electrical model of the MOSFET’s transient thermal
impedance. This serves to limit the maximum
temperature rise of the MOSFET to keep it within its
rated safe operating area.

Because allowable MOSFET SOA current falls off at
high drain—to—source voltages, the 20V avalanche diode
D6, in conjunction with R9, R11, and Q3 provides extra
current into the timer network when the IN-to—OUT
voltage exceeds 20V plus Q3’s base—emitter voltage. The
4.7V avalanche diode D7 works with Q4, R12, and C3
to prevent this extra current from pulling the TMR pin
above its maximum rated voltage of 5V.

This SOA tracking circuit allows the output to remain
safely powered when the input rises to a high voltage.
But, if a sustained high power fault condition lasts too

long, the circuit self—protects by shutting off M2.

Thermal Protection

The resistor/capacitor network on the LTC4380’s

TMR pin protects against events that are faster
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than about one second. For slower events, the case
temperature of M2 is limited by the circuit connected to
the LTC4380’s ON pin.

The thermistor, Ry, is a small surface mount
0402-size component with a resistance of 4.7k at
115C. Above 115, its resistance rises exponentially

with temperature. To prevent the timer network from

SIDEBAR 1

Z0[AJ2k 0]

o Aol HiE{2]
ISO 16750-29] 4.7 A2 AZ|L|01E0| E5| AL8ot= E
oz ‘A iz SF=0| O] 2 AR M2 HiE2|
g B2 Hdsk= b Ol2{8h & il AAsH 25Tt Al
L2 o2 2 st

ISO 16750-2= &4

HAE Mg 2
16750-20{|Af= 1.

27| 0|72 40| B2

o

Hu
[l

ol

g o rIF w

R = 4
o
o

Ay

=W ro [»
Erﬂrcum;
u

=)

oY

40
i

el of| Y=t Ut 12V
2|2 VOt 6vel
750-20M= 2 2EE

Ch O] 2 ARIOIAN A=

ISO 16750-22| Mlid 4.32
2 249} 2f@2folei7t Al
605 St QI7IBIL, 0f22 o 42174
45302
HIR BAE 2212 24VE 602 59 Q75l0)
L 017 OIA = B AE S0 3%

. | UF U0 #FSHs WF HFE AIE20|E Sh=' HIA

HISBICE 1V, 2V EE 4V (‘A2 o|m3-E-1j3

OHzOl|A] 25kHz2 Of2f B AL SiCt, AlTHI 3= 16V
O|HA=50mQ ~ 100mQAO[O]C.

Ug

tf=5ms
tg = 15me
t7 = 50ms
tg=1s

1y = 40ms

T Zst
ISO 16750-22] M4 4.5 L 4.62 HHE{Z| &7, 2}
Y B CH40| UASIZL AEKEZ QI3 AR MY
(515l 2242 CH2CL

4.5 2491 Hoto

C g —

[ONIRY
ol

1z

=
u

>
]
sz}
=)

m

Ol
o

Off 24 OVE YHE ChE =2

roh o @ M |
0 1

o ©
oz Mrx
R

o
e

HITHZ Md 4.6 ' U2 HRtol 2

{2 o HYE WAl 9 Zots
El E SICt 0] 22 M2 100ms St 4.5V2 Z5t5t Ch2 10ms
=t N

=4
=

N
[ &

o

4
il

x
N ol %

njo

N o

|

{219 HAT} O] AL

| 2512 2| ZBICE O B AE

[=Al BE3h=Hl ATt

2 O 222 ASA0| AR Z2IS

rho
1o
P
™
140

X o Jhu g
PNEEN
ol
—
£ on
=
0 %
nl

oN

o A
o
AN

Al

™o
).
rlo

el
g
N
=
o

OHZ2|7AI01A0]| Qfs ZY=h= Bizf2let 2 |, II, I, VO]
HOJ Af[ek2 OfeH 2F0jIA & 4= T

=]
u
o
o
™
Y
nE r

.9

W 2=t e 32 BS

M 4.9 2RI AHYE HIAES TR, AAES
HIO|AT} Y S22 APiot== 23ot=
232 ES' HAES HHS|

0f 602 S HESI=E 2

84 Semiconductor Network 2017.6



(=)

2 F85H MF MX| AEL: ISO 7637-2 & ISO 16750-2 E6k= AN KISk MY HS

1z Kt} wiE o[flEo| tis] o5 Al-Fgtch. B
& 3¢ M29] Alo]A L= L TC43802] ON
AZH 3|20 ofaf AHEITE,

O AH Ry BH A 0402 27] BEoz
115CoA 4.7k A Z=tt. 115T oidellA o] A
T2 2zt g7 7lohgsA oz SRl Efoln 4]
EQF7} upe] HE|Egolofo4] L EXAS AR T
1A =2 517] 918 LTC43802 M29] =gel-4
2 A%Fo] 0.7Vell =2 wj7h2] TMR HHeflA efo]r
A[E WAA7]2] G=tt 4A D 0.7Vol A MOSFET

r 18

é_V.LrIr

=
&

2

fllo

falsely integrating offsets in the power multiplier, the
LTC4380 does not generate timer current at the TMR
pin until M2’s drain—to—source voltage reaches 0.7V.
With 4A and 0.7V, the MOSFET could dissipate 0.7V
« 4A = 2.8W continuously without the TMR network
detecting the MOSFET's temperature rise. The PTC
resistor, Rppe, in conjunction with resistors R17 « R21
and transistors Q5A, Q5B, Q6A, Q7A, and Q7B shuts
down the circuit if MOSFET M2’s case temperature
exceeds 115°C.

SIDEBAR 2
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Do not be dismayed by the number of components
in the thermal protection circuit. The overall solution
is relatively easy to implement and consists of small
components that consume little board area. It is a self—
biased circuit that is balanced when Ry equals R20’s
4.75kQ value. When the temperature of Rpre, which
is placed in close proximity to M2, exceeds 1157,
its resistance grows and causes more current to flow
through Q5B than Q5A. Because that results in more
current through R17 than R18, Q8A’s base voltage
rises and Q8A’s collector pulls the ON pin of the
LTC4380 low, turning off M2. At lower temperatures,
Q5A’s current is greater than Q5B’s, and Q8A remains
off, allowing the ON pin’s internal pull-up to keep the
ON pin high. Note that the ON pin current is used as
the start—up current of this self=biased circuit through

the diode—connected device Q8B.

CONCLUSION

The ISO 16750-2 and ISO 7637-2 specifications
describe the challenging electrical transients that
can occur in automotive systems. The LTC4380
low quiescent current surge stopper can be used to
protect the onboard electronics from these transients,
including both the clamped and unclamped load dump
pulses. The circuit presented in this article provides
uninterrupted operation when faced with load dump
pulses from a modern, clamped alternator. When faced
with more extreme unclamped load dump pulses, it
shuts off to protect the downstream electronics. The
result is a robust solution for ISO 16750-2 and ISO
7637-2 compliance for electronics that draw up to 4

amps of supply current.
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