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Protection Diodes Technical Note

TVS Diodes for 12 V Powertrains
With Centralized Load Dump Suppression-Type Alternators

By Kim Sweetman

DEFINITION OF CENTRALIZED LOAD DUMP SUPPRESSION-TYPE ALTERNATORS

Conventional powertrains use a standard-type alternator diode and regulator to control the output voltage for normal
operations.
The regulator controls output voltage in normal rotor operations and does not suppress high voltages in load dump situations.
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A centralized load dump suppression-type alternator is different than a traditional powertrain in that it suppresses high voltages
when it reaches load dump status to lower them to a specified voltage range, thus ensuring normal operation.

Most central load dump suppression-type alternators use Zener alternator diodes to suppress high voltages.
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TEST SPECIFICATIONS FOR

SUPPRESSION-TYPE ALTERNATORS

Below are test conditions for centralized load dump suppression:

ISO 7637-2 : 2004 Jun. 15 Test pulse 5b

12 V POWERTRAINS WITH CENTRALIZED LOAD DUMP

1SO 16750-2 : 2012 Test pulse b
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PARAMETER VALUE PARAMETER VALUE
Up/(Un) 13.5V Up/(Un) 13.5V
Us 65V <Us<87V Ugh 79V<Ug<101V
Ug* As specified by customer Us* 35V
R; 050Q<R;<4.0Q R; 05Q<R;<4.0Q
ty 40 ms <ty <400 ms tq 40 ms <ty <400 ms
T, 10 ms (+0/-5 ms) T, 10 ms (+0/-5 ms)
Pulses 1 pulse: ISO 7637-2 : 2004 Pulses 5 pulses at intervals of 1 min

Some vehicle manufacturers use other standards to specify suppressed voltage, pulse width, and internal resistance (R;).
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LOAD DUMP PROTECTION DEVICES FOR CENTRALIZED LOAD DUMP SUPPRESSION

POWERTRAINS

Guidelines for selecting load dump protection devices for use in vehicles include:

1. The stand-off voltage is more than 24 V for 12 V powertrains, as determined by withstand test or jumper-start test conditions
2. The maximum clamping voltage for ISO 7637-2: 2004 June 15 at pulse 1, 2a, 2b, 3a, 3b, and 5b, or ISO 16750-2: 2010 at

pulse b, is lower than the target clamping voltage

3. Select the appropriate protection device based on target clamping voltage, input surge voltage, pulse width, and internal

resistance (Rj)

Most clamping-type protection devices have a clamping ratio, which is the difference in the breakdown voltage and clamping

voltage at low and high surge energy conditions.

ELECTRICAL CHARACTERISTICS (T, = 25 °C, unless otherwise noted)

DEVICE BR ) T TEST STAND-OFF | REVERSE LEAKAGE PULSE CLAMPING
DEVICE CURRENT VOLTAGE LEAKAGE VOLTAGE
WPE | MARKING o Vo AT Vo AT Vm SURGE AT lposs
CODE Ty =150 °C | CURRENT
MIN. MAX. (mA) V) lr}\ I Ippy @ Ve
(WA) (uA) (A) W)
TPSMC24A EMP 22.8 25.2 1 20.5 1 10 45.2 33.2
TPSMC27A EPP 25.7 28.4 1 23.1 1 10 40 37.5
TPSMC30A ERP 28.5 31.5 1 25.6 1 10 36.2 41.4

For example, the maximum voltage from a centralized load dump suppression-type alternator generates 54 V at load dump
status; however, the maximum allowed input voltage for this circuit is 35 V. The protection device will clamp at a minimum of

19 V from the input voltage, preventing the circuit from malfunctioning.
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Max. Clamping ’“\ TELEDYNE LECROY
Voltage of ) 1t

TPSMC30A
P TPSMC27A

TPSMC24A

10.0 Vidiv 2,00 Aldiv 10.0 Vidiv 200 msidiv Stop 220V
-200Vofiset | -6.00Aoffset 20.0 msidiv 100kS | 500kS/s Edge Positve
204V 1- 608A 204V ) L
232V 4 6.64A |- 232V,
28V 4y 560 mA | &y 28V
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«—— SO 7637-2 2004 Pulse 5b : 150ms pulse width ———

CLAMPING CHARACTERISTICS AT ISO 7637-2 PULSE 5b TEST
INPUT CLAMPING
Ug* R, VSTART PEAK PEAK CLAMPING
OLTAGE VOLTAGE CURRENT OP. TIME
v Q v v A ms
TPSMC24A 54.0 4.5 23.2 30.3 6.0 120.0
TPSMC27A 54.0 4.0 25.7 33.6 5.9 105.0
TPSMC30A 54.0 3.5 28.9 36.3 5.3 90.0

Each part number in the TPSMC Series has different maximum clamping voltages at the same surge pulse condition.
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FLOWCHART OF TVS DIODES FOR CENTRAL LOAD DUMP PROTECTION APPLICATIONS

Polarity
protection
diode

Conventional

type

With
Polarity protection

Alternator type
High power Centralized

Load dump load dump
suppression type

Withstand Withstand
No (Jumper-start) (Jumper-start)
Load dump test test test
Required ?
Yes
Ves Vg > Withstand voltage | | Vg > Withstand voltage
! v
I1SO 7637-2 : 2011 ISO 7637-2 : 2011
8 Pulse 2a / Pulse 3b > Pulse 1/ Pulse 2a
High power Pulse 3a / Pulse 3b
Load dump l l
or
Bi-Directional Uni-directional VISHAY TVS  Bi-directional VISHAY TVS
Medium power TAG6F series SMBT, SM15T series
TVS TPSMP series P6SMB, 1.5SMC series
TPSMA, TPSMB series SMB8, SMCJ series

U;* : Surge voltage !
V. : Target clamping voltage
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Low power TVS |

!

Uni-directional Vishay TVS
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TPSMA, TPSMB series
TPSMC series
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V. z U™
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| test voltage vs. Ri | | test voltage vs. Ri | —
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TVS DIODES WITH MEDIUM CURRENT SURGE CAPABILITY FOR CENTRALIZED LOAD DUMP
PROTECTION POWERTRAINS

Vishay offers several TVS diode devices for centralized load dump protection powertrains. Most devices have a surge capability
of 1500 W to 5000 W.

SINGLE PULSE TEST WITH TPC27A, TPSMC27A, SKASMC24A, AND 5KASMC24A

The following graphs show the maximum internal resistance (R;) at different input surge voltages for these commonly used TVS
diodes in single pulse test conditions.
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MULTIPLE PULSE TEST FOR TPC27A, TPSMC27A, 3KASMC24A, AND 5KASMC24A

The following graphs show the maximum internal resistance (R;) at different input surge voltages for these commonly used TVS
diodes in multiple pulse test conditions.
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Vishay offers a range of low to medium power TVS diodes in high power density miniature packages to protect electronic units O
in vehicles against load dump surges and transient voltages from motors, ignition circuits, and other transient sources in >
powetrtrains. -
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