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Document Number: 88490 For technical questions within your region, please contact one of the : GENERAL SEMICONDUCTORT ransient Voltage SuppressorsApplication NoteTransient Voltage Suppressors (TVS) for Automotive Electronic ProtectionAPPLICATION NOTEBy Soo Man (Sweetman) Kim,Senior Application ManagerA major challenge in Automotive design is protectingelectronics - such as control units, sensors, andentertainment systems - against damaging surges, voltagetransients, ESD, and noise that are present on the powerline.

Transient voltage suppressors (TVS) are ideal solutions for automotive electronic protection and have several important parameters for these applications, including ... several kinds of transient and surge voltages are introduced into the power and signal lin e from automotive systems that use solenoid loads, such as fuel injection, valve, motor,
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    	1 Document Number: 88490 For technical questions within your region, please contact one of the : GENERAL SEMICONDUCTORT ransient Voltage SuppressorsApplication NoteTransient Voltage Suppressors (TVS) for Automotive Electronic ProtectionAPPLICATION NOTEBy Soo Man (Sweetman) Kim,Senior Application ManagerA major challenge in Automotive design is protectingelectronics - such as control units, sensors, andentertainment systems - against damaging surges, voltagetransients, ESD, and noise that are present on the powerline.
2 Transient Voltage Suppressors (TVS) are ideal solutionsfor Automotive electronic protection and have severalimportant parameters for these applications, includingpower rating, stand-off Voltage , breakdown Voltage , andmaximum breakdown Voltage . Following are definitions forthese ratingThe power rating of a TVS is its surge -absorbing capabilityunder specific test or application conditions. The industrial-standard test condition of 10 s/1000 s pulse form(Bellcore 1089 spec.)
3 , as shown in Figure 1. This testcondition differs from the TVS ESD test condition of8 s/20 s pulse form, as shown in Figure 2. Fig. 1 - Test Waveform of TVS Fig. 2 - Test Waveform of TVS ESDB reakdown Voltage (VBR)The breakdown Voltage is the Voltage at which the devicegoes into avalanche breakdown, and is measured at aspecified current on the Breakdown Voltage (VC: Clamping Voltage )The clamping Voltage appears across the TVS at thespecified peak pulse current rating.
4 The breakdown voltageof a TVS is measured at a very low current, such as 1 mAor 10 mA, which is different from the actual avalanchevoltage in application conditions. Thus, semiconductormanufactures specify the typical or maximum breakdownvoltage in large Voltage (VWM): Working Stand-Off ReverseVoltageThe stand-off Voltage indicates the maximum Voltage of theTVS when not in breakdown, and is an important parameterof protection devices in circuits that do not operate undernormal conditions.
5 In Automotive applications, someregulation of the Automotive electronics is provided by jump-start protection . This condition supplies 24 VDC in10 min to 12 V type electronics, and 36 VDC in 10 min to24 V type electronics without damage or malfunction of thecircuit. Thus, the stand-off Voltage is one of the keyparameters in TVS for Automotive %100 %50 %(ms)10 s/1000 s051020250 %100 %50 %( s)8 sIPPM1528 s/20 sIPPMT ransient Voltage Suppressors (TVS) for Automotive Electronic Protection technical questions within your region, please contact one of the following:Document Number: 09-Aug-10 Application NoteVishay General SemiconductorAPPLICATION NOTE Fig.
6 3 - Parameters of Voltage and CurrentPRIMARY PROTECTION OF THE Automotive POWER LINE (LOAD DUMP) Automotive electronics, such as electronic control units,sensors, and entertainment systems, are connected to onepower line. The power sources for these electronics are thebattery and alternator, both of which have unstable outputvoltages that are subject to temperature, operating status,and other conditions. Additionally, ESD, spike noise, andseveral kinds of Transient and surge voltages are introducedinto the power and signal line from Automotive systems thatuse solenoid loads, such as fuel injection, valve, motor,electrical, and hydrolytic controllers.
7 Fig. 4 - Typical Vehicle Power BusWhat is Load Dump?The worst instances of surge Voltage are generated whenthe battery is disconnected when the engine is in operation,and the alternator is supplying current to the power line ofthe vehicle. This condition is known as load dump , andmost vehicle manufacturers and industry associationsspecify a maximum Voltage , line impedance, and timeduration for this load dump status, as shown in Figure 5. Fig. 5 - Output Voltage of Alternator in Load Dump ConditionTwo well-known tests simulate this condition: the sISO-7637-2 pulse 5 and Japan s JASO A-1 for 14 Vpowertrains and JASO D-1 for 27 V powertrains.
8 In thissection we review the application of TVS for load dump in14 V and Results of Load Dump TestsThe s ISO-7637-2 pulse 5 and Japan s JASO A-1 testsfor 14 V powertrains are simulated in Table ..BatteryRegulatorESD or LightningHigh Voltage inducedby AlternatorReaction Transientfrom Motor and Spark PlugsALoadXOutput Voltage of AlternatorBatteryConnectedBatteryDisconn ectedVPVNTABLE 1 - MAJOR LOAD DUMP TEST CONDITIONS FOR 14 V POWERTRAINSV TOTAL (VP)(V)VS(V)VA(V)Ri( )TIME(ms)CYCLE TIMEJASO 7637-2 pulse to to to Voltage Suppressors (TVS) for Automotive Electronic ProtectionApplication NoteVishay General SemiconductorAPPLICATION NOTE Document Number.
9 88490 For technical questions within your region, please contact one of the : Fig. 6 - For ISO-7637-2 Test Conditions, the Standard Condition is a VS Range of 65 V to 87 V, and Ri (Line Impedance) Range of to 4 Some vehicle manufactures apply different conditions forthe load dump test based on ISO-7637-2 pulse 5. The peakclamped current of the load dump TVS will be estimated bythe following equation:Calculation for peak clamping currentFigure 6a shows the current and Voltage waveforms ofVishay s SM5S24A in the ISO 7637-2 test of 87 V VS, VVbatt.
10 , Ri and 400 ms pulse 6a - Clamped Voltage and Current of SM5A24 Ain ISO 7637-2 TestFigure 6b shows the clamped Voltage and current of loaddummp TVF fail in the ISO 7637-2 test of 87 V VS, VVbatt., Ri and 400 ms pulse width. The clampingvoltage drops to near zero, and the current passed throughthe device is increased to the maximum allowed by the 6b - Clamped Voltage and Current of Load Dump TVSF ailures in ISO7637-2 TestMaximum clamping capability of Vishay load dump TVS ofISO 7637-2 pulse 5 test condition with V Vbatt.
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