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瞬態電壓抑制二極體 

SM8Z 系列 - 6600W 超大功率車載浪湧防護器件 

 

概述 

隨著車用市場蓬勃的發展，更多先進的車用電子與設備逐漸被導入汽車系統中，對於車用電子相

關的法規愈趨嚴格，包含與車用安全有關的 ISO 26262[1]、可靠度有關的 AEC-Q101[2]、生產品質要求

TS-16949[3]和車用電子系統的 EMC 要求 ISO 7637[4]等法規，不斷更新其規範，以確保用車安全。 

其中，針對車用保護元件在 EMC 方面的議題，拋負載浪湧的測試，多年來主要以 ISO 7637-2 5a

為主。在 2010 年，ISO 國際組織發布新的車用拋負載衝擊波測試規範 ISO 16750-2 5a 波形[5]，取代

ISO 7637-2，藉由加嚴拋負載衝擊波測試條件，希望能提供更佳的保護元件運用在車用電子系統。我

司於 ”Transient Voltage Suppressors (TVS) for Automotive Electronic Protection[6]” 一文中介紹 TVS

特性、車用電子應用、拋負載現象產生原因和 ISO 7637-2 5a 測試規範，並且分析我司 TVS-SM8Z 產

品承受拋負載衝擊波的能力。此份報告主要根據 ISO 16750-2 5a 規範評估林朋 TVS-SM8Z 產品承受能

力。 

材料 

產品 VB(V)@IT=5mA IR(uA)@VR VR(V) 樣品數 外觀 

SM8Z18A 20.0~22.1 

10 

18 

5 

 

SM8Z24A 26.7~29.5 24 

SM8Z28A 31.1~34.4 28 

SM8Z30A 33.3~36.8 30 

SM8Z33A 36.7~40.6 33 

SM8Z43A 47.8~52.8 43 

測試儀器 

EMTEST-LD 200N[7] 

 

圖一、LD 200N 

Working Voltage: 10 to 43 V    Peak Pulse Power: 6600 Watt 
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測試條件 

拋負載測試 

規範 12V-system 24V-system 

Us (V) 87 174 

Ua (V) 14 27 

tr/td (ms) 10/400 10/350 

Ri (Ω) 2→1 5→4 

Pulse   10 

Interval (sec) 60 

 

規範：ISO 7637-2 5a 和 ISO 16750-2 5a 比較 

以下將針對拋負載測試規範 ISO 16750-2 5a 和 ISO 7637-2 5a 差異的比較表： 

拋負載測試 

 12V-system 24V-system 

規範 ISO 7637-2 5a ISO 16750-2 5a ISO 7637-2 5a ISO 16750-2 5a 

Us (V) 65≦Us≦87 123≦Us≦174 

Ua (V) 14 27 

Tr (ms) 10 10 

td (ms) 400 350 

Ri (Ω) 0.5≦Ri≦4 1≦Ri≦8 

Pulse (#)  1 10 1 10 

Interval (sec) - 60 - 60 

表一、ISO 7637-2 5a 和 ISO 16750-2 5a 測試規格比較表 

 
圖二、ISO 16750-2 pulse 5a[5] 
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結果 

【12V-System】 

測試條件：10/400ms, Us=87V, Ua=14V, 10 pulses, interval=60 sec, Sampling=5 pcs 

 

圖三、SM8Z 12V-system 產品拋負載測試結果 

 

圖四為 12V-system 產品經拋負載測試後，電壓抑制在 36.4V。 

 

圖四、SM8Z28A (scale:10V/division) 
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【24V-system】 

測試條件：10/350ms, Us=174V, Ua=28V, 10 pulses, interval=60 sec, Sampling=5 pcs 

 

圖五、SM8Z 24V-system產品拋負載測試結果 

     

圖六為 24V-system材料經拋負載測試後，電壓抑制在 45.6V。 

 

圖六、SM8Z33A(scale:10V/division) 

結論 

   由於車用市場需求的快速成長，對於車用電子零件需求逐漸提高，加上車用電子零件精密度的提

高，對雜訊流的容忍度更小，所以對於保護性產品的要求將會提高。拋負載防護的規範從過去的 ISO 

7637-2 5a衝擊波變更至 ISO 16750-2 5a衝擊波，訂定更嚴苛的條件測試產品，以期能提高車用系

統的保護性。 

    擁有高可靠性的 TVS-SM8Z系列已經通過 AEC-Q101，不僅可通過 ISO 7637-2 5a規範，在 ISO 

16750-2 5a規範的測試下，依然展現其良好的保護性能，確保車用系統的運作！ 
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What Are TVS Diodes And How Do They Compare? TVS . TVS diodes are electronic components designed to protect sensitive electronics from high-voltage transients. They can respond to overvoltage events faster than most other types of circuit protection devices and are offered in a variety of surface mount and through-hole circuit board mounting formats. The device functions by limiting voltage to a certain level (referred to 

as a “clamping” device) with p-n junctions that have a larger cross-sectional area than those of a normal diode, allowing the TVS diode to conduct large currents to ground without sustaining damage. TVS diodes are generally used to protect against electrical overstress such as those induced by lighting strikes, inductive load switching, and electro-static discharge (ESD) associated with transmission or data lines and electronic 

circuits. While Littelfuse TVS diodes can fit a wide range of circuit protection applications, they were primarily designed to protect I/O interfaces in telecommunication and industrial equipment, computers, and consumer electronics. Characteristics of the Littlefuse TVS diode include: Low incremental surge resistance  Unidirectional and bidirectional polarities available Reverse standoff voltages range from 5 to 512V   RoHS 

compliant–matte tin Pb-free plated   Surface-mount power ratings from 200 W to 5,000 W Axial lead power ratings from 400 W to 30,000 W (30kW)    High Power current protection available for 3kA thru 10kA   AEC-Qualified on Select Series 由於受惠於車用電子的蓬勃發展，越來越多種類的車用電子系統被導入於現今整車系統當中，例如影音娛樂系統，先進的照明系統，精密的感測系統等，然而，車用電子

系統的日益複雜以及越來越敏感的車用電子元件被導入，關於信賴性的議題被探討，以及被法規要求。製造者必須是合格的車用電子製造者，始能提供產品。眾多方面的考量以及製定，目的無非是希望提供最佳的可靠度以及穩定性的品質。目前，用來防護 EMC 問題，主流的保護元件為氣體放電管、壓敏電阻、突波抑制二極管(Transient Voltage Suppressors)，突波抑制二極管擁有最佳的可靠度、快

速反應、低漏電流等優勢，故對於車用電子系統而言，TVS 是理想的解決方案 A Schottky diode is formed by a metal to semiconductor junction.  Electrically, it conducts by the majority carrier and possesses fast response with lower current-leakage and forward bias voltage (VF). Schottky diodes are widely used in high frequency circuits. Zener diodes are formed by a heavily doped P-N semiconductor 

junction. There are two physical effects that can be referred to as a Zener state (Zener effect and Avalanche effect). Zener effect occurs when there is a low reverse voltage applied to the p-n junction that conducts due to quantum effect. Avalanche effect occurs when a larger than 5.5 volt voltage is applied reversely to the p-n junction during which the generated electron-hole pair collide with the lattice. Zener 

diodes based on the Zener effect are widely used as voltage reference sources in electronics circuitry. A TVS diode is formed by a specially designed P-N semiconductor junction for surge protection. The p-n junction is usually coated to prevent premature voltage arcing during a non-conducting state. When there is a transient voltage event, the TVS diode conducts to clamp the transient voltage using the 

Avalanche effect. TVS diodes are widely used as an overvoltage circuit protection device in telecommunications, general electronics, and digital consumer markets for lightning, ESD, and other voltage transient protection. SPA stands for Silicon Protection Arrays. It is a diode array of integrated p-n junctions, SCRs, or other silicon protection structures packaged in multi-pin structures. The SPA can be used as an 

integrated solution for ESD, lightning, and EFT protection for telecommunications, general electronics, and digital consumer markets where multiple protection opportunities exist. For example, it can be used for HDMI, USB, and Ethernet port ESD protection. TVS diodes are used to protect semiconductor components from high-voltage transients. The p-n junctions of these devices have larger cross-sectional 

areas than those of normal diodes, allowing them to conduct large currents to ground without sustaining damage. Littelfuse supplies TVS diodes with peak power ratings from 200 W to 15kW and reverse standoff voltages from 5V to 495V. 
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Working Voltage: 10 to 43 V
Peak Pulse Power: 6600 W
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Note:

Peak forward surge current 8.3 ms single half sine-wave IFSM 700 A

Operating junction and storage temperature range  TJ, TSTG  - 55 to +175 °C

(1)Non-repetitive current pulse per Fig.2 and derated above TA= 25 °C per Fig.1

Peak pulse current with a 10/1000μs waveform(1) IPP  See Next Table  A
Power dissipation on infinite heatsink at TL = 25 °C PD 8.0 W

Peak power dissipation with a 10/1000μs waveform(1) PPP 6600 W
Peak power dissipation with a 10/10,000μs waveform PPP 5200 W

Polarity: Heatsink is anode

Parameter  Symbol Value Unit

Maximum Ratings(TA=25℃ unless otherwise noted)

Molding compound: UL94V-0 flammability

Uni-directional polarity DO-218ABExcellent clamping capability  
Very fast response time
RoHS compliant

Mechanical Data
Case: DO-218AB

Low forward voltage drop

Surface Mount 
Transient Voltage Suppressors

Features
Optimized glass passivated chip  
TJ = 175 °C capability suitable for high
reliability and automotive requirement
6600 W peak pulse power capability with a
10/1000 μs waveform, repetitive rate (duty
cycle):0.01 %
Meet ISO 7637-2 5a/5b and ISO 16750 load
dump test (varied by test condition)
AEC-Q101 qualified
Low leakage current
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AMBIENT TEMPERATURE , (℃)AVERAGE FORWARD CURRENT, (A)
0 100

25 100
175 0 0 0

0.2 ##
0.5 76

1 50
1.5 33

2 23
3 13
4 10

0 8 1 6600
25 8 10 5200
## 0 100 1900

10 5200
100 1900

Fig. 3 - Steady State Power Derating Curve

Package Outline Dimensions (millimeters)

Ratings and Characteristics Curves (TA=25℃ unless otherwise noted)

Fig. 1 - Pulse Derating Curve Fig. 2 - Pulse Waveform

Fig. 4 - Peak Pulse Power Rating Curve
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B MIN. C

1.5 (0.059) 13.5 ± 0.50
(0.53 ± 0.02)

150 ℃

200 ℃

60-180 sec

<3 ℃/sec

>220 ℃

245 ℃

60-150 sec

<3 ℃/sec

10-30 sec

<5 ℃/sec

<6 min

280 ℃

26.4 (1.039) 30.4
(1.197)

Dimensions in Millimeters (inches)
TAPE SIZE A MAX. D MIN. N MIN. G MAX. T MAX.

Time within actual peak temp.

Ramp down Rate

330 ± 2.0 (13.0 ± 0.079)
178 ± 2.0 (7.0 ± 0.079)

20.2
(0.795)

50 (1.97)

Time(25℃ to Peak temp.)

Do not exceed

Surface Mount Tape and Reel Packaging

Recommended Soldering Parameters

Ramp up rate (150-200℃)

Reflow

Liquidus Temp.

Peak Temp.

Time(Liq. to Peak)

Ramp up rate (220-200℃)

IR-Reflow Condition

Pre Heat

Temp. min

Temp. max

Time(min to max)

24 mm (0.945)

tp

ts
Perheat

Ts(min)

Ts(max)

TL
tL

TP

Ramp-up

Time(t)

Temp from 25 °C to Peak
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Min (V) Max (V) IT (mA)

SM8Z10A 11.10 12.30 5.0 15 250 10 388.00 17.0
SM8Z11A 12.20 13.50 5.0 10 150 11 363.00 18.2
SM8Z12A 13.30 14.70 5.0 10 150 12 332.00 19.9
SM8Z13A 14.40 15.90 5.0 10 150 13 307.00 21.5
SM8Z14A 15.60 17.20 5.0 10 150 14 284.00 23.2
SM8Z15A 16.70 18.50 5.0 10 150 15 270.00 24.4
SM8Z16A 17.80 19.70 5.0 10 150 16 254.00 26.0
SM8Z17A 18.90 20.90 5.0 10 150 17 239.00 27.6
SM8Z18A 20.00 22.10 5.0 10 150 18 226.00 29.2
SM8Z20A 22.20 24.50 5.0 10 150 20 204.00 32.4
SM8Z22A 24.40 26.90 5.0 10 150 22 186.00 35.5
SM8Z24A 26.70 29.50 5.0 10 150 24 170.00 38.9
SM8Z26A 28.90 31.90 5.0 10 150 26 157.00 42.1
SM8Z28A 31.10 34.40 5.0 10 150 28 145.00 45.4
SM8Z30A 33.30 36.80 5.0 10 150 30 136.00 48.4
SM8Z33A 36.70 40.60 5.0 10 150 33 124.00 53.3
SM8Z36A 40.00 44.20 5.0 10 150 36 114.00 58.1
SM8Z40A 44.40 49.10 5.0 10 150 40 102.00 64.5
SM8Z43A 47.80 52.80 5.0 10 150 43 95.10 69.4

1.Surge current waveform is defined at 10/1000uS waveform
NOTE: 

2.For all types maximum VF = 1.8 V at IF = 100 A measured on 8.3 ms single half sine-wave or equivalent square wave, duty cycle = 4 pulses
per minute maximum

Electrical Characteristics(TA=25℃ unless otherwise noted)

Part Number
(Uni)

 Breakdown Voltage VBR @IT

 Maximum
Reverse

Leakage IR

@VRWM (uA)

 Maximum
IR @VRWM

TJ=175
(uA)

Working
Peak Reverse
Voltage VRWM

(V)

 Maximum
Reverse
Surge

Current IPP

(A) (1)

Maximum
Clamping
Voltage

VC@IPP (V)


