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SUPER CLAMP TVS introduction

SUPER CLAMP series TVS diodes with snapback characteristics feature a superior optimized
clamping ratio between the designated breakdown voltage and clamping voltage. This optimized
clamping ratio provides a lower clamping voltage to protect the circuit at a much higher peak pulse
current than conventional TVS diodes, which enables the circuit designer to choose lower working
voltage of capacitors, switching devices, polarity protection diodes, load switch MOSFETs and so as
well the regulator ICs. In addition, SUPER CLAMP TVS diodes provide the flexibility to combine with
other conventional TVS diodes in series to meet different working voltage requirements with high

peak surge current.

1.1  SUPER CLAMP TVS feature

SUPER CLAMP TVS diodes breakdown voltage (Vsr) difference of temperature deviation is lower
than conventional TVS, this Vgr stability by temperature variation helps the designer anticipate
voltage range when temperature is added consideration. The snapback characteristics are shown

below in Figure 1.

TSC high power DO-218AB package SUPER CLAMP TVS diodes specification:

ELECTRICAL SPECIFICATIONS (Ta= 25°C unless otherwise noted)

Maximum | Maximum .

Breakdown blocking | blocking MaX|mkum )

_pea Typical
voltage . leakage | leakage imoulse .
Ver@It Test |Working | current | current P ¢ Typical temp.
. ) stand-off current | clamping | coefficient
Part Device current IR@Vwm IR@Vwm Ippm (A)

number marking (Note 1) It voltage o voltage of Ver

(MA) Vwm (WA) T=175°C tp Vcat lppm aoT
(v) | Moted) b (WA =) V) | (@)

(Note 1) | =10/1000
Min. | Max (Note 2)
' ‘ (Ms)
LTD7S24CAH|LTD7S24 | 26.7 | 29.5 5 24 1 150 300 24 0.081
™ [
b SUPER CLAMP
VC VBR

Vgg — Breakdown voltage

[ Reverse test current

V, memmemn Clamping voltage

lpp -——-—-- Peak pulse surge current

Figure 1: SUPER CLAMP TVS Vc- lpp curve characteristics
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1.2 SUPER CLAMP TVS structure

SUPER CLAMP TVS adopt BJT (Bipolar junction transistor) different from conventional TVS in Figure
2 SUPER CLAMP TVS instinctive snapback characteristics breakdown voltage occurs then returns
and breakdown again. This SUPER CLAMP ratio provides lower V¢ (clamping voltage) at high Ipp
(peak impulse current), its following protected discrete components could sustain lower voltage
stress, and the designer could use lower working voltage specification components like a capacitor,
MOSFET...etc.

Low clamp TVS Conventional TVS

SUPER CLAMP Conventional

TVS TVS
N
e
N

Figure 2: Conventional and SUPER CLAMP TVS structure, Vc — lpp curve
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2. SUPER CLAMP TVS characteristics

Vwm (Working stand-off voltage):

Normal voltage TVS can withstand system normal operation, TVS will not breakdown with very low
leakage current flow only.

Ver (Breakdown voltage):
The voltage slightly increased at the specific test current (Ir) condition.

V¢ (Clamping voltage):

The maximum voltage for a peak pulse Ipp, the SUPER CLAMP TVS clamping voltage is lower than
the breakdown voltage at transient surge.

Iep (Peak impulse current):

The transient current at the clamping voltage represents the capability of the product. SUPER
CLAMP TVS lpp capability is higher than conventional TVS.

: = 153
| Breakdovx&n voltage Clamping voltage

Peak impulse current

H‘\.mm RIF @ 5 26 A“
yms _fL1M /& | |

7 1252023
14:10:18

Figure 3: SUPER CLAMP TVS LTD7S24CAH lpp and Vc waveform

4 Version: A2411



p
=

2111
SEMICOND OR

Taiwan Semiconductor

3. SUPER CLAMP TVS I-V curve, V¢, Vsr compare with conventional TVS

To understand SUPER CLAMP TVS's characteristics and advantages over conventional TVS, compare
the DO-218AB package bi-directional SUPER CLAMP TVS LTD7S24CAH and conventional TVS

TLD8S24CAH in the 8/20 us and 10/1000 us surge pulse test.

3.1

Vc tested by 8/20us lpp comparison

Take SUPER CLAMP TVS LTD7S524CAH and conventional TVS TLD8S24CAH to test 8/20us transient
surge. Applying 8/20us lpp=500A to these two TVS and record V¢ results as in Figure 4. LTD7S24CAH

Vc=22.5V which is 63.38% of TLD8S24CAH V¢=35.5V.

3.2

10us ~1.8000us : Ostor @ 32/ 32

(LTD24CAH)- \VV/c=22.5V

10us ~1.8000ks

(TLD8S24CAH)

Oston e/ 32

V= 35.5V
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0A
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SVEmpty Emp ty

Figure 4: SUPER CLAMP and conventional TVS tested 8/20u Ipp=500A

8/20us I-V curve comparison

Take SUPER CLAMP TVS LTD7S24CAH and conventional TVS TLD8S24CAH to test 8/20us transient
surge and record V¢ — Ipp waveform (Figure 5). LTD7S24CAH curve shows snapback characteristics
whose V¢ clamping ratio=1.63 (Vc¢/Vwwm) and Rdny=0.005 ohm is lower than TLD8S24CAH curve
shows exponential characteristics whose V¢ clamping ratio=2.54 (Vc/Vwwm) and Rdny=0.017 ohm.
SUPER CLAMP TVS can suppress transient surge closer to Vgr than conventional TVS.
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Figure 5: SUPER CLAMP and conventional TVS in 8/20us I-V curve

3.3 Vclevel by 10/1000us lpp comparison

A wider TVS Vwwm allows the system to operate within a broader working voltage range, based on
the specific Vc. To see the SUPER CLAMP TVS Vwwm level compared to conventional TVS by the same
Vc effect, take SUPER CLAMP TVS and a series of conventional TVS to test 10/1000us surge as
Figure 6(a). LTD7S24CAH Vc=25.15V which is similar to TLD8S20CAH V¢=25.4V at lpp=204A.
LTD7S24CAH snapback characteristic helps V¢ clamping lower ratio, which lets LTD7S24CAH own
the same Vc level as TLD8S20CAH. But LTD7S24CAH has a higher current and allowable working
voltage Vwm=24V than TLD8S20CAH based on the same V¢ level.

350

300 3

g | TD7S24CAH
N ; a LTD7S24CAH=25.15V —a TLDSS13CAH

[ é‘ TLD8S20CAH= 25.4V e TLDS14CAH
w00 +——;.——  F - 4 (g Yy8--c----=scormsoosTmoooE="

Ipp=2D4A et TLD8S15CAH
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150 4 » === TLD8S17CAH

f it TLD8S18CAH
100 [/ / — TLD8S20CAH
o TLD8S22CAH

TLD8S24CAH

0 — et TLD8S26CAH
10 15 20 s 30 35
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Figure 6(a): Vc comparison of LTD7S24CAH and TLD8SxxCAH by 10/1000us lpp tested
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Compared to the peak pulse currents of 170A and 300A, even with a current increase of 70.45%,
the variation in clamping voltage is only 3.2%, which is significantly smaller, as illustrated in the
waveform in Figure 6(b).

E2500us ~1.4000ns .  DOstor @ 8/ 8 E500us 1. 4000ms Ostoo @ 8/ 8
Ve= 25V Vc= 25.8V
. (LTD7S24CAH) 1o i (LTD7S24CAH)
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100A/div | 200A/div ||
34.] z
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e
at=740ps 1/4t=1. 35kHz Edge [ 2 ] DC 1884
1: 10.0V BW 2: 200A BW 4: 10. 0A M: 100V
DC1MD DCTHO DCTMQ DCTHOQ CH1 - CHZ
Fanty AV S1RAAY 25 AVFmntv Fnntw

Figure 6(b): Vc comparison of LTD7S24CAH in 10/1000us lpp tested

3.4 10/1000us I-V curve comparison

Take SUPER CLAMP TVS LTD7S24CAH and conventional TVS TLD8S24CAH to test 10/1000us
transient surge and record Vc — lpp waveform in Figure 7. LTD7S24CAH curve shows snapback
characteristics whose V¢ clamping ratio=1.075 (V¢/Vwwm) and Rdny=1.05 ohm is lower than
TLD8S24CAH curve shows exponential characteristics whose V¢ clamping ratio=1.35 (V¢/Vwwm) and
Rdny=1.16 ohm. SUPER CLAMP TVS can suppress transient surges closer to Vgr than conventional
TVS.

350+
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Figure 7: SUPER CLAMP and conventional TVS 10/1000us I-V curve
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3.5 Breakdown voltage (Vsr) temperature deviation comparison

Ver Will be a concentration of designers examining if TVS is adequately turned on when the
temperature increases. Take SUPER CLAMP TVS LTD7S24CAH and conventional TVS TLD8S24CAH to
test Vgr in temperatures from -55°C to 175°C (Figure 8). LTD7S24CAH operates in the temperature
range -55°C to 175°C, Vgr deviation difference is 4.1V; TLD8S24CAH operates with a Vgr deviation
difference is 5.2V. So LTD7S24CAH Vgr difference of temperature deviation is more stable than
TLD8S24CAH. The competition in a wide temperature range variation is 0.17V/10°C versus

0.22V/10 °C, the normalized curve is shown below.

Vgg (V), normalized
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Figure 8: SUPER CLAMP and Conventional TVS Vgr temperature variation
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4. Automotive protection

The hazards indicated are described by several standards bodies, including the Society of
Automobile Engineers (SAE), the Automotive Electronics Council (AEC), and the International
Organization for Standardization (ISO). One important standard, ISO 16750-2, outlines the load
dump test, which is the most demanding in terms of energy and rigorous verification for
automotive systems.

4.1 1SO 16750 test

According to ISO 16750-2, the test simulates a load dump event without centralized load-dump
suppression. These pulses mimic the surge caused when the alternator loses its centralized load
dump protection. SUPER CLAMP TVS can be utilized in various automotive applications, including
protection against power surges and as freewheel diodes, among other functions. Load dump
transients are among the most severe power surges and can cause serious damage to a vehicle's
electronic systems. SUPER CLAMP TVS is the ideal solution for mitigating this risk, as it provides low
and stable clamping voltage, preventing damage to downstream components. Figure 9 illustrates
how to protect your subsystem from a load dump pulse in these systems.

N A

T ¢

GND

Figure 9: Load dump generation in the vehicle system

Figure 10 shows the waveforms of the LTD7S24CAH at a load dump test condition of 101 V Us with
a 400 ms pulse width, 1.75-ohm Ri, and 10 pulses. Comparing V¢ and lppm waveforms, the SUPER
CLAMP TVS LTD7S24CAH provides a lower clamping voltage (73.5%) and delivers a higher pulse
current (115%) than conventional TVS.
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Figure 10: Waveforms of the LTD7S24CAH and TLD8S24CAH at TEST A

4.2 1SO 7637 test

ISO 7637 applies to all types of road vehicles, regardless of the propulsion system—whether
powered by spark ignition, diesel engines, or electric motors. The standard ensures that equipment
installed in passenger cars and commercial vehicles with 12V or 24V electrical systems is
compatible with electrical transients.

ISO 7637 specifies the methods and procedures for testing, including bench tests for injecting and
measuring transients. Additionally, it provides a classification for functional performance status,
indicating the level of immunity to these electrical transients. Figure 11 (a) & (b) show the
waveform in the LTD7S24CAH at the different levels that are passed. All test conditions are listed in
table 1 below.

Pulse 1 Level IV Pulse 2a Level IV

Figure 11(a): Waveforms of the LTD7S24CAH Load 4.2 in ISO 7637 test
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Pulse 3a Level IV Pulse 3b Level IV

T I'—|."— [N | NELE SN . R —

Figure 11(b): Waveform

s of the LTD7S24CAH Load 4.2 in ISO 7637 test

Table 1: LTD7S24CAH in ISO 7637 test conditions

Conditi Pulse 1 Level IV Pulse 2a Level IV Pulse 3a Level IV Pulse 3b Level IV
ondition
Ua=12V | Ri=10Q | Ua=12V Ri=2Q Ua=12V | Ri=50Q | Ua=12V | Ri=50Q
Us -150V +112V -220V +150V
Clamping voltage (V)
LTD7S24CAH -24 27 | -26 30

Protection for power system

The primary function of a TVS is to clamp transient voltages and allow current to flow through the
TVS at the clamping voltage. Various power systems experience different transient surges in
applications. Figure 12(a) illustrates a simplified circuit without a TVS, showing a transient voltage
in the system. In an electrical installation, disruptive surges can appear on a power line. These
sources include abrupt load switching, faults in the power system, and induced lightning transients
from indirect lightning strikes. Additionally, transient voltages from back EMF generated by motor
systems can cause voltage spikes illustrated in Figure 12(b).

Us Us
. Uc
k —[I\ Ip \/\ A A
W— b AW |
) Ri Ri TVS
Vin Vin lep
pp— A|T_| — * -

Figure 12(a): TVS transient clamping operation
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Figure 12(b): TVS transient clamping operation in motor system

77

However, as shown in Figure 13, a SUPER CLAMP TVS can suppress this high voltage down to 32V
(Fig 13 right) compared to without TVS conditions (Fig 13 left). The high transient-handling
capability of the SUPER CLAMP TVS makes it well-suited for meeting the demanding requirements
of most power and industrial systems.

— lpp =132A
Us=50.2V Without TVS
' | fEnsEaes > Uc =31.2V
‘\ h \ ¥ e e 1 \\____
Vinst2v| S - Vin=t2v || e
$ SUPER CLAMP )

Figure 13: TVS transient clamping operation in 12V power system
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Summary

SUPER CLAMP series of TVS diodes deliver significantly lower clamping voltage compared to
conventional TVS under the same pulse current conditions, reducing voltage stress on discrete
components. Additionally, the SUPER CLAMP series can handle much higher pulse currents within
the same package size-300A in DO-218AB versus 170A for traditional models that support PCB
downsizing. With an operational temperature range of -55°C to 175°C and compliance with
automotive qualifications and the ISO 7637 standard, these advantages make the SUPER CLAMP

series an ideal choice for high-performance applications.
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Notice

Notice This application note information is for reference only based on this experiment and the limited quantity of samples,
please follow the datasheet specification or inquire about contact windows before you use in application.
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