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Differences between TVS and Zener Diodes

Transient voltage suppressor (TVS) diodes and Zener diodes have a common feature: when a reverse voltage is applied, a

breakdown occurs at a certain voltage and the voltage is clamped. This application note explains the differences between the TVS

and Zener diodes.

Difference in operating range in terms
of I-V characteristics

Figures 1 and 2 show the I-V characteristics of the Zener and
TVS diodes,
characteristics in the reverse direction. However, since the

respectively. Both diodes similarly utilize
Zener diodes are mainly used for constant voltage
applications, they are designed to stabilize the voltage in the
small current region, such as between 1 mA and 40 mA.
Therefore, a large current cannot be applied to them (shaded
area in Figure 1). Zener voltage Vz is specified as a voltage
across the diode when the specified small current (Iz) in the
breakdown region is applied. Usually, they are always used in
the breakdown state.

Vz: Zener voltage
Iz: Current to specify Vz
Ir: Reverse current

Vr: Reverse voltage to specify Ir

Figure 1. |-V characteristics of Zener diode

The TVS diodes are usually used below standoff voltage Vrwm
(shaded area on the right side in Figure 2), so that the driving
voltage of the circuit to be protected is not interrupted. A
breakdown occurs when an overvoltage such as a surge is
applied, causing a current between a few A and several tens

of A to flow (shaded area on the left side).

Since a breakdown must not occur usually, two values are
specified: standoff voltage Vrwwm, which is the maximum value
of voltage that never causes a breakdown, and breakdown
voltage Var.

Since breakdown voltage Ver is measured with a small current
similarly to Zener voltage Vz, it is different from the avalanche
voltage under actual application conditions. Therefore,
clamping voltage VcL is specified as the maximum breakdown

voltage when a large current is applied.

LR

- lgr (= 12)

rIpp

VeRr: Breakdown voltage (same as Zener voltage)
Isr: Current to specify Ver

Ir: Reverse current

VRr: Reverse voltage to specify Ir

Vrwm: Standoff voltage

Veu: Clamping voltage

Irp: Peak pulse current

Figure 2. |-V characteristics of TVS diode
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Differences in specifications
on data sheets

Table 1 shows differences in the specifications on data sheets
between the TVS and Zener diodes. As explained in the
previous section, since the Zener diodes are used mainly for
constant voltage applications, only Zener voltage Vz in the

small current region is specified.

In contrast, the TVS diodes control a wide range of voltage
with three parameters: breakdown voltage Vsr and standoff
voltage Vrwwm in the small current region, and clamping voltage

Ve in the large current region.

Peak pulse power Ppp, which represents the maximum surge
power that can be withstood in a specific surge waveform, and
peak pulse current lpp, which represents the maximum surge

current, are specified for the TVS diodes only.

The ESD rating is specified only for TVS diodes used as a

countermeasure against ESD.

The capacitance between terminals must be selected so that
data waveforms are not blunted due to the capacitance when
the diodes are used in communication lines. Therefore, it is

specified for the TVS diodes only.

As described above, since the Zener diodes are mainly used
in constant voltage applications, they have fewer parameters
such as the Zener voltage specified on the data sheets. Since
the TVS diodes are intended to protect other devices from
surges, their voltage specifications are widely controlled and
important parameters are specified, including the ESD rating

and the capacitance between terminals.

Table 1. Differences in specifications
on data sheets between TVS and Zener diodes

Parameter TVS Zgner

Diode
g?:aelzgc?vl:igv%l\t/azge VBR Ver Vz

Reverse current Ir Listed Listed
Standoff voltage Vrwm Listed -
Clamping voltage VcL Listed -
Peak pulse power Ppp Listed -
Peak pulse current lpp Listed -
ESD rating Listed -
Capacitance between terminals Listed -
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Notice

Notice

1) The information contained in this document is intended to introduce ROHM Group (hereafter
referred to asROHM) products. When using ROHM products, please verify the latest specifications
or datasheets before use.

2) ROHM products are designed and manufactured for use in general electronic equipment and
applications (such as Audio Visual equipment, Office Automation equipment, telecommunication
equipment, home appliances, amusement devices, etc.) or specified in the datasheets. Therefore,
please contact the ROHM sales representative before using ROHM products in equipment or
devices requiring extremely high reliability and whose failure or malfunction may cause danger or
injury to human life or body or other serious damage (such as medical equipment, transportation,
traffic, aircraft, spacecraft, nuclear power controllers, fuel control, automotive equipment including
car accessories, etc. hereafter referred to as Specific Applications). Unless otherwise agreed in
writing by ROHM in advance, ROHM shall not be in any way responsible or liable for any damages,
expenses, or losses incurred by you or third parties arising from the use of ROHM Products for
Specific Applications.

3) Electronic components, including semiconductors, can fail or malfunction at a certain rate. Please
be sure to implement, at your own responsibilities, adequate safety measures including but not
limited to fail-safe design against physical injury, and damage to any property, which a failure or
malfunction of products may cause.

4) The information contained in this document, including application circuit examples and their
constants, is intended to explain the standard operation and usage of ROHM products, and is not
intended to guarantee, either explicitly or implicitly, the operation of the product in the actual
equipment it will be used. As a result, you are solely responsible for it, and you must exercise your
own independent verification and judgment in the use of such information contained in this
document. ROHM shall not be in any way responsible or liable for any damages, expenses, or
losses incurred by you or third parties arising from the use of such information.

5) When exporting ROHM products or technologies described in this document to other countries, you
must abide by the procedures and provisions stipulated in all applicable export laws and regulations,
such as the Foreign Exchange and Foreign Trade Act and the US Export Administration
Regulations, and follow the necessary procedures in accordance with these provisions.

6) The technical information and data described in this document, including typical application circuits,
are examples only and are not intended to guarantee to be free from infringement of third parties
intellectual property or other rights. ROHM does not grant any license, express or implied, to
implement, use, or exploit any intellectual property or other rights owned or controlled by ROHM or
any third parties with respect to the information contained herein.

7) No part of this document may be reprinted or reproduced in any form by any means without the
prior written consent of ROHM.

8) All information contained in this document is current as of the date of publication and subject to
change without notice. Before purchasing or using ROHM products, please confirm the latest
information with the ROHM sales representative.

9) ROHM does not warrant that the information contained herein is error-free. ROHM shall not be in
any way responsible or liable for any damages, expenses, or losses incurred by you or third parties
resulting from errors contained in this document.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.
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