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Absolute Maximum Rating
and Electrical Characteristics of Diodes

Data sheets for diodes provide specifications corresponding to the diode types. This application note explains the parameters

listed for the absolute maximum rating and the electrical characteristics of the diodes.

Definition of absolute maximum rating

Absolute maximum rating is defined as “a synonym of maximum rating” in the JEDEC standard (JESD77D section 2.1, JESD88F)

created by the JEDEC Solid State Technology Association. Subsequently, the “maximum rating” is defined as follows.

- Maximum rating (JESD77D section 2.1, JESD88F, JESD99C section 2.2.1):
A rating that establishes either a limiting capability or a limiting condition beyond which damage to the device may occur. (Ref.
IEC 747-1.)
NOTE 1: Alimiting condition may be either a maximum or a minimum.

NOTE 2: IEC 747-1 refers to such a limiting condition as a “rating (limiting value)”.

- Maximum rating (JESD 282B.02 section 4.4):
Maximum thermal and electrical ratings assigned to the device are to be given in this clause. Maximum ratings are those

which, if exceeded, may cause permanent damage, or introduce latent failure mechanisms within the device.

Furthermore, it is referred to as a “rating (limiting value)” and defined as follows by the International Electrotechnical Commission
(IEC).

- Rating (limiting value) (IEC60747-1 section 5.2.1):

Semiconductor ratings are the limiting conditions of use that all conforming devices will withstand but beyond which damage
to the device may occur.
NOTE 1: Limiting conditions may be either maxima or minima and are known as maximum ratings and minimum ratings,

respectively.

The absolute maximum rating is the value that must not be exceeded under any circumstance. Devices are not designed to
operate with the value described for the absolute maximum rating. The concepts of tolerance and actual value are not applicable,
either. In addition, devices may be damaged if this value is exceeded. However, it does not mean that the devices will necessarily

be damaged if they are operated at this value.

Description of parameters

Since the parameters described depend on the diode types, they are classified into the following three groups for explanation in

this application note.

Group 1: Schottky barrier diode, Fast recovery diode, Switching diode, Rectifier diode
Group 2: Zener diode, TVS (Transient Voltage Suppressor) diode
Group 3: PIN diode, Band switching diode, Detection schottky diode
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Group 1: Schottky barrier diode (SBD)
Fast recovery diode (FRD)
Switching diode (SW)
Rectifier diode (REC)

Absolute maximum rating

Parameter

Symbol

Type

SBD

FRD| SW

REC

Description

Repetitive peak reverse
voltage

VRM

The maximum reverse voltage value that can be applied repeatedly.
Synonymous with “repetitive peak reverse voltage Vrrm” used by
the JEDEC and the IEC.

Indicates the maximum instantaneous value of reverse voltage
among all repetitive transient voltages excluding all non-repetitive
transient voltages.

Repetitive
peak reverse
voltage

VRRM

Non-repetitive
peak reverse
voltage

Vrsm

Reverse voltage

The maximum reverse voltage value that can be applied
continuously.

Synonymous with “reverse voltage VRr” used by the JEDEC and
the IEC.

Indicates the maximum value of DC voltage excluding the AC
component applied to the diode in the reverse direction.

Average rectified forward
current

The maximum average current that can be rectified at commercial
frequencies under the specified conditions.

Indicates the maximum value of average output current over the
entire cycle from a rectifier with a sine wave input at 50 Hz or 60
Hz and a conduction angle at 180°.

Forward current

lem

The maximum forward current value that can be applied repeatedly.
Synonymous with “repetitive peak forward current Irrm” used by
the JEDEC and the IEC.

Indicates the maximum value of forward current among all
repetitive transient currents excluding all non-repetitive transient
currents.

Repetitive
peak forward
current lerm

Non-repetitive
peak forward
current lgsm

NOTE: The parameters may not be indicated depending on the product model names.
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Application Note

Group 1 (continued)

Absolute maximum rating (continued)

Type
Parameter Symbol Description
YmPe sBD[FRD| sw [REC P
The maximum value of non-repetitive forward current under the
specified conditions.
Indicates the maximum value of forward current among all non-
repetitive transient currents excluding all repetitive transient
currents.
Peak forward surge current | lrsm VAR A VAN
» ! Non-repetitive
Repetitive peak forward
peak forward current lesy
current lerm
. Indicates the maximum value of the temperature at the
Junction temperature Ty v VY | V|V semiconductor junction.
Indicates the temperature at which the device is stored without the
Storage temperature Tstg VAR A VA power being supplied.

NOTE: The parameters may not be indicated depending on the product model names.

Electrical Characteristics

Parameter

Symbol

Type

SBD

FRD

SW

REC

Description

Forward voltage

VF

The forward voltage when the specified forward current is applied.
Indicates the anode-cathode voltage generated by the flow of the

specified forward current (I). This is a DC value excluding the AC
component.

Reverse current

IR

The reverse current when the specified reverse voltage is applied.
Indicates the current flowing from an external circuit to the cathode
terminal at the specified reverse voltage (VRr) that is lower than the
breakdown starting voltage.

NOTE: The parameters may not be indicated depending on the product model names.
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Group 1 (continued)

Electrical Characteristics (continued)

Type
Parameter Symbol 2 Description
SBD |FRD| SW |REC

Indicates the time section from the moment the current crosses
zero until the current returns to zero after the reverse current
reaches the peak value (Irmrec)) when the current changes its
direction from forward to reverse.

I

)

Reverse recovery time trr - v | v -

IrmReQ)|-—-

Synonymous with “peak reverse recovery current Irmrec)” used by
the JEDEC.

Indicates the maximum instantaneous value of reverse current
generated when the state switches from the forward current to the
reverse voltage.

I

Peak reverse recovery B L I
current IR v F
0
IrmREC)
Indicates the charges calculated as a time integrated value of the
reverse current flowing within reverse recovery time trr.
I
trr
[r—
Reverse recovery charges | Qrr - v - -
faX >
0 \/ A >4 >t
[rMREC) [~ - Qr
NOTE: The parameters may not be indicated depending on the product model names.
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Group 1 (continued)

Electrical Characteristics (continued)

Parameter Symbol
REC

Description

Forward recovery time tr

The time for the transient forward voltage to return to the steady
forward voltage.

Indicates the time section measured from the moment the forward
voltage is increased to 10% of the final stable value with an
application of the specified forward step current from zero or the
specified reverse voltage state until the moment the forward
voltage falls from its peak value to 110% of the final stable value.

Iem
0.9 Igm

0.1Ve

Forward recovery voltage |Ver

Synonymous with “peak forward recovery voltage Vrrm” used by
the JEDEC and the IEC.

Indicates the maximum value under a condition specified with the
forward recovery time.

See the figure above.

Capacitance between

. C
terminals t

Indicates the capacitance across the diode at the specified bias

voltage and frequency.

NOTE: The parameters may not be indicated depending on the product model names.
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Application Note

Group 2: Zener diode (ZD)

TVS diode (TVS)

Absolute maximum rating

Type

Parameter Symbol

ZD

TVS

Description

Peak pulse power Pep -

Represents the maximum surge power that the device can withstand without
being damaged. The test waveform used is the Telcordia GR-1089-CORE
10/1000us impulse waveform, which is used as the industry standard test
condition, or an impulse waveform specified in IEC 61000-4-5. The maximum
rating value is a product of the peak impulse current (Ipp) and the maximum
clamping voltage (Vc).

I A = RISE TIME = 1.25(b-a) = T;-To
B = DECAY TIME = (T2-To)
A/B Waveform: 10/1000us

Ipp

0-9 IPP 777777777777777 i

0.5 Ippf----Aff--- Aol S

0.1 Ipp 7777777
0

1
1000ps

GR-1089-CORE Double-Exponential Impulse Waveform

Isc (IPP) normalized

1.0b
0.9

Front time: Tf=1.25 x Tr = 8pus + 20%
Duration: Td=1.18 x Tw = 20us * 20%

NOTE 1: The value 1.25 is the reciprocal
of the difference between the 0.9 and 0.1
thresholds.

NOTE 2: The value 1.18 is derived from
empirical data.

IEC 61000-4-5 Waveform of short-circuit current (8/20 us) at the
output of the generator with no CDN connected.

Peak pulse current Ipp -

Represents the maximum surge current that the device can withstand without
being damaged. See the figure above for the test waveform.

Power dissipation Po

Synonymous with “maximum steady-state power dissipation Pp” used by the
JEDEC.
Represents the maximum rating value of continuous DC power loss.

Junction temperature Ty

See Group 1.

Storage temperature Tstg

See Group 1.

NOTE: The parameters may not be indicated depending on the product model names.
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Group 2 (continued)

Absolute maximum rating (continued)

Parameter

Symbol

Type

ZD

TVS

Description

ESD capability

VEsp

The value of the electrostatic discharge rating under the specified conditions.

The IEC 61000-4-2 standard describes tests simulating a situation in which an

electrically charged human body holds a piece of metal in one hand and

discharges to electronic equipment. The following two types are defined.

- Air discharge: Represents the electrostatic discharge when a discharge
occurs with an air layer existing between the equipment under test and the
discharge terminal.

- Direct contact discharge: Represents the electrostatic discharge when a
discharge occurs with a direct contact between the equipment under test
and the discharge terminal.

The human body model (HBM) describes tests simulating a situation in which
the electrically charged human body contacts a device and a discharge
occurs. (MIL-STD 883E method 3015.7, JEDEC JS-001)

The machine model (MM) describes tests simulating a situation in which an
electrically charged piece of metal contacts a device and a discharge occurs.
The JEDEC specifies that MM should not be used as a certification
requirement for ESD of integrated circuits (see JEDEC JEP172).

The charged device model (CDM) describes tests simulating a situation in
which the device itself is electrically charged and static electricity is
discharged. (JEDEC JS-002)

NOTE: The parameters may not be indicated depending on the product model names.
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Group 2 (continued)

Electrical Characteristics

Type

Description
ZD |TVS

Parameter Symbol

The current flowing from an external circuit to the cathode terminal at the
specified reverse voltage (VR) that is lower than the breakdown starting
voltage.

Reverse current Ir v >\

The voltage across the diode at a current (lzr) specified with the breakdown
region.

Zener voltage Vz v -

Iz, Izt

Represents the slope of the Zener voltage when a breakdown occurs.
Synonymous with “regulator (Zener) impedance zz” used by the JEDEC.
The small signal impedance of the diode that is biased with Izt so that it can
operate in the breakdown region. The impedance is measured by
superimposing effective value current Izt (Iztis 10% or less of Izr). The
parameter can be determined from a variation in the Zener voltage against a
small change in the reverse current.

I

A
_ Vzl(rms)

Dynamic impedance Zz v -

z- Izt(rms)

NOTE: The parameters may not be indicated depending on the product model names.
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Group 2 (continued)

Electrical Characteristics (continued)

Parameter Symbol

Type

ZD

TVS

Description

Zener Impedance Zzk

Represents the slope of the Zener voltage in the knee characteristic part
entering a breakdown.

Synonymous with “regulator (Zener) knee impedance zz” used by the
JEDEC.

The small signal impedance of the diode that is biased with Iz« so that it can
operate on the knee entering the breakdown region. The impedance is
measured by superimposing effective value current Iz (I« is 10% or less of
Iz«). The parameter can be determined from a variation in the Zener voltage
against a small change in the reverse current.

Vzk(rms) I
| _ Vzk(rms)

| = Izk(rms)

Breakdown voltage VBRrR

The voltage measured with the specified current in the breakdown region. It
has the same implication as that of the Zener voltage of Zener diodes, and is
measured with a very small current such as a few mA.

rIgr

Stand-off voltage VrRwM

The maximum voltage immediately before the TVS enters the breakdown
state. This parameter is important for protective elements because the TVS
will not operate below this voltage when an application circuit is in the normal
state.

VRWM

NOTE: The parameters may not be indicated depending on the product model names.
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Application Note

Group 2 (continued)

Electrical Characteristics (continued)

Parameter

Type

Symbol

ZD

TVS

Description

Clamping voltage

Vel

under actual application conditions. Therefore, the maximum breakdown

Isc EIPP) normalized Front time: Tf=1.25 x Tr = 8us + 20%
N Duration: Td=1.18 x Tw = 20ys * 20%

thresholds.

empirical data.

The peak voltage across the TVS when an impulse current (lpp) is applied as
specified in IEC61000-4-5. Since breakdown voltage Vgr is measured with a
very small current such as a few mA, it is different from the avalanche voltage

voltage when a large current is applied is indicated as clamping voltage VcL.

NOTE 1: The value 1.25 is the reciprocal
of the difference between the 0.9 and 0.1

NOTE 2: The value 1.18 is derived from

IEC 61000-4-5 Waveform of short-circuit current (8/20 ps) at the
output of the generator with no CDN connected.

Ve

rIpp

Capacitance between
terminals

Ct

For usage in communication lines, it is necessary to select a TVS with a

The capacitance across the diode at the specified bias voltage and frequency.

capacitance between terminals so that data waveforms will not be blunted.

NOTE: The parameters may not be indicated depending on the product model names.
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Application Note

Group 3:

PIN diode (PIN)

Band switching diode (BSD)
Detection schottky diode (DET)

Absolute maximum rating

Paramet Syl Descripti

T m ription

aramese ymbol o\ [BSD|DET S

Repetitive peak reverse _ _ See Group 1.

voltage VR v

Reverse voltage VR v | v | v |SeeGroup1.
The maximum forward current value that can be applied continuously.

Forward current IF v | v | v [|Thisis a DC value excluding the AC component of a current flowing
through the diode in the forward direction.

Junction temperature T v See Group 1.

Storage temperature Tstg v See Group 1.

NOTE: The parameters may not be indicated depending on the product model names.

Electrical Characteristics

resistance

Type -
Parameter Symbol Description
PIN |BSD|DET

Forward voltage Ve See Group 1.
Reverse current IR See Group 1.
Capacitance between See Group 1.
terminals C SV
Hiah frequency forward The equivalent series resistance when the specified forward current is

9 q Y re v | v/ - | applied at the specified frequency. The parameter is measured with an

impedance analyzer.

NOTE: The parameters may not be indicated depending on the product model names.
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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.

ROHM ROHM Customer Support System

SEMICONDUCTOR

https://www.rohm.com/contactus

www.rohm.com
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