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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. You should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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The information in this document is current as of August, 2000. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC's data sheets or
data books, etc., for the most up-to-date specifications of NEC semiconductor products. Not all
products and/or types are available in every country. Please check with an NEC sales representative
for availability and additional information.

No part of this document may be copied or reproduced in any form or by any means without prior

written consent of NEC. NEC assumes no responsibility for any errors that may appear in this document.

NEC does not assume any liability for infringement of patents, copyrights or other intellectual property rights of

third parties by or arising from the use of NEC semiconductor products listed in this document or any other
liability arising from the use of such products. No license, express, implied or otherwise, is granted under any
patents, copyrights or other intellectual property rights of NEC or others.

Descriptions of circuits, software and other related information in this document are provided for illustrative

purposes in semiconductor product operation and application examples. The incorporation of these

circuits, software and information in the design of customer's equipment shall be done under the full
responsibility of customer. NEC assumes no responsibility for any losses incurred by customers or third
parties arising from the use of these circuits, software and information.

While NEC endeavours to enhance the quality, reliability and safety of NEC semiconductor products, customers
agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To minimize
risks of damage to property or injury (including death) to persons arising from defects in NEC
semiconductor products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment, and anti-failure features.

NEC semiconductor products are classified into the following three quality grades:

"Standard", "Special" and "Specific". The "Specific" quality grade applies only to semiconductor products

developed based on a customer-designated "quality assurance program" for a specific application. The

recommended applications of a semiconductor product depend on its quality grade, as indicated below.

Customers must check the quality grade of each semiconductor product before using it in a particular

application.

"Standard": Computers, office equipment, communications equipment, test and measurement equipment, audio
and visual equipment, home electronic appliances, machine tools, personal electronic equipment
and industrial robots

"Special": Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support)

"Specific": Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems and medical equipment for life support, etc.

The quality grade of NEC semiconductor products is "Standard" unless otherwise expressly specified in NEC's

data sheets or data books, etc. If customers wish to use NEC semiconductor products in applications not

intended by NEC, they must contact an NEC sales representative in advance to determine NEC's willingness
to support a given application.

(Note)

(1) "NEC" as used in this statement means NEC Corporation and also includes its majority-owned subsidiaries.

(2) "NEC semiconductor products" means any semiconductor product developed or manufactured by or for

NEC (as defined above).
MSE 00.4
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1. INTRODUCTION

Electronic equipment has remarkably spread in use along with the rapid growth of the information society, and,
within this context, NEC's RD Series of Zener diodes, which are used for voltage regulation applications such as
reference voltage, voltage detection, and level shift, and the NNCD Series of noise clipping diodes for protection
against electrostatic discharge (ESD) and surges occurring in circuits, are being widely used. This manual describes
the characteristics of Zener diodes and noise clipping diodes and is designed as a reference for when these diodes
are used.
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2. DEFINITION OF ZENER DIODE AND NOISE CLIPPING DIODE
2.1 Zener Diode Definition

A Zener diode has the characteristic that when a voltage is applied in the reverse direction as shown in Figure 1, it
changes to low impedance when the voltage reaches a certain value, at which point the current starts flowing rapidly.

The principle consists of exploiting the following breakdown phenomena that occur when the PN junction direction
is reversed.

(1) Zener breakdown occurring through quantum mechanical tunnel effect
(2) Avalanche breakdown caused by electrons occurring in high electric field and avalanche-like increase in
electron holes

These two breakdown phenomena are characterized by a threshold of 5 to 6 V. The Zener breakdown is dominant
when the voltage is under 5 to 6 V, and the avalanche breakdown is dominant when the voltage is higher than 5 to 6
V. The yz Zener voltage temperature coefficient is negative during Zener breakdown, and positive during avalanche
breakdown. Figure 2 shows the relationship between the Zener voltage and the yz Zener voltage temperature
coefficient.

Figure 1. Zener Diode - Current Characteristics Figure 2. V. z - yz Characteristics Example
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2.2 Noise Clipping Diode Definition

A noise clipping diode has the characteristic that when a voltage is applied in the reverse direction as shown in
Figure 3, it changes to low impedance when the voltage reaches a certain value, at which point the current starts
flowing rapidly.

The principle consists of exploiting the following breakdown phenomena that occur when the PN junction direction
is reversed.

(1) Zener breakdown occurring through quantum mechanical tunnel effect

(2) Avalanche breakdown caused by electrons occurring in high electric field and avalanche-like increase in
electron holes

These two breakdown phenomena are characterized by a threshold of 5 to 6 V. The Zener breakdown is dominant
when the voltage is under 5 to 6 V, and the avalanche breakdown is dominant when the voltage is higher than 5 to 6
V.

The noise clipping diode utilizes these characteristics to clip surge noise caused by static electricity, etc., at a set
breakdown voltage.

Figure 3. Noise Clipping Diode - Current Characteristics
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3. MAXIMUM RATINGS OF ZENER DIODE AND NOISE CLIPPING DIODE

It is extremely important to carefully check the maximum ratings when designing circuits that use Zener diodes
and/or noise clipping diodes in order to use these diodes effectively and ensure high reliability.

The ratings applied for semiconductor products are absolute maximum ratings and threshold values that must not
be exceeded in any usage conditions or test conditions. Exceeding these ratings will result in irreversible degradation
of characteristics and possibly even destruction.

Maximum ratings for Zener diodes and noise clipping diodes apply to allowable dissipation, junction temperature,
storage temperature, and surge reverse power. Since these items are interdependent, they cannot be addressed
separately. They also differ depending on the circuit conditions and mounting conditions.

3.1 Temperature Rating

The storage temperature rating is for when no voltage, current, mechanical, or other stress other than temperature
stress is applied to the device. It is specified as an upper and a lower limit that define a temperature range that
enables storage over a long period of time without changes in ratings and characteristics. Normally, the upper value
is specified as the maximum junction temperature, and the lower value is specified between —20°C and -65°C.

The junction temperature rating is normally specified as the maximum junction temperature. No minimum junction
temperature is specified, but it can be considered to be the lower limit of the storage temperature.

The temperature rating is specified taking into consideration the following aspects.

(1) Since the coefficient of thermal expansion differs for the various components of the device, mechanical
stresses occur due to temperature fluctuations. The temperature range must be set to ensure the required
reliability level without component damage.

(2) A range in which the materials that make up the device do not reach their fusion point and do not deteriorate
through the passage of time.

(3) The temperature dependence of the device voltage, current, and other characteristics, so that the specific
ratings and characteristics can be stably maintained.

(4) The reliability of the device, so that the characteristics can be guaranteed for a long period without
deterioration caused by the lapse of time.

Generally, the deterioration of Zener diodes and noise clipping diodes accelerates as the junction temperature

gets higher. The relationship between the average life Lm (time) and the junction temperature T; (K) is indicated in the
following formula, where A and B are fixed constants.

B
logLm OA+ —
T

This relationship between the average life Lm (time) and the junction temperature Tj (K) is as shown in Figure 4.
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Figure 4. Relationship Between Junction Temperature and Failure Rate
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3.2 Power Rating

The power consumption of Zener diodes and noise clipping diodes is converted into thermal energy that causes
the junction temperature to rise. Thus the maximum junction temperature value Tjmax,) limits the maximum allowable
consumption Pmax.,).

However, it is possible to minimize the rise of the junction temperature by efficiently radiating the generated
thermal energy to the outside.

Heat radiation differs depending on the structure of the device and other factors. Thermal resistance R (°C/W) is
used as the coefficient expressing the difficulty to conduct heat. This coefficient is related to the power consumption
in the following way.

Ti=Rth P+ Ta .o (3.2)
Ti:  Junction temperature
Rt: Thermal resistance

P: Power consumption
TA: Ambient temperature
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Thus, allowable dissipation Pvax,) is expressed by the following formula.

Tjmax)—Ta
Rth

P max) =

As expressed in this formula, the allowable dissipation can be improved by reducing the thermal resistance.

(1) Thermal resistance
Thermal resistance Ri can be made smaller by the choice of mounting method. This thermal resistance Rth
varies according to the surface size of the copper film on the printed wiring board and the lead length at the time
of mounting. Figure 5 and Figure 6 show examples of characteristics for RD[ ]JE and RD[ ]F.

Figure 5. Example of S - R t Characteristics Figure 6. Example of S- R  Characteristics
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The heat radiation can be improved by increasing the surface size of the copper film on the printed wiring board.
Attention must also be paid to the fact that the lead wire diameters for RD[ ]JE and RDJ[ ]JF are different, being
respectively 0.5 mm and 0.8 mm. Their heat radiation efficiency also differs; The lead length should be shorter for
RD[ ]E, and longer for RD[ ]F to make heat radiation more efficient. Thus the P - Ta rating can be improved as shown
in Figure 7 and Figure 8.

Figure 9 shows an example of the S-Ri characteristics for NNCDJ ]B, and Figure 10 shows the P - Ta rating.
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Figure 7. P - T A Rating (RD2.0E to 120E) Figure 8. P - T a Rating (RD[ ]JF)
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3.3 Surge Reverse Power Rating

The surge reverse power rating is a rating that is determined for surge voltage and surge current that are
accidentally generated or invade the circuit. It is normal for the junction temperature to exceed the maximum junction
temperature Tjmax,) for this rating, and under no circumstances is it permissible for this surge reverse power rating to
be exceeded, even momentarily.

Thus if surge reverse power is applied some tens to some hundreds of times over the life of the device, the value
of this surge reverse power must be reduced to between 1/2 to 1/3 of this rating.

Figure 11. Surge Reverse Power Rating
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Non-repetitive peak reverse power Prsv (W)

Non-repetitive peak reverse power Prsm (W)
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Non-repetitive peak reverse power Prsv (W)
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4. ZENER DIODE CHARACTERISTICS

Figure 12 shows the Vz-Iz characteristics of a Zener diode.

The equivalent circuit can be represented as shown in Figure 13.

Here, Vz is the same power supply as the voltage value at which the breakdown phenomena start, and Zz is the
operating resistance.
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Figure 12. Example of V z - Iz Characteristics
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Figure 13. Zener Diode Equivalent
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4.1 Zener Voltage V z and Zener Current | z

As shown in Figure 12, Zener voltage Vz increases at the same time as Zener current Iz. Thus, the following
caution must be observed during use.

Caution

The Zener voltage V z rating is determined as a Zener voltage V' z for a given Zener current | z. Thus the
Zener voltage may differ from the expected value depending on the Zener current | z at the time of use. A

Vz-Iz correlation table for the RD Series of Zener diodes (Information Document No. DEI-602 ) that
indicates the Zener voltage upper and lower limits taking into consideration variations in the typical

Zener current | z for the fine classifications of Zener voltages specified in the data sheet is provided. Use

it to determine part numbers and ratings.

Note

Japanese version only
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Table 1. Vz - Iz Correlation Table (Excerpt from Information Document DEI-602)

Part No. Voltage Zener Voltage Vz (V)
Classification Pulse 40 ms [__] Reference value
lz=1mA Iz=5mA Iz=10 mA Iz=20 mA

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX.
RD2.0E Bl 1.24 1.38 1.55 1.73 1.69 1.89 1.88 2.10
B2 1.32 1.45 1.66 1.82 1.80 1.98 2.02 2.20
RE2.2E Bl 1.38 1.51 1.73 1.89 1.89 2.08 2.12 2.30
B2 1.45 1.59 1.83 2.00 2.00 2.18 2.22 241
RD2.4E Bl 1.52 1.64 1.91 2.08 2.10 2.28 2.33 2.52
B2 1.59 1.72 1.99 2.17 2.18 2.38 2.43 2.63
RD2.7E Bl 1.65 1.83 2.08 2.27 2.28 2.50 2.54 2.75
B2 1.76 1.94 2.21 2.42 2.43 2.65 2.69 291
RD3.0E Bl 1.87 2.08 2.34 2.57 2.58 2.80 2.85 3.07
B2 2.00 2.18 2.49 2.70 2.72 2.94 3.01 3.22
RD3.3E B1 2.12 2.31 2.67 2.84 2.87 3.09 3.16 3.38
B2 2.26 2.42 2.78 2.98 3.03 3.24 3.32 3.53
RD3.6E B1 2.35 2.54 2.90 3.13 3.17 3.40 3.47 3.68
B2 2.47 2.69 3.05 3.28 3.32 3.55 3.62 3.83
RD3.9E Bl 2.64 2.86 3.22 3.46 3.48 3.72 3.77 3.98
B2 2.75 3.01 3.36 3.62 3.63 3.88 3.92 4.14
RD4.3E Bl 291 3.15 3.52 3.77 3.78 4.03 4.05 4.26
B2 3.07 3.34 3.68 3.95 3.95 4.19 4.20 4.40
B3 3.27 3.54 3.87 4.13 411 4.35 4.34 4.53
RD4.7E Bl 3.38 3.69 4.03 4.27 4.26 4.48 4.47 4.65
B2 3.51 3.84 4.15 4.40 4.38 4.60 4.59 4.77
B3 3.65 4.14 4.29 4.65 4.56 4.84 4.71 4.91
RD5.1E B1 3.85 4.31 4.49 4.81 4.70 4.94 4.85 5.03
B2 4.16 4.74 4.69 5.10 4.85 5.15 4.97 5.18
B3 4.43 4.96 4.90 5.32 5.02 5.34 5.12 5.35
RD5.6E Bl 4.77 5.16 5.15 5.43 5.23 5.49 5.29 5.52
B2 5.19 5.60 5.38 5.65 5.42 5.69 5.46 5.70
B3 5.43 5.77 5.58 5.85 5.61 5.88 5.64 5.88
RD6.2E Bl 5.70 6.00 5.75 6.04 5.77 6.05 5.81 6.06
B2 5.90 6.22 5.94 6.33 5.96 6.24 5.99 6.24
B3 6.06 6.37 6.09 6.38 6.12 6.39 6.16 6.40
RD6.8E B1 6.20 6.53 6.20 6.55 6.28 6.57 6.32 6.59
B2 6.39 6.72 6.43 6.75 6.47 6.77 6.52 6.79
B3 6.56 6.90 6.63 6.91 6.65 6.95 6.70 6.97
RD7.5E B1 6.76 6.11 6.80 7.14 6.84 7.16 6.88 7.19
B2 6.99 7.33 7.03 7.35 7.07 7.38 7.11 7.41
B3 7.21 7.56 7.25 7.59 7.29 7.61 7.33 7.64
RD8.2E Bl 7.40 7.79 7.45 7.82 7.50 7.85 7.56 7.90
B2 7.66 8.04 7.70 8.07 7.76 8.10 7.82 8.15
B3 7.91 8.30 7.96 8.33 8.01 8.36 8.07 8.41
RD9.1E B1 8.24 8.64 8.27 8.67 8.30 8.67 8.33 8.70
B2 8.51 8.95 8.53 8.96 8.56 8.96 8.61 8.99
B3 8.79 9.25 8.82 9.26 8.85 9.26 8.89 9.29
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4.2 Zener Voltage V z and Zener Voltage Temperature Coefficient  y

Zener voltage Vz changes according to the chip junction temperature. This is caused by the two breakdown
phenomena described in section 1, and the rate of change, i.e. Zener voltage temperature coefficient yz, is expressed
by the following formula.

yz= AVZ AT ............ (4.1) AVz: Zener voltage change amount
ATj: Junction temperature change amount

The actual Zener voltage temperature coefficient yz (ambient temperature T1 to T2) is generally expressed by the
following formula.

_ Vz(T2)=Vz (Ta) o0/ /0
Vo= 50 e Ta 100 (%/°C) ... 4.2)

Since this temperature coefficient exists, consideration of the rise in junction temperature is required when
considering Zener voltage Vz. The calculation method for the junction temperature is described in detail in the
following section, but consideration of the ambient temperature, mounting method, and operating time is required.

Caution
Zener voltage temperature coefficient  yz changes according to Zener current |z as shown in Figure 14.

Thus evaluation using the actual Zener current used is required.

Figure 14. Zener Voltage Temperature Coefficient
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4.3 Zener Voltage V z and Ambient Temperature

The Zener voltage when ambient temperature Ta = T is expressed by the following formula.

V2 (Ta=T) = Vz (Ta= 25°C) + Vz (Ta=25°C) I(i/g X (T - 25) ............ (43)

Caution
In the case of devices for which high precision is required, such as measuring instruments, full
consideration must be given to the ambient temperature. If Zener diodes are used as reference power
supplies in such devices, use of a reference diode instead of a general Zener diode is recommended.

Reference
Reference diode
This type of diode is a Zener diode especially designed to reduce Zener voltage temperature coefficient yz
for devices that require high precision, based on the principle of canceling positive Zener voltage
temperature coefficient yz using the forward voltage VF (yz is negative) of a general diode.
The following three product groups are available.

Package DO-35 DO-35
Vz (V) TYP. 6.2 6.4
¥z (%/°C)"" 0.01 1S750 1SZ45A
0.005 1Sz51 1SZ46A
0.002 158752 1Sz47 1SZ47A
0.001 1S753 15748 1SZ48A
Ta (°C) 0to 75 -25to0 +75 -10 to +60 -40 to +100

Note Zener voltage temperature coefficient yz calculation method

e 1SZ45A Series, 1SZ53 e 1S750t0 1SZ52
Either yzL or yz+ is used as yz, with the one with the
yz= AVz . 100 larger absolute value being selected.
Ta (MAX.) — Ta (MIN.) Vz
_ AV 100 _ AVzH 100
yzo= —— X ZH= ————— X
Note that AVz is the difference between the Ta2—Tar  Vz Tas—Taz  Vz2
maximum value and minimum values of Vz at Ta
(MIN.), 25°C, Ta (MAX.). Ta1=-25°C Ta2=25°C Ta3=75°C

AVz.: Difference between maximum value and
minimum value for Ta1, Taz.

AVzh: Difference between maximum value and
minimum value for Ta2 and Tas.
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4.4 Zener Voltage V z and Operating Time

Zener voltage Vz changes because junction temperature Tj rises due to dissipation P when power is applied. The
calculation method for this junction temperature is explained in detail in section 6, but if the operating time is short,
the Zener voltage drift is expressed by the following formula.

Vz=Vz+I1z-Vz-Ztht-t) - YZ cerienennnnnn (4.4)

(Junction temperate rise amount)
Vz: Zener voltage after initial period t (V)
V'z: Zener voltage after t’ time (V)
Iz: Zener current (A)
Zn v): Difference in transient thermal impedance between t' and t (°C/W)
yz: Zener voltage temperature coefficient (V/°C)

Caution
A considerable margin is required due to variations in thermal resistance R th and Zener voltage
temperature coefficient yz in order to guarantee correlations through pulse measurement of the steady-
state value of the Zener voltage. Thus it is difficult to guarantee a steady-state value of +2%. Therefore,
the pulse method (the method that uses V  z as the measurement value after the power application time
tr (ms) has elapsed) is used for the Zener voltage rating, and a pulse width value of t p=40 msis
commonly employed. Thus it is necessary to calculate the Zener voltage during operation using the
above formula according to actual use.

4.5 Zener Voltage V z and Mounting Method

If the operating time is long, Zener voltage Vz reaches a thermal equilibrium and becomes a steady-state value.
This steady-state value is expressed by the following formula using thermal resistance Rw described in 2.3.

Vz=Vz+1z-Vz:- (Rh—=Zth () - YZ .ervverrnnnnn (4.5)

(Junction temperature rise amount)
Vz:  Zener voltage after initial period t (V)
V'z:  Steady-state value
Ri:  Thermal resistance
Zih @©): Transient thermal resistance at time t
yz.  Zener voltage temperature coefficient

As described in section 3.2, the thermal resistance value changes according to the mounting method. Therefore, it
is possible to minimize changes in Zener voltage Vz caused by the consumption resulting from the thermal resistance
by selecting a mounting method that minimizes thermal resistance.

As indicated in Figure 5 and Figure 6, the thermal resistance can be reduced by using a large printed board
copper film surface, or making the lead length shorter for RE[ ]E and making it longer for RD[ ]F. (See section 2.)

User's Manual D14724EJ3VOUMO0 19



5. ESD TOLERANCE OF NOISE CLIPPING DIODE

Noise clipping diodes comply with the electrostatic discharge test (IEC61000-4-2), which requires that electronic
devices have a noise elimination capability (immunity), which is currently an international trend, and guarantee the
following contact discharges:

High ESD tolerance type: 30 kV
Low-capacitance type: 8 kV

Figure 15 shows the electrostatic discharge test circuit as per IEC61000-4-2, and Table 2 shows the ratings.

Figure 15. Table 2. Ratings
Discharge S.W
Level | Test Level | Test
Rch Rd
— @_D Voltage Voltage
330 Q Duscharge electrode Contact Aerial

Discharge Discharge

1 2 kv 1 2 kv

Cs

;7_1 HV.D.C. A 2 4 kV 2 4 kV

150 pF 3 6 kv 3 8 kv

4 8 kv 4 15 kV
X Special X Special

O

Earth return cable
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6. JUNCTION TEMPERATURE CALCULATION METHOD

The junction temperature is generally calculated using the following formula. (See section 3. (3.1).)

Ti=Rth-P+TAa.ccoooiiinnns (6.1)
Ri: Thermal resistance
P: Power consumption
Ta: Ambient temperature

6.1 Junction Temperature Calculation Method in Case of Pulsed Power Consumption

If power consumption is in pulses, a reliable junction temperature cannot be obtained without newly using
transient thermal impedance. Here, since the Zener diode can be used in applications in which the application current
is subject to variations such as surge absorption and level shifts, the junction temperature calculation method in the
case of pulsed power consumption is described.

(1) Transient thermal impedance

Transient thermal impedance refers to the inverse of the conductance for pulsed power consumption. The travel
path of the heat generated at the chip junction due to power consumption, which varies slightly depending on the
structure (glass sealing, plastic sealing), is largely as follows:

Junction - Chip (silicon) —» Case - (heat sink) — Ambient air

Generally, a steady state takes 1 to 10 seconds to occur between the junction and case, and several minutes
between the case and ambient. Thus in the case of a short-pulse power consumption, the temperature rise is limited
to the vicinity of the junction, and does not lead to heat radiation.

Generally transient thermal impedance for a short pulse width is approximated using the following formula.

Zin Oy t Zw: Overheat impedance
t:  Pulse width

(2) Junction temperature calculation method in case of pulsed power consumption
Basically power consumption is approximated to a square wave, and the junction temperature is calculated using
the following formula and the principle of superposition.

ATi=Ztn (@) - P oeeeeeeens (6.2)

ATj:  Junction temperature rise amount
Zw (t): Transient thermal impedance for pulse width t
P: Power consumption
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(i) Irregular repetitive square wave power consumption
Figure 16 shows how to calculate junction temperature rises for irregular square wave power consumption.
The junction temperature rise for irregular square wave power consumption is obtained by using the principle
of superposition, with an assumption that infinite positive power consumption Pz is applied step-wise from t =
to, and then an infinite negative power consumption is applied step-wise from t = t1, which is applied to P2, Ps,
and P4 below. The calculation result is as follows.

Figure 16. How to Obtain Junction Temperature Rise in Case of Irregular Repetitive Square Wave Power

Consumption
Po Ps
P2

@ P
Power b
consumption P1

t
to t t2 t3 ta ts te t7
Po b E Lo E i
: : : Ps — : :

(b) PP E E E E
Analysis based : : | Py ————
on principle of P1 i
superposition ] H 1 i

Py — : :
: : : i L
Y : :
e s
AT, L 5 Lo 5 5

(© Lo S P : S
Conversion to 1 1 1 N i i
junction tempe- :
rature rise . / T / ] / |

AT Lo ; P ; ;

) e |
Junction tempe- ' ' ATiz AT ' & ATia
rature rise 1 1 ! A | |

ATp : : { : :
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(ii)

ATir = P1 - Zt (t1 — to)
ATz = P1 [Zth (13 — t0) — Zth (t3 — t1)] + P2 Zin (t3 — t2)
ATjz = P1[Zth (t5 — to) — Zth (t5 — t1)]

+ P2 [Zth (t5 — t2) — Zth (t5 — t3)] + P3 Zth (t5 — ta)
ATia = P1 [Zih (t7 — to) — Zth (t7 — t1)]

+ P2 [Zth (t7 — t2) — Zth (t7 — 13)]

+ P3 [Zth (t7 — ta) — Zth (t7 — t5)] + Pa Z (t7 — t6)

This can be expressed as a general formula as follows.

n
A Tin =.Zl Pi [Zth (ton-1 —t2i-2) — Zth (ton—1 —t2i-1) ] ceeneiennnnes (6.3)
i £
P1, P2, ..., Pn: Power consumption
ATj1, ATz, ..., ATin: Junction temperature rise at end of P1, P2, ..., Pn
fo, 1, ..., tn: Power consumption beginning and end times
Zin (tX — ty): Transient thermal impedance for pulse width (tx — ty)

Repetitive square wave power consumption

Figure 17 shows how to obtain the junction temperature rise for irregular square wave power consumption.
Calculating the junction temperature rise for irregular square wave power consumption by combining 2 or 3
waves that differ from the average over the total period for power consumption waveforms is the most simple
and accurate method.

Concretely, the junction temperature rise amount is obtained by applying t/T Po for an infinite period from
power consumption waveform approximation (b), then further applying (1 — t/T) Po for a period of (t + T), —Po
for a period of T, and Po for a period of t. The calculation result is as follows.

AT (peald % Po Rin + (1 — %) PoZin (T +t) — PoZin (T) + PoZin (t)

Po [% Rin + (1 — %) Zon (T =Zo (M) +Z0 (] corrrre . (6.4)

ATjpeak): Maximum junction temperature rise value

Po: Power consumption

t: Power consumption pulse width
T: Cycle

Rih: Thermal resistance

Zn (t):  Transient thermal impedance for pulse width t
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Figure 17. How to Obtain Junction Temperature Rise in Case of Regular Repetitive Square Wave Power
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(i) Non-square wave power consumption square wave approximation

Since actual power consumption waveforms have a complex shape, the junction temperature is obtained
using the methods described in (i) and (ii) following square wave approximation.

When the waveform closely approximates a square waveform as in Figure 18 (a), the same peak value is
used and a pulse width resulting in the same area is used.

With regard to the sine wave and the triangular wave shown in Figure 18 (b), the peak value 0.7 x Pp and the
pulse widths 0.91 x t and 0.71 x t are used (which results in the same area).

In the case of a complex waveform such as the one shown in Figure 18 (c), the waveform is approximated as
several square waves so as to obtain the same area.

A point that must be paid attention to when approximating these waveforms is that calculation results may
greatly differ even for the same power consumption depending on the approximation method. This is
because the rise in junction temperature for the same energy is greater when the peak value is large and the
pulse width is short than when the peak value is small and the pulse width is large.

In Figure 19, fine gradations such as in (b) are more desirable for economic design as they approximate the
actual rise in temperature more than in the case of (a).

In the approximation shown in Figure 18 (b), AT; = 62°C, which is almost equivalent to the value in Figure 19

(b).

Figure 18. Power Consumption Square Wave Figure 19. Junction Temperature Rise for
Approximation Triangular Power Consumption
(@) P1
% (@ (b)
S Pi-t1=S P (W) P (W)
P1
b 20 20
150 15F |
() Pr Pe Pr 10r 1.0+
S
[\ 0.7Pp /\ 0.7Pr AN 0.7P» 05F 0.5
0%

0.91t | /0 71t\

©

\ 0 10 20 30 40
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7. ALLOWABLE POWER FOR PULSED POWER

Applications for Zener diodes can be generally classified into constant voltage circuits, constant current circuit
level shift, fixed bias level shift, clippers, limiters, slicers, and surge absorption, as shown in the basic circuit
examples in Figure 24.

As can be seen from these circuit examples, Zener diodes are frequently used with pulsed power, which is divided
into three major categories.

(1) Single pulse
(2) Single pulse power applied on top of continuous DC power
(3) Repetitive pulse power

These allowable powers are calculated as follows based on the junction temperature calculation methods
introduced in section 6. (Also see section 6 for the power waveform approximation methods.)

Load Type Power Waveform Allowable Power (Peak Value)

Single pulse load P Ti—-T
gep 0 _ Lpx Puz A )
t Zin (1)
Load for which single pulse load is Pwm
gle p S I T

z

superimposed on continuous DC load Ti—Ta—Pz-Rn
M= ———— 4 Pz........ 2
0 Zin (t)
t
Continuous repetitive pulse load Pu b Ti—Ta
M=
t t
LUUUY R R,
t T T
..................... 3)
However,
Rih: Thermal resistance during steady state Ti: Junction temperature rating

Zn (t):  Transient thermal impedance at time t
Zin (T): Transient thermal impedance at time T
Zi (t+T): Transient thermal impedance at timest+ T

Figures 20 to 23 show the transient thermal impedance characteristics of NEC’s Zener diodes.
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Figure 20. Transient Thermal Impedance Characteristics
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Figure 22. Transient Thermal Impedance Characteristics
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Figure 24.
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8. CONCLUSION

When using Zener diodes, observe the points described in this manual, make efficient use of the data listed in
data sheet, and consider the use of NEC’s RD Series of Zener diodes.
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