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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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CAUTION

Within this device there exists GaAs (Gallium Arsenide) material which is a
harmful substance if ingested. Please do not under any circumstances break the
hermetic seal.

The application circuits and their parameters are for reference only and are not intended for use in actual design-ins.

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in this
document.

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from use of a device described herein or any other liability arising
from use of such device. No license, either express, implied or otherwise, is granted under any patents,
copyrights or other intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard", "Special", and "Specific". The Specific quality grade applies only to devices developed based on
a customer designated "quality assurance program” for a specific application. The recommended applications
of a device depend on its quality grade, as indicated below. Customers must check the quality grade of each
device 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: Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life

support systems or medical equipment for life support, etc.
The quality grade of NEC devices is "Standard" unless otherwise specified in NEC's Data Sheets or Data Books.

If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.
Anti-radioactive design is not implemented in this product.

M4 96.5

The information in this document is subject to change without notice.

The mark % shows major revised points.
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1. GENERAL

Recently, photocouplers have been supplanting relays and pulse transformers for complete noise elimination,
level conversion, and high-potential isolation. Microprocessor systems are requiring more and more photocouplers
on the limited area of PC boards for 1/0O interface and other purposes. For these requirements, NEC has
manufactured multi-channel photocouplers having 4 pins (for one channel) to 16 pins (for four channels). These
multi-channel photocouplers are called the PS2500 series photocouplers.

The PS2500 series photocouplers are divided into PS2501, PS2502, PS2505, and PS2506 according to their
functions. (PS2501L, PS2502L, PS2505L, and PS2506L have leads formed for surface installation.)

This manual describes features, structures, and basic characteristics of the PS2500 series photocouplers.

2. FEATURES, STRUCTURES, AND PACKAGE DIMENSIONS

2.1 Features

The major feature of PS2500 is very high isolation voltage between input and output. The improvement in
dielectric strength of the PS2500 Photocouplers has been accomplished by the double molding package structure.

In addition to high isolation voltage, the PS2500 photocouplers boast high heat resistance and high humidity
resistance. Table 1 lists the major features of the PS2500 series photocouplers.

Table 1 Features of PS2500 photocouplers

Features igh i i i i
High isolation Abundant /O functions High CTR High Vceo Response

Product name voltage (TYP.) (MIN.) (TYP.)
PS2501 5 kVac D.C. input, Single 300 % 80V tr=3 us, tr=5us
PS2501L" transistor output
PS2502 D.C. input, Darlington 2 000 % 40V tr, tt = 100 us
PS2502L" pair transistor output
PS2505 A.C. input, Single 300 % 80V tr=3 us, tr=5us
PS2505L" transistor output
PS2506 A.C. input, Darlington 2 000 % 40V tr, tt = 100 us
PS2506L" pair transistor output

Remark Tested in oil (In the air, unwanted arc discharging will occur at 6 to 7 kV ac)

*1 The product name followed by letter L is for a product having leads for surface mount.



2.2 Photocoupler Structure

Figure 1 shows the internal perspective view of PS25xx-1 photocoupler. A light-emitting diode (LED) is placed
opposite a photo-sensitive element (phototransistor or photo Darlington transistor, etc.) with a light-transmittable
epoxy resin medium between them. Light signals emitted by the LED are transferred to the photosensitive element
via the internal resin medium. To completely cut the effect of external light, black resin is used for the external resin.

Using the above construction, close contact between the inner and outer resins is obtained through the long
adjacent area of the inner and outer resins and their identical expansion coefficient. As a result, photocouplers with
excellent isolation, withstand voltage, and heat resistance characteristics are realized.

Fig. 1 Internal Perspective View of PS25 xx-1

Fig. 2 Displays an example of Isolation Voltage distribution.
(PS2501, PS2502, PS2505 and PS2506)
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2.3 Dimensions
Figures 3 and 4 show the dimensions of the PS2500 series photocouplers. The PS2500 series photocouplers are

very compact and fit for high-density installation on PC boards. For example, the package area occupied by a single
channel of the PS2500 series is half that of the PS2600 series (6-pin Dual In-line Package).

Fig. 3 Dimensions (PS2501, PS2502, PS2505, and PS2506)
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Fig.4 Dimensions (PS2501L, PS2502L, PS2505L, and PS2506L)

Dimensions (All dimensions in millimeters)
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3. CHARACTERISTICS OF PS2501 AND PS2505 PHOTOCOUPLERS

3.1 Current Transfer Ratio (CTR)

The current transfer ratio (CTR) of a photocoupler is the ratio of the value of output current Ic to the value of input
forward current Ir (Ic/IF x 100 %). The CTR is a parameter equivalent to the D.C. current amplification factor hre of a
transistor.

The CTR is one of the most significant characteristics of photocouplers as well as isolation voltage. In circuit
designing, CTR must be considered first of all because the CTR.

<1> is dependent upon forward current Ir flowing through the LED.
<2> is affected by ambient temperature, and
<3> varies as time goes by,

Both PS2505 and PS2506 photocouplers (bidirectional input type) have two current transfer ratios (CTRS)
because they have two LEDs in the input. For further information, refer to Applications of Photocouplers for A.C.
input.

3.1.1 CTRvs. IF characteristics (I r: Forward current flowing through the LED)

The current transfer ratio (CTR) depends upon the magnitude of a forward current (If). When Ir goes lower or
higher than a proper magnitude, the CTR becomes smaller. Figure 5 to 6 shows the CTR vs. Ir characteristics.

Note that rate changes of CTRs are very different at low Ir magnitude (approx. 5 mA), middle Ir magnitude
(approx. 5 mA), and high Ir magnitude (approx. 20 mA). Namely, the CTR depends heavily upon the magnitude of
forward current Ir in lower and higher current ranges.

In case of using low input current to obtain high output current, see Chapter 4.

Fig. 5 CTR vs. | r characteristics (Standard value) Fig. 6 CTR vs. | r characteristics (Standard value)
(PS2501, PS2505) (PS2501, PS2505)
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For your reference, Figure 7 to 9 display examples of CTR distribution (M, L, K Rank) for PS2501-1.

*

CTR (%) (IF = 5 MA, Vce = 5 V)

CTR (%) (IF =5 mA, Vce =5 V)

12

Fig. 7 CTR distribution example (M rank)
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Fig. 9 CTR distribution example (K rank)
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Fig. 8 CTR distribution example (L rank)

(PS2501)
500 - n =100 p
400 L rank (MAX.)
300
200 L rank (MIN.)
120 |
0 10 20 30 40

Number (pcs)



3.1.2 CTRvs. Ta characteristics (T a: Ambient temperature)
The CTR-Temperature characteristic is greatly affected by the total characteristics of light-emission efficiency of
the LED and hre of the phototransistor as the light-emission efficiency has a negative temperature coefficient and hre

has a positive temperature coefficient. See Figure 10.

Light-emission

efficiency of LED

Ta

Fig. 10 CTR vs. T a characteristics

+

hre of phototransistor

Ta

CTR

7N

Figure 11 (a) to Figure 11 (f) show CTR vs. Ta characteristics under various conditions.
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Fig. 11 (a) to (f) CTR vs. T a characteristics
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3.1.3 Change of CTR over time

The current transfer ratio (CTR) of a photocoupler is determined by the light-emission efficiency of the LED
(emitting infrared light), efficiency of light transmission between the LED and the phototransistor, light sensitivity of
the phototransistor, and hre of the transistor.

The change of a CTR over time is mainly caused by the reduction of the light-emission efficiency of the LED.
Generally, the CTR is reduced to a greater extent as the forward current Ir increases or as the operating temperature
increase. Figures 12 and 13 respectively show estimated changes of CTRs of PS2501 and PS2505 photocouplers

over time.

Estimated change of CTRs with time lapse (Standard values)

Fig. 12 CTR vs. time characteristics Fig.13 Estimation life (Standard values)
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3.2 Response Characteristics

The response characteristics of photocouplers are the same as those of phototransistors.

expressed by
troc RL - hre - CcB
RL : Load resistance

hre : Amplification factor
Cce: Collector-base capacitance

The fall time tr is

If R is too high, ti becomes too high to be fit for high-speed signal transmission. Select the proper load resistance
for the desired signal rate. Similarly, the collector current must fully satisfy the minimum value of the CTR, CTR vs.
Ta characteristics, and CTR vs. time characteristics. Otherwise, the phototransistor will operate unsaturated, causing

lower response characteristics and malfunction.

Fig. 14 Test circuit for response-time

Pulse input Vce
(PW =100 us ) Ir ol e ton Lot
Duty cycle = 1710/ | ta t
T
Monitor Vo (Output)
(Input) 51Q RL 10 %
t tr
Figures 15 to 18 show the response time vs. the load resistance which show four CTR parameters.
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Fig. 17 Response-time vs. R L characteristics
(PS2501, PS2505)

10 000
Standard characteristics
Vec =5V, [r=5mA
CTR = approx. 300 % 7
s
1000 /
toft 7
g
Py P
= 100
©
(%]
c /
] A A
X 49 A
ton
T — tr
1
0.1 05 1 5 10 50 100

Load resistance R (kQ)

Fig. 18 Response-time vs. R L characteristics
(PS2501, PS2505)
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Figures 19 to 20 show the response time vs. the ambient temperature characteristics.

Response time (us)
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Fig. 19 Response-time vs. T a characteristics
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Fig. 20 Response-time vs. T a characteristics
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Figures 21 to 22 show the response time vs. the forward current characteristics.

Fig. 21 Response-time vs. | r characteristics
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Fig. 22 Response-time vs. | r characteristics
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Figures 23 to 24 show the response time vs. the supply voltage characteristics.

Fig. 23 Response-time vs. V cc characteristics
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Fig. 24 Response-time vs. V cc characteristics
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3.3 Other Temperature Characteristics

Almost all characteristics of photocouplers are apt to be affected by ambient temperature (see 3.1.2). Figures 25
to 32 show how Vr (Forward Voltage), Iceo (Collector to Emitter Dark Current), and Vce (sa) (Collector Saturation
Voltage) are affected by ambient temperature.

Fig. 25 VFr vs. Ta characteristics Fig. 26 VF vs. Ta characteristics
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Fig. 27 lceo vs. Ta characteristics Fig. 28 Iceo vs. Ta characteristics Fig. 29 Iceo vs. Ta characteristics
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Fig. 30 Vce@ay vs. Ta characteristics Fig. 31 Vce@ay vs. Ta characteristics
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Fig. 32 Vce@ay vs. Ta characteristics
(PS2501, PS2505)

0.40
Standard characteristics
I[F=5mA, Ic=4mA

0.30

CTR = approx. 230 % 77 y/
T L
e

2 A

= approx. 400 %

0.00

Collector saturation voltage Vce sat (V)

-50 -25 0 25 650 75 100

Ambient temperature Ta (°C)

At normal temperature (Ta = 25 °C), the collector to emitter dark current Iceo is very little (about 5 nA (at Vce = 80
V and CTR = about 400 %)), but it will be multiplied by about 10 at an increment of 25 °C. This needs to be kept in
mind when using a small output current (Ic) of a photocoupler with a high load.

The rate change of Vce (sat) (Collector Saturation Voltage) is about 0.7 % per °C at ambient temperature of 0 °C to
70 °C. In circuit design, the collector output current Ic should be determined under the condition of half or less of the
CTR rated values. Otherwise, the saturation voltage VcE (say will become greater.

For reference, a voltage-gain vs. frequency characteristic using CTR as a parameter is shown below.

Fig. 33 Voltage-gain vs. frequency characteristics
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4. CHARACTERISTICS OF PS2502 AND PS2506 PHOTOCOUPLERS

The PS2502 and PS2506 photocouplers are higher in sensitivity than the PS2501 and PS2505 photocouplers and
can be driven by low input currents.

4.1 CTR-Related Characteristics

The PS2502 and PS2506 photocouplers assure CTR > 200 % at Ir = 1 mA and can be directly driven by CMOS
output signals.

See 3.1 for CTR definition and characteristics.

4.1.1 CTR vs. Ir characteristics

As shown in Figure 5, the CTR of a single-transistor output photocoupler (such as the PS2501 and PS2505
photocouplers) is at most 10 % in a low-current area (e.g. IF = 0.1 mA). However, the CTR of a Darlington-transistor
output photocoupler (such as the PS2502 and PS2506 photocouplers) can be greater than 100 % in a low-current
area (e.g. IF = 0.1 mA).

Figures 34 to 35 shows the CTR vs. Ir characteristics of the PS2502 and PS2506 photocouplers.

Fig. 34 CTR vs. | F characteristics (Standard value) Fig. 35 CTR vs. | F characteristics (Standard value)
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4.1.2 CTR vs. temperature characteristics
Figures 36 (a) to 36 (f) show CTR vs. temperature characteristics under various conditions.

Figs. 36 (a)to (f) CTR vs. temperature characteristics
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4.1.3 Change of CTR over time
Figure 37 shows the CTR vs. time characteristics of the PS2502 and PS2506 photocouplers.

Fig. 37 CTR vs. time characteristics (Standard value)
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5.

EXAMPLE OF CIRCUIT DESIGN

Here shows an example of circuit design using the PS2501 as a TTL interface shown in Figure 38.

Fig. 38 Circuit TTL interface example
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First, assume that the following design standard is set.

<1> Operation temperature range: 0to 60 °C
<2> Supply voltage: Vcc =5V

<3> Service life of equipment: 10 years

<4> Signal responsibility: 2k bits/(500 us)

In Figure 38, if the input LED is driven by TTL, the LED drive current should be designed to be IF < 16 mA from

relational expression loL < 16 mA. Here design is carried out setting.

22

IF=5mA

At this time, input resistance Rin is calculated as follows.

Vec-=VF-Vou  5-11-04

IF

RiNn = =700 Q

First, assume that the following design standard is set.

<1> In addition, the lower limit of CTR is calculated as follows taking 80 % as a reference under the catalog
condition.

<2> From Figure 7, temperature change (Ta = 60 °C) 15 % down (with respect to initial value Ta = 25 °C).

<3> From Figure 8, time-dependent change characteristic (10 years, Ta = 60 °C) 20 % down (with respect to
initial value 0 years).

<4> Furthermore, a design margin of approximately 30 % to 50 % is assumed taking account of variations.

CTRmiN) =80 % x 0.85x 0.8 x 0.6 =32.6%
Therefore, collector current Ic (vin,) is calculated as follows.

lcoming = IF x CTR miny =5 x 0.326 = 1.63 mA



This Ic should be greater than sink current li. of standard TTL and in order to ensure that output is turned on with
this input signal, load resistance Rv is as follows.

Vce — ViL 5-0.8
S _

L2 = =140 kQ
lc—(-h) 163-1.6

However, too large RL may cause output to turn on with a leakage current of the photo transistor or I of TTL.
Therefore, Rt should be:

Vee -V 5-24
Lg SET N = 64 kQ
Iceo + IH 0.2+40

(Iceo (vax,) is approximately 200 nA according to Figures 27 to 29.)

Therefore, it is necessary to select a sample with high CTR for optimal design. If 200 % (i) (CTR rank: L
specification) is used instead of 80 % (vin,) that was initially designed, calculation results as follows.

> Vec-=ViL _ 5-0.8
Clc-(-l) 4.08-1.6

=1.7kQ

Therefore, by selecting the load resistance in the range of:
1.7 kQ <RL < 64 kQ
It is possible to ensure that ON/OFF operation is enabled.

However, since 2k bits/s is specified for switching operation, it is necessary to select RL of approximately 5 kQ
according to Figures 15 to 20.
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6. CONCLUSION

Demand for photocouplers featuring higher insulation and noise elimination is steadily increasing. At the same
time, various problems (change of characteristics by ambient temperature and time elapse) will occur in their circuit
design. We hope this manual will be helpful in solving such problems.
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