TOSHIBA

Photocoupler Application Note

The design guide for 24V Digital Input Modules for PLCs

by using high-speed communication photocouplers

Overview
This document describes the designing of 24V Digital Input Modules for PLCs

when using a high-speed communication photocoupler.

This is for reference only.
Do not design the final equipment by using only information in this document.
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Introduction

The Factory Automation (FA) is becoming an indispensable premise for today's advanced
manufacturing. PLCs (Programmable Logic Controllers) play a central role in the realization of FA,
and Digital Input Modules support its wide variety of input and output functions.

This application note introduces how to design a Digital Input Module compliant to the
international standard IEC 61131-2 for PLCs by using a high-speed communication photocoupler
TLP2363.

© 2021 3 2021-03-25

Toshiba Electronic Devices & Storage Corporation



TOSHIBA

Photocoupler Application Note

1. 24V Digital Input Module for PLCs and IEC 61131-2

In a PLC, the Digital Input Module is used to receive external 24V digital inputs from sensors or
switches and transmit signals to the host controller. Fig. 1 shows the basic configuration of the 24V
Digital Input Module. Because the GND level on the host controller side and the GND level on the
external input side are different, high-speed communication photocouplers is used for signal
transmission. [Note 1l

[Note 1] Transistor output photocouplers are also used for low-speed signal transmission.

External Input

o 3.3V or 5V

Ry AL Host

24V controller
¥ ' Vee e Vee
D) e
i 1 Input
7‘5 GND LC
i : SHIELD GND
Photocoupler

Fig. 1 Basic Configuration of 24V Digital Input Module

IEC 61131 is an international standard that aims to provide user-friendly PLCs by partially unifying
concepts, for which different design concepts have been reflected by different manufacturers. IEC
61131-2 describes Equipment requirements and tests, and specifies three kinds of digital input
types (Type 1, 2, and 3) for each connected device to the Digital Input Module used in the PLC.
(Table 1)

Table 1 Connected Devices for Each Digital Input Type

Digital Input Connected Devices
Types

Type 1 Device for sensing signals from mechanical contact switching devices, such as
relay contacts, push-buttons, switches, etc.

Type 2 Device for sensing signals from solid-state switching devices such as 2-wire
proximity switches.

Type 3 Device for sensing signals from solid-state switching devices such as 2-wire
proximity switches. Type 3 digital inputs offer lower power characteristics than
Type 2 digital inputs
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In addition, the operating ranges for input voltage and input current is specified for each
digital input type.

In the input-rated 24V, the operating ranges specified for each of type 1, 2, and 3 are
shown in Fig. 2. A characteristic of this requirement is that the range a module should be turned off
is also specified.

Type 1 4 Type 2
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Fig.2 IEC 61131-2 Input Voltage/Current Operating Range for Type 1, 2, and 3

To design the Digital Input Module shown in Fig. 1, the optimum R; and R> must be selected in
accordance with the operating range shown in Fig. 2. With conventional high-speed communication
photocouplers, the guaranteed value for the threshold input current that controls High/Low of the
output is only the maximum value, making it difficult to design modules that follow the operating
range shown in Fig. 2.

TLP2363 ensures not only the maximum value but also the minimum value of the threshold
input current, which helps to simplify the designing of the Digital Input Module according to the
operating range shown in Fig. 2.

Refer to this (Link) for the detail of TLP2363.
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2. Designing Input Circuitry for 24V Digital Input Modules
Using TLP2363

2-1. Design Policy

This section describes how to design a 24V Digital Input Module that complies with IEC
61131-2 Type 1 using TLP2363.

Fig. 1" shows the parameter names given by focusing on from the external input to the
photocoupler input in Fig. 1.

" Vin : Input voltage (DC)
Iin : Input current
Iy : Current flows in Ry

[, : Current flows in R,

Ir : Input forward current of TLP2363

Ve : Input forward voltage of TLP2363

Fig. ' Input Circuit Configurations and Parameters for the Digital Input Module

From Fig. 2, it can be seen that TLP2363 needs to take the state of Table 2 for each Viy and In
range.

Table 2 TLP2363 State Required for Vin, liv Ranges Defined in IEC 61131-2 Type 1

Iin (MA)
o osr T
OFF OFF OFF

o ==E
(\I,'; OFF Transition  Transition
m Transition Transition ON

TLP2363 State
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The following four points are critical to Ry, Rz selection.

@® When -3V < Viy <5V, limit the current Ir so as TLP2363 is always turned off.
@ When 5V < Viy < 15V, limit the current to 0.5 mA < I;y < 15 mA.
3 When 15V < Viy < 30V, limit the current to 2 mA < Iy < 15 mA.
@ When 15V < V\y < 30V, limit the current I so as TLP2363 is always turned on.

In this application note, Ry and R; that satisfies (L and @ are calculated first, and Iy is checked
if @ and @ are satisfied.

2-2. Selection of Resistance Ry and R; that Satisfy the Requirements

@ and @ are expressed as below (a) and (b) using minimum value of the threshold input current
(IenL_min) @and maximum value of the threshold input current (lgnL_max) of TLP2363.

(a): whenViN =5V, g < lgHt_min

: when ViN = 15V, lgL max < IF
In addition, since Ir of TLP2363 has an absolute maximum rating, this is expressed as below (c).
(c) : whenViy =30V, [r < I absolute maximum rating

The goal of this chapter is to calculate the R and R; that satisfies all (a), (1), and (c).

First, Ig is represented as below using Ry and R; in Fig. 1".
Vin =l xRy + Vg
ly =1+ Ig
lLb=Vr/R:
So, Vin = (Ve /Ro + I)) X Ry + Vg

Therefore, g = Vin/R1=(1/R1 + 1/R) x Vg +-- (Equation 2.2.0)
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2-2-1. Expression when Viy =5V
(a) : Setas Ir = lr off When Viy = 5V, and substitute them in Equation 2.2.0.

||:_off =5 / R1 - (1 / R1 +1 / Rz) X Vg < IFHL_min e (Equation 2.2.1)

In Equation 2.2.1, I of¢ is considered to be the largest when Vi = Vg nin1.

* Ve min1 : the minimum V¢ under all operating temperature conditions when I off = leni min

2-2-1(a). Consideration of V¢ Variation Range

In Equation 2.2.1, we first consider the variation in V.

TLP2363 datasheet shows the minimum and maximum Vr values with typical Vr value when Ir = 2.6
mA and Ta = 25 °C, as shown in Table 3.

Table 3 The Min, Typical and Max Vr Values of TLP2363 when Ir = 2.6 mA, Ta = 25 °C.

m-lmlm

Input forward voltage Ve Ir=26mA, T,=25%C 1.35 1.65

From this description, the minimum and maximum variations for the standard values of V¢
can be read as +10%. Using Ir — Vi characteristic curve in TLP2363 datasheet (Fig. 3),
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Fig. 3 Ir— Vr Characteristic Curve of TLP2363
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under Ta = 25 °C, I — Vi characteristic curves considering +10% variation to the typical curve
are shown in Fig. 4.
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Fig. 4 I — VE Characteristic Curve at Ta = 25 °C in TLP2363 (considered +10 % variation)

Similarly, under the condition Ta =-40 °C, Ir — V¢ characteristic curves considering the +10%
variation to the typical curve are shown in Fig. 5. Under the condition Ta = 105 °C, I¢ — V¢
characteristic curves considering the +10% variation to the typical curve are shown in Fig. 6.
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Fig. 5 I — VE Characteristic Curve at Ta = -40 °C in TLP2363 (considered +10 % variation)
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Fig. 6 Ir— VF Characteristic Curve at Ta = 105 °C in TLP2363 (considered +10 % variation)

Figs. 4, 5, and 6 show that under all TLP2363 operating temperatures (-40 to 105°C), (1) the
typical Ie-Ve characteristic curve,
, and (3) VE minimum-side
worst -V characteristic curve considering a variation range of -10% with respect to the
typical can be represented in Fig. 7. (Note that (1) is assumed when Ta = 25 °C)
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Fig. 7 The Typical Ir-Vi Characteristic Curve and Ve Max-Side Worst and Min-Side Worst I¢-Vr Characteristic Curves
under All Operating Temperatures of TLP2363
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2-2-1(b). Vi min1 Considerations

On the other hand, TLP2363 datasheet shows the min and max values of Iy along with the
typical value when Vcc = 3.3V, R = 1 kQ, as shown in Table 4. Note that the minimum and
maximum values are guaranteed at Ta = -40 to 105 °C, and the typical value is at Ta = 25 °C.

Table 4 TLP2363 Igy. Characteristics Table

m-m

Threshold input current Tenl Vee = 3.3V, R =1KkQ, 0.3 2.4
Vo < 0.6V

From Table 4, when Vcc = 3.3V and Ry = 1 kQ, since Iry min = 0.3 mA,

Ve min1 €can be set to the smallest V; under all temperature conditions when Ig = I ot = 0.3 mA.
So, from Fig. 7', Vi min1 = 1.16 V.
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Fig. 7 The Typical -V Characteristic Curve and Ve Max-Side Worst and Min-Side Worst I-Ve Characteristic Curves
under All Operating Temperatures of TLP2363 (with Vi values when Ir = 0.3 mA)

By substituting it into Equation 2.2.1, we can see that Ry and R; must satisfy Equation 2.2.1".

lkott=5/Ri-(1/R1+1/R)x1.16 < 0.3 x 103 --- (Equation 2.2.1")
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2-2-2. Expression when Viy = 15V
: Set as Ir = If on1 When Viy = 15V, and substitute them in Equation 2.2.0.

lkon1=15/R1=(1/R1 + 1 /R3) X VE > ley max  *** (Equation 2.2.2)

In Equation 2.2.2, Ig on1 is considered to be the smallest when Vi = Vi .

* VE_max: the maximum V¢ under all operating temperature conditions when Ir on1 = lrHi_max

2-2-2(a). Consideration of V¢ Variation Range

In Equation 2.2.2, the variation of V: is shown in Fig. 7.

2-2-2(b). Vi max Considerations

Same as in (a), we would like to estimate Vi max from Fig. 7 and Table 4, but we have to pay
attention to a point. Since the light output of the LED mounted on photocouplers changes over time,
when used for a long period of time, it is necessary to secure margins for the aging at the initial
design stage.

Fig. 8 shows the light output degradation curve when the LED on TLP2363 is continuously used
under the maximum ratings.

IF = 15 mA, Ta = 105 C,
Duty = 100 %

w|

g0 |

40

20

1 10 100 1000 10000 100000
STRESS TIME:h

Fig. 8 Light Output Degradation Curve for the LED on TLP2363 (worst case)
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Fig. 8 shows that even in the worst case, the degradation in light output after 0.1 million hours is
20 % or less. If Ir is designed to be close to the maximum value shown in Table 4 under the input
condition in which the photocoupler is to be turned on (here, Viy = 15 V) without considering the
degradation, the photocoupler may not be turned on appropriately when the product is used for a
long period of time.

For this reason, we recommend designing input circuit with consideration of the max value of lgn.
as 3.0 mAMN°t 3] gt the initial design stage.

[Note 3] From Table 4, lry. max value is 2.4 mA under Vcc = 3.3V and R. = 1 kQ, and the worst
degradation after 0.1 million hours is about 20%.
So,24 mA/(1-0.2) = 3.0 mA

For lgy. minimum value, the light output of the LEDs mounted on the photocoupler is reduced over
time. Therefore, if I¢ is designed to be smaller than Iy min value in the initial stage of the input
condition for which the photocoupler is to be turned off (here, Vin = 5 V), TLP2363 is securely turned
off even if the product is used for a long period of time.

Based on the above, considering the degradation of the light output by 20 % in Table 4, it is
considered as Table 4.

Table 4' TLP2363 IruL Characteristics Table (including light output degradation of 20 %)

m-mm

Threshold input current Trn Vee = 3.3V, R =1kQ, 0.3 3.0
Vo < 0.6V

From Table 4', when Vcc = 3.3 V and R. = 1 k€, since lru max = 3.0 mA,
Ve max can be set to the largest V: under all temperature conditions when I = I on1 = 3.0 mA.
So, From Fig. 7", Vi max = 1.78 V.

2100 T r T T T
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~ 1 -10% . Typ. . ]
o ; / l 4]
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2 1 / / — : V¢ typical
E
r 4
5 3 f
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S . ..
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1 v s ra
£
7/ 1
- / /
3 A
= /
= 01 g '
1 1.2 1.27 1.4 1.50 16 1.7 2

Input forward voltage VF (V)

Fig. 7" The Typical Ir-VE Characteristic Curve and Vi Max-Side Worst and Min-Side Worst Ie-Vr Characteristic Curves
under All Operating Temperatures of TLP2363 (with Vr value when If = 3.0 mA)

© 2021 13 2021-03-25

Toshiba Electronic Devices & Storage Corporation



TOSHIBA

Photocoupler Application Note

By substituting it into Equation 2.2.2, we can see that Ry and R, must satisfy Equation 2.2.2".

lEon1=15/Ri=(1/R1+1/R) x1.78 >3.0x10% --- (Equation 2.2.2")

2-2-3. Expression when Vi =30V
(c) : Set as I¢ = lr on2 Wwhen Viy = 30 V, and substitute them in Equation 2.2.0.

lton2=30/R1-(1/Rq1 +1/R;) x Ve < I Absolute Maximum Rating -+ (Equation 2.2.3)

In Equation 2.2.3, I on2 is considered to be the largest when Vi = Vi min2.

* VE minz2 : the min Ve under all operating temperature conditions
when I on2 = Ir absolute max rating

2-2-3(a). Consideration of V¢ Variation Range

In Equation 2.2.3, the variation of V¢ is shown in Fig. 7.

2-2-3(b). Vi min2 Considerations

TLP2363 datasheet shows the absolute maximum rating of Ir at Ta = 25 °C and the derating
rate of I to temperature, as shown in Table 5.

Table.5 TLP2363 I Absolute Max Rating, Ir Derating Rate to Temperature and
Operating Temperature Range

Characteristics symbol mm

Input forward current (Ta=257C) I
Input forward current derating (Ta 2 85 C) AIL/AT, -0.5 mA/C
Operating temperature Topr -40 to 105 C

From Table 5, I absolute max rating will be the smallest when Ta = 105 °C, and Ir absolute max
rating at that condition is :

25-0.5x (105 - 85) = 15 mA.
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Ve min2 can be set to the smallest V; under all temperature conditions when Ig = lg gn2 = 15
mA. So, from Fig. 7", Ve minz = 1.35 V.

2 100 =TT~ e s s e e s o e
£ =(3) Ta = 105 C(1) Ta = 25 C: 1
~ - -10% [ Typ. - 1
[ !
AT P / 4]
2, / — : V¢ typical
E
L f
] 7
S / ..
= / — : VE min-side worst
1 v s ra
Z
J J
b / 1
3 /
g /
- 01 !
t 12 43514 1.59 184900 2

Input forward voltage Vi (V)
Fig. 7" The Typical Ir-Ve Characteristic Curve and Vi Max-Side Worst and Min-Side Worst Ie-V Characteristic Curves

under All Operating Temperatures of TLP2363 (with Vi value when Ir = 15 mA)

By substituting it into Equation 2.2.3, we can see that Ry and R; must satisfy Equation 2.2.3".

lkon2=15/Ri-(1/R1+1/R))x1.35<15x 103 -+ (Equation 2.2.3")
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2-2-4. Integration of each Requirement
By 2-2-1 to 2-2-3, (a), (b) and (c) each are represented as below.
(a) :when Vin=5V, IF< IFHL_min is:

5/Ri-(1/Ri+1/R)x1.16 <03x10° --- (Equation 2.2.1")

. When V|N =15 V, IFHLﬁmax < ||: is:

15/Ri—=(1/R1+1/R)x1.78>3.0x103 --- (Equation 2.2.2"

(c) : when Viy = 30V, I < Ir absolute maximum rating is:
30/Ri=(1/Ry+1/R)x135<15x10° +-- (Equation 2.2.3")

R1 and R; that satisfies all (a), (b), and (c) can be found to be a combination within the striped
area in Fig. 9.

4000

3500 7»¢

3000 s
2500 / /P/
N R/ /S
i 1500 —H % Q) |

1000 —

500 /

0

N

0 250 500 750 1000 1250 1500

R; ()

Fig. 9 Ry and R Combination Area for Complying with IEC 61131-2 Type 1
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2-2-5. Selection of R; and R, and I Calculation

Here, we estimate Ir when Ry = 2200 Q and Rz = 750 Q are selected from the combination area of
R1 and R; in Fig. 9 and the resistance of the E24 series.
(Note that the resistance tolerance is within 5 % considering temperature change and aging.)

2-2-5(a). If Calculation when Viy =5V

First, from (a), we estimate I¢ o when Viy = 5 V.
From Equation 2.2.1, we can see that the larger V¢, the smaller I¢ of.
And Equation 2.2.1 can be deformed as:

lroff = (5—Ve) /R1=Ve/R:

We can see that the larger R1 and the smaller Ry, the smaller ¢ of.

From Fig. 7' and Equation 2.2.1, the minimum, typical, and maximum values of It .+ can be
calculated by using each variation condition of V¢, Ry and R; as Table 6.

Table 6 Irof Min, Typical and Max Values under each Condition

I T

e o -0.91 -0.27 0.37 mA
T -40 25 105 C
Ve 1.68 1.42 1.16 A%
Ry 2200 + 5% 2200 2200 -5 % Q
R, 750 -5 % 750 750 + 5 % Q

Now, when Ta = 105 °C, which is the worst condition, confirm that TLP2363 can be turned off
reliably at the largest I o of 0.37 mA.

TLP2363 Irni-Ta characteristic curves in the datasheet are shown in Fig. 10.
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Fig. 10 TLP2363 Ifu-Ta Characteristic Curves at Vec= 3.3 V

From Fig. 10, when Vcc = 3.3 V, R. = 1 kQ and under all operating temperature conditions,
lewe will be the minimum at Ta = 0 °C, and will be the maximum at Ta = 105 °C.

By combining what lgni_min = 0.3 mA in Table 4 and Fig. 10, when Vcc = 3.3 V and R, = 1 kQ, the
relation between the min value of Ipy and the temperature drift of Igy. can be expressed as Fig. 11.

3

~

—:lFHL -Ta

Parallel Translation
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J !--r ---------- Pl S N - .

Iy, (MA)

—_ IFHLimin -Ta

[

Threshold input current (H/L)
=]

-40 -20 0 20 40 60 80 100 120

Ambient temperature T, (°C)

Fig. 11 Relation between the i Min and the Iru Temperature Drift at Vcc = 3.3 V, Ru = 1 kQ in TLP2363
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We can estimate that the minimum lgy. when Ta = 105 °C is 0.59 mA from the ¢y min-Ta curve
(the blue line in Fig. 11) which is parallel translated from lgn-Ta curve when Vec = 3.3V, RL = 1 kQ so
that the min value of Iy indicates 0.3 mA at Ta = 0 °C.

Therefore, even when the worst condition Ta = 105 °C and g ot max 0.37 mA in Table 6,
TLP2363 can be certainly turned off.

2-2-5(b). If Calculation when V\y = 15V

Next, from (1), we estimate Ir o1 when Viy = 15 V.
From Equation 2.2.2, we can see that the larger V¢, the smaller If on1.
And Equation 2.2.2 can be deformed as:

lfon1 =(15-VF) /R1=Ve/R>

We can see that the larger Ry and the smaller R, the smaller I gn1.

From Fig. 7" and Equation 2.2.2, the minimum, typical, and maximum values of I¢ on1 can be
calculated by using each variation condition of V¢, Ry and R; as Table 7.

Table 7 Ir_on1 Min, Typical and Max Values under each Condition

v-isv | e e

It ont 3.23 4.13 4.96 mA
T -40 25 105 T
Ve 1.78 1.50 1.27 \Y
R4 2200 + 5 % 2200 2200 -5 % Q
R, 750 -5 % 750 750 + 5 % Q

From Table 4, Ipq. max is 3.0 mA. Therefore, even when the worst condition Ta =-40 °C and I on1
min = 3.23 mA in Table 7, TLP2363 can be certainly turned on.
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2-2-5(c). Ir Calculation when Viy = 30 V

Finally, from (c), we estimate If ono when Viy = 30 V.
From Equation 2.2.3, we can see that the larger Vf, the smaller Iz on2.
And Equation 2.2.3 can be deformed as:

IF_onZ = (30 - VF) /Ri=Vr/R;

We can see that the larger R1 and the smaller R, the smaller Ir on2.

From Fig. 7" and Equation 2.2.3, the minimum, typical, and maximum values of I¢ on2 can be
calculated by using each variation condition of V¢, Ry and R; as Table 8.

Table 8 Iron2 Min, Typical and Max Values under each Condition

Ir ono 9.49 10.8 12.0 mA
Ta -40 25 105 T
Ve 1.90 1.59 1.35 \Y
R, 2200 + 5 % 2200 2200 - 5% Q
R, 750 -5 % 750 750 + 5 % Q

From Table 5, the Ir absolute max ratings of TLP2363 are 25 mA at Ta =-40, 25 °C, and 15 mA at
Ta = 105 °C. This means that even in the worst condition Ta = 105 °C and Ig on2 max 12.0 mA in
Table 8, Ir absolute maximum rating of TLP2363 is certainly not exceeded.
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2-2-5(d). Summary of I Calculations

To summarize, when Ry = 2200 Q and Rz = 750 Q are selected from the E24 series, Ir values are
calculated as in Table 9 under each of V|y conditions, and TLP2363 is capable of ON/OFF
transitions according to the requirements of IEC 61131-2 Type 1.

Here, because TLP2363 has an open-collector type of output, when V¢ is given a voltage equal
to or higher than the min operating voltage,

Vo : High when Ir < lfni_min, Vo : Low when g > lrni max.

Table 9 Irand TLP2363 Output Logic for each Vin Condition when R1 = 2200 Q and R2 = 750 Q

Vin (V) I Min I Typ. I Max (mA) TLP2363
(mA) (mA) Output Logic
5

-0.91 -0.27 0.37 High
15 3.23 4.13 4.96 Low
30 9.49 10.8 12.0 Low
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2-3. Considerations for Input-Conditions I,y and V|y

Now we will take a look at Ry and R; selection process again. As described in 2.1, in this application
note, we are designing in the order of determining R; and R; that satisfies 1 and @), calculating

Iin, and confirming that @ and @) are satisfied.

@® When -3V < V|y <5V, limit the current I so as TLP2363 is always turned off.
@ When 5V < Vy < 15V, limit the current to 0.5 mA < Iy < 15 mA.
® When 15V < V|y < 30V, limit the current to 2 mA < I)y < 15 mA.
@ When 15V < Viy < 30V, limit the current I; so as TLP2363 is always turned on.

In 2-2, if R1 = 2200 Q and R, = 750 Q are selected from the E24 series, it was confirmed that
TLP2363 can operate as required by IEC 61131-2 Type 1. Then, check that 2 and @ can be
satisfied under these resistance conditions.

2-3-1. Iy Calculation
In Fig. 1", I is represented using I¢, Vr as below.
In=1o+If
=Vi/Ry+ I -+ (Equation 2.3.1)

From Equation 2.3.1, we can see that |y can be expressed by TLP2363's Ir and V¢, and the larger Ry,
the smaller the value.

From Ir — Ve curve in Fig. 7 and Equation 2.3.1, the minimum, typical, and maximum I for I¢
and V¢ of TLP2363 can be represented as shown in Fig. 12. Here, it is regarded that when
Ta = -40 °C, where Iy will be the smallest, R, varies by +5% in the worst case, and when Ta = 105 °C,
where iy will be the largest, R varies by -5% in the worst case.
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Fig. 12 Min, Typical and Max of Iy for TLP2363's Ir and V¢

2-3-2. V|y Calculation

In Fig. 1", Vi is represented using |in.
By I1 = I,
Vin=InXxRi+ Ve <+« (Equation 2.3.2)

From Equation 2.3.2, we can see that V|\ can be expressed by the linear function of Iiy. We can also
see that for the same Vi, the larger Ry, the smaller .

From Fig. 12 and Equation 2.3.2, the relation between Viy and Iy when Ry = 2200 Q and R; =
750 Q are selected can be calculated as shown in Fig. 13.
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Fig. 13 Vin — Iin Characteristic Curves when Using TLP2363 and Selected Ry = 2200 Q, R; = 750 Q
(with Iy values when Vin = 5V, 15V and 30 V)

The conditions used to calculate each line in Fig. 13 are shown in Table 10.

Table 10 Conditions for Fig. 13 Drawing

25 105

T, (°C) -40
I~V +10 % = -10 %
Characteristic Curve
R, () 2200 + 5 % 2200 2200 -5 %
R, (Q) 750 + 5 % 750 750 - 5 %
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2-3-3. Summary of Iy, Vin Calculations

Writing ON/OFF area of IEC 61131-2 Type 1 in Fig. 13 can be expressed as Fig. 13".

30 |
.V
27 H / 17
; 24 yd
~ o ,//
z /7 . . eys
s / — : Iin typical condition
o 15 R o I mi diti
o p7i \ — : Iin min condition
S - / \ — : Iin max condition
> / Iy Typ.|condition « lIN
s s
g 7’
s °F
-3
1] 2 3 4 q 8 9 10 11/12 3 1 15
1.41 1.79 5.72 6.56 12.18 13.71
1.60 6.13 12.92

Input Current I;y (mA)

Fig. 13" Vin — Iiv Characteristic Curves when Using TLP2363 and Selected R1 = 2200 Q, R2 = 750 Q,
and IEC 61131-2 Type 1 ON/OFF Range

From Fig. 13", when using TLP2363 and selecting Ry = 2200 Q and R; = 750 Q from the E24
series, the input module can be ON/OFF transitioned according to IEC 61131-2 Type 1.
Each of Iy values at each Vin condition are shown in Table 11.

Table 11 TLP2363 Output Logic and Iy for each Vin Condition when Ry = 2200 Q, R; = 750 Q

Vin (V) TLP2363 Iy TYD- I;y Max
Output Logic (mA) (mA)

High 1.41 1.60 1.79
15 Low 5.72 6.13 6.56
30 Low 12.18 12.92 13.71

From Table 11, when Ry = 2200 Q and R; = 750 Q are selected using TLP2363:
1.41 mA < Iy < 6.56 mA, when 5V < VN < 15V,

6.56 mA < Iy < 13.71 mA when 15V < V|y < 30V

Then, we can see that @ and 3 are satisfied.

From the above, we have been able to design a 24V Digital Input Module that complies with
IEC 61131-2 Type1 using TLP2363.
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3. TLP2363 Tolerance to Gradual Rise and Fall of the Power Supply

In addition to the requirements for the operating range of the input circuit, IEC 61131-2 specifies
the tests to be performed on the behavior of the PLC system against variations in the external power
supply. In the Gradual shut-down/start-up test of the external power supply in it, it is specified that
when the power supply is turned on or off with 60 seconds, the PLC system should be
confirmed that it shows the predefined behavior.

Depending on the product, the output may chatter when the power supply voltage (Vcc) of the
high-speed communication photocoupler is slowly turned on or off.

Fig. 14 shows a measuring circuit for evaluating the output voltage (Vo) of the photocoupler when
the power supply voltage (Vcc) is gently ramped up by the slope of 3.3V/75s or gently ramped down
by the slope of the -3.3V/75s.

22000
1kQ
+ . Vec e Vee
24V N7 750Q D&
; 0.1pF Vo Pulse Generator
7' GND T N
SHIELD ¢ +3.3V/75s

Fig. 14 Photocoupler Output Voltage Measurement Circuit for Slow Rise and Fall of Power Supply
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Fig. 15 shows an example of chattering occurring in the output voltage (Vo) when a
photocoupler is measured by the measuring circuit of Fig. 14.
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Fig. 15 Above: Example of Chattering Occurring in the Output Voltage (Vo) of the Photocoupler
when the Power Supply Voltage (Vcc) is Slowly Risen up with the Slope of 3.3V/75s.

Below: Example of Chattering Occurring in the Output Voltage (Vo) of the Photocoupler
when the Power Supply Voltage (Vcc) is Slowly Fallen down with the Slope of -3.3V/75s.
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Next, Fig. 16 shows the behavior when TLP2363 is used as a high-speed communication
photocoupler.
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Fig. 16 Above: Output Voltage (Vo) of TLP2363
when the Power Supply Voltage (Vcc) is Slowly Risen up with the Slope of 3.3V/75s.

Below: Output Voltage (Vo) of TLP2363
when the Power Supply Voltage (Vcc) is Slowly Fallen down with the Slope of -3.3V/75s.

As shown in Fig. 16, TLP2363 does not chatter the output when the power supply voltage
(Vcc) is turned on or off very slowly.

With TLP2363, the Gradual shut-down/start-up test of the external power supply specified in IEC
61131-2 can be cleared without any troubles.
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4. TLP2363 Tolerance to Gradual Rise and Fall of the Input Signal

In section 3, we focused on the behavior of the photocoupler when the power supply voltage (Vcc)
is gently turned on or off. This chapter introduces the behavior of the photocoupler when the input
signal to the PLC has gentle rising and falling edges.

Using the measuring circuitry shown in Fig. 17, measure the output voltage (Vo) of the photocoupler
when a signal with a gradual rise and fall by the slope of +24V/75s is input.

2200Q
1kQ
7500 | D&gl_é_o Vec
Pulse Generator : 3.3V
; 1’0.1|.IF Vo
+24V/75s 71 GND |
SHIELD

Fig. 17 Photocoupler Output Voltage Measurement Circuit for Slow Rise and Fall of Input Signals
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Using the measurement circuit shown in Fig. 17 to measure the behavior of a photocoupler that
does not withstand input signals with gradual rising and falling edges, the output of the photocoupler
will chatter as shown in Fig. 18.

TELEDYNE LECROY
Everywhoreyoulook™ |«
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| ‘3'3V. | d/} Output Voltage (Vo)}

i Chattering
B —

TELEDYNE LECROY
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< >
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‘Zoom Ing,~
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Fig. 18 Above: Example of Chattering Occurring in the Output Voltage (Vo) of the Photocoupler
when the Input Voltage (Vin) is Slowly Risen up with the Slope of 24V/75s.

Below: Example of Chattering Occurring in the Output Voltage (Vo) of the Photocoupler
when the Input Voltage (Vin) is Slowly Fallen down with the Slope of -24V/75s.
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To suppress the chattering shown in Fig. 18, for example, an RC filter and a Schmitt trigger IC can
be connected to the output of the photocoupler as shown in Fig. 19. However, the number of
components increases and the delay time of the signal increases.

Schmitt trigger IC

2200Q
Vin 1kQ

@ 750Q ik

7% GND H | 0-1uF C I
SHIELD

Fig. 19 Example of a Suppression Circuit for Photocoupler Output Chattering
by Adding an RC Filter and a Schmitt Trigger IC
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=
H
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TLP2363 has a high tolerance to input signals with gentle rising and falling edges, and can
maintain a clean output even for input signals with the slope of +24V/75s, as shown in Fig. 20.
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Fig. 20 Above: Output Voltage (Vo) of TLP2363
when the Input Voltage (Vin) is Slowly Risen up with the Slope of 24V/75s.

Below: Output Voltage (Vo) of TLP2363
when the Input Voltage (Vin) is Slowly Fallen down with the Slope of -24V/75s.
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5. Summary

This application note introduced the designs of PLC 24V Digital Input Modules using a high-speed
communication photocoupler. TLP2363 makes it easy to design a 24V Digital Input Module
compliant with IEC 61131-2 Type 1 and has a high withstand capability for power supply
voltages and input signals with gentle rising and falling edges, eliminating the need for external
components and reducing the number of components.

Refer to this (Link) for the detail of TLP2363.
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