TOSHIBA

Photocoupler Application Notes

Basic Electrical Characteristics and
Application Circuit Design of

Photovoltaic Couplers for MOSFET Drive for
Relays

Outline:

Photovoltaic-output photocouplers(photovoltaic couplers), which incorporate a photodiode array
as an output device, are commonly used in combination with a discrete MOSFET(s) to form a
semiconductor relay. This application note discusses the electrical characteristics and application
circuits of photovoltaic-output photocouplers.

©2019 1 Rev. 1.0 2019-04-25

Toshiba Electronic Devices & Storage Corporation



TOSHIBA

Photocoupler Application Notes

Table of Contents

1. What is a photovoltaic-output photocoupler? ... ..., 3
1.1 Structure of a photovoltaic-output photocoupler ........ccviiiiiiiii e, 3
1.2  Principle of operation of a photovoltaic-output photocoupler..........ccocveiviiiiiiiiiiiinnns 3
1.3 Basic usage of photovoltaic-output photocouplers........cooiviiiiiiiiiiiii . 4
1.4  Advantages of PV+MOSFET coOmbiNations .....ovvviiiiiiiiiiiiiiiiei e a e e 5
1.5 Types of photovoltaic-output photoCOUPIErs ......cccvviiiiiii e, 7

2. Major electrical characteristics and behavior of photovoltaic-output photocouplers........ 8
B T Vel Pl ol = = (01 (=] £ o[k S 9
2.2 Vo Ta CharaCleristiC. e e 10
G T Yl 1= ol =] = [0 (=] 1 o o 10
B P ol b= T e g = = Lot =] 1) o ol 11
2.5  ton-CL and o -CL CharaCteristiCS . o e 12

3. Considerations for configuring relays with PV+MOSFET combinations........................ 12
3.1  Selecting a MOSFET and determining its gate drive conditions............c.cooveieieiennen. 13
3.2  Setting the input forward current (If) and discharge resistor (Rsy) of the photovoltaic-
output photocoupler that satisfy the gate drive condition of the MOSFET..........cccecvvvvinenens 14
3.3 Input forward current (If) of the photovoltaic-output photocoupler and selection of Ry
0= 1STST0 10 1 T = 17

4, L= 1 PP 19

RESTRICTIONS ON PRODUCGCT USE.......ciiiiiiiiiii ittt e vt e e a e e e s e e na e et e enaeaneenes 22

©2019 2 Rev. 1.0 2019-04-25

Toshiba Electronic Devices & Storaae Corporation



TOSHIBA

Photocoupler Application Notes

Typically, photocouplers consist of a light emitting device optically coupled with a light
detecting device via a transparent galvanic insulator. They are commonly used to transfer
an electrical signal between two circuits with different ground potentials by means of light.
In the past, electromagnetic relays, isolation transformers, and other devices were used to
transfer electrical signals from an integrated circuit or between isolated primary and
secondary sides. At present, photocouplers are generally used because they help resolve
an impedance mismatch, provide higher isolation between input and output, suppress
induced electromotive force, and simplify noise blocking. A photovoltaic-output
photocoupler generates electricity on its own in response to light energy from the input
light emitting diode (LED). Capable of driving a discrete MOSFET(s) without a power supply,
photovoltaic-output photocouplers are expected to replace conventional mechanical relays.
This application note provides a description of their electrical characteristics and application
circuits for engineers who are unfamiliar with photovoltaic-output photocouplers.

1. What is a photovoltaic-output photocoupler?

1.1 Structure of a photovoltaic-output photocoupler

As is the case with other types of photocouplers, photovoltaic-output photocouplers
consist of an input light emitting device optically coupled with an output light detecting
device via a transparent galvanic insulator (Figure 1.1(a)). In the case of photovoltaic-
output photocouplers, an infrared LED is used as a light emitting device whereas a
photodiode array is used as a light detecting device (Figure 1.1(b)).

Photo Detector Chip Coupling Medium
(Window)
Z—] Package (Body) 10 * 1 6 1: Anode (Input)
!/ | 3: Cathode (Input)
N :
—_ i Lead i 4: Cathode (Output)
/ \ 30 1 4 ©6: Anode (Output)
LED Chip Die Coat
Figure 1.1(a) Internal structure example Figure 1.1(b) Pin assignment example
1.2 Principle of operation of a photovoltaic-output photocoupler

A photodiode that detects light in the photovoltaic-output photocoupler is a
semiconductor device with a pn junction.
When a photodiode detects light with energy greater than its energy band gap (Eg), the
excited electrons move to the n region (holes move to the p region), causing the number
of electrons in the n region and the number of holes in the p region to increase. This creates
a difference in potential between the n and p regions, with the n region being positive with
respect to the p region. Consequently, a positive open voltage appears in the p region
(anode) when both ends of the photodiode are open-circuited whereas short-circuit current
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flows from the p region (anode) to the n region (cathode) when they are short-circuited
(Figure 1.2). The voltage that appears across a single photodiode is a fraction of a volt. An
open voltage of a few volts can be obtained by using an array of photodiodes.

Cathode contact ~ [[

' N-typg

™
+

N

Insulation  pepjetion  Anode contact

Figure 1.2 Principle of voltage generation in a photodiode

1.3 Basic usage of photovoltaic-output photocouplers

A photovoltaic-output photocoupler (PV) generates DC voltage that is used to drive the
gate of the following MOSFET(s). Since the short-circuit current from a photovoltaic-output
photocoupler is typically on the order of ten to a few tens of microamperes, it is unsuitable
for switching power supply drive and other high-speed switching applications. Therefore,
photovoltaic-output photocouplers are commonly used for relay applications that tolerate
low-speed switching. Photovoltaic-output photocouplers provide an open voltage (Voc) of
about 7 to 9 V at a room temperature of 25°C. However, Voc decreases as temperature
increases. Therefore, multiple photovoltaic-output photocouplers might be necessary,
depending on the environmental conditions under which they are used or the gate
threshold voltage (Vi) of the driven MOSFETs (Figure 1.3(1b)). Discrete MOSFETs contain
a parasitic body diode. Therefore, in the case of AC relay applications, it is necessary to
connect the drain and source terminals of two MOSFETs as shown in Figure 1.3(1a) (i.e.,
the drain (source) terminal of a MOSFET and the source (drain) terminal of an adjacent
MOSFET). In contrast, in the case of DC relay applications, a single MOSFET suffices as
shown in Figure 1.3(2).
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Photovoltaic
coupler — coupler
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Figure 1.3(1a) AC relay consisting of
one PV and two MOSFETs

Photovoltaic

T

Figure 1.3(2) DC relay consisting of
one PV and one MOSFET

Photovoltaic
coupler
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Photovoltaic }
coupler

Figure 1.3(1b) AC relay consisting
of two PVs and two MOSFETs

A photorelay integrates a photovoltaic-output photocoupler and MOSFETs in a single
package. It requires much less board space than a combination of a photovoltaic-output
photocoupler and discrete MOSFETs. A disadvantage of the photorelay is that its current
rating is constrained by the size of the chips that can be integrated in one package.

O O n| .
Great flexibility in P ,':; ? PV and MOSFETs in
g 4
g the choice of MOSFETs | ) ¥ o package

O : Space advantage

PV + MOSFETs Photorelay

Figure 1.4 PV+MOSFETs vs. photorelay

1.4 Advantages of PV+MOSFET combinations

A PV+MOSFET combination compares unfavorably with a conventional mechanical relay
in terms of price and has a limit on the maximum power that can be switched. Nonetheless,
PV+MOSFET combinations have several advantages over mechanical relays.
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(1) Bounceless switching

A mechanical relay has a physical contact. When the contact opens, it is susceptible to
bounce noise, which might affect the correct operation of the neighboring devices (Figure
1.5 (a)).

In contrast, semiconductor relays including PV+MOSFET combinations are free from
bounce noise because they have no mechanical parts (Figure 1.5(b)).
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Metal contact output signal

1 MOSFET collector current
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contact bouncing

I MOSFET collector voltage

TG |y #2% Lo Lo Lo
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Figure 1.5(a) Operating waveforms of a Figure 1.5(b) Operating waveforms of a

mechanical relay with a resistive load PV+MOSFET relay with a resistive load

(2) No limit on the number of contact open/close cycles

Mechanical relays have a limit on the number of open/close cycles because of the use of
a mechanical contact. In contrast, semiconductor relays such as PV+MOSFET combinations
are free from mechanical aging and failure.

(3) High response speed

When response speed is a priority, PV+MOSFET relays can be configured to switch faster
than mechanical relays although this advantage depends on the on-resistance and gate
capacitance of the driven MOSFET. Therefore, PV+MOSFET relays can be used for phase
control applications.

(4) Reduction in the power consumption of a power supply circuit

Because mechanical relays drive a solenoid coil, they require an input current as high as
a few tens of milliamperes. In addition, a separate power supply might be needed for a
drive circuit that supplies this input current. In contrast, semiconductor relays such as
PV+MOSFET combinations require an input current of only a few to 10 or so milliamperes.
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Many power supplies are required.
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Figure 1.6 Advantages of PV+MOSFETs

1.5 Types of photovoltaic-output photocouplers

A photovoltaic-output photocoupler that drives a MOSFET requires a circuit to discharge
the gate capacitance to turn it off. Some photovoltaic-output photocouplers incorporate a
discharge circuit, and others do not. The simplest photovoltaic-output photocoupler
requires an external discharge circuit. In the simplest case, it is a single resistor connected
between the anode and cathode outputs of the photovoltaic-output photocoupler. A high-
value resistor allows the photovoltaic-output photocoupler to provide an open voltage (Voc)
close to its Voc rating. However, a high-value resistor slows the turn-off of a MOSFET
because the discharge time is dependent on the product of the gate capacitance of the
driven MOSFET and the resistor value (C x R). An advantage of using photovoltaic-output
photocouplers without an internal discharge circuit such as the TLP3905 is the flexibility in
adjusting open voltage and turn-off time within certain ranges. In contrast, photovoltaic-
output photocouplers with an internal discharge circuit such as the TLP191B do not provide
such design flexibility, but require fewer parts and less board space and design workload.
Another type of photovoltaic-output photocouplers such as the TLP3906 incorporate a
discharge clamp circuit instead of a resistor that operates only during the turn-off of a
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MOSFET. These photovoltaic-output photocouplers provide the voltage generated by a
photodiode array (i.e., open voltage) without attenuation when the LED is on and quickly
discharges the MOSFET gate when it turns off. They simplify system design and provide
outstanding electro-optical characteristics.

Table 1.1 Types of output circuits in photovoltaic-output photocouplers

Output circuit No discharge circuit : Built-in discharge Built-in discharge
type resistor circuit

Equivalent
circuit E} *_j - _.i ] . T
7 N2 5
N L3 3
O L] C ¥ ] O : ]
Product TLP3905 TLP191B TLP3906
example
Characteristics | * Requires an external | * No need for an * No need for an
discharge circuit external discharge external discharge
circuit circuit
* Limited MOSFET gate ¢ Provides higher
discharge performance MOSFET gate
because of the fixed discharge performance
internal resistor value and thus shorter
MOSFET turn-off time
than a built-in resistor
2. Major electrical characteristics and behavior of photovoltaic-output

photocouplers
This section describes major electrical performance characteristics shown in the
datasheets of photovoltaic-output photocouplers and their behaviors that you need to
understand to design a PV+MOSFET relay.

©2019 8 Rev. 1.0 2019-04-25

Toshiba Electronic Devices & Storaae Corporation



TOSHIBA

Photocoupler Application Notes

Table 2.1 Major terms used in the technical datasheets of photovoltaic-output photocouplers

Input Forward | Ir Rated current that can flow continuously in the forward
direction of the LED

Current

Input Power P Rated power that can be dissipated in the LED

Dissipation

Open Voltage Voc Output photovoltaic voltage generated at the specified input
current, Ir

Short-Circuit Isc Output photo-current generated by the specified input current,
I

current

Turn-ON time ton Time taken for the output waveform to change from 100% to
10% after the LED current is turned on under the specified
conditions

Turn-OFF time | tor Time taken for the output waveform to change from 0% to 90%
after the LED current is turned off under the specified
conditions

2.1 Voc-Ir characteristics

The Voc-Ir characteristics show the dependence of open voltage (Voc) on input forward
current (If). As I increases, Voc increases. In the case of photovoltaic-output
photocouplers that require an external discharge resistor such as the TLP3905, a high-
value resistor helps maintain V¢ at high voltage as shown in Figure 2.1. However, a high-
value resistor causes the MOSFET turn-off time to increase as indicated by the t,s -C_
characteristics of Figure 2.6 shown later. The TLP3906 incorporating a discharge circuit
does not require an external resistor. Therefore, Figure 2.2 gives only one Voc characteristic
when its outputs are open-circuited. The TLP3906 incorporates a discharge circuit that
provides the highest open voltage and efficiently turns off a MOSFET.
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Figure 2.1 TLP3905 Voc-IF characteristics
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Figure 2.2 TLP3906 Voc-IF characteristic

The Voc-Ta characteristic shows the dependence of open voltage (Voc) on the ambient
temperature (Ta). Voc decreases as the ambient temperature increases, as shown in Figure
2.3. Even at the highest ambient temperature, Voc must be higher than the gate threshold
voltage (Vy,) of the driven MOSFET. If V¢ is lower than Vg, multiple photovoltaic-output
photocouplers must be connected in series in order to obtain a higher open voltage. The
Voc-Ta characteristic is negatively sloped because both the light output of an LED and the
open voltage of a photodiode array decrease as the ambient temperature increases.

Voc (V)

0

I = 10 mA
o,
P
~—

N~

n
40 20 0 20 40 60 80 100 120 140
T, (C)

Figure 2.3 TLP3905 Voc-Ta characteristic

2.3

Isc-IF characteristic

The Isc-IF characteristic shows the dependence of short-circuit current (Isc) on input
forward current (Ir). The output short-circuit current (Isc) increases as I increases, as
shown in Figure 2.4. Isc charges the gate capacitance of the driven MOSFET. The higher
the Isc value, the shorter the charging time becomes. In other words, increasing Isc helps
reduce the MOSFET turn-on time.
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Some photovoltaic-output photocouplers are available with some Isc ranks. Table 2.2
shows the Isc ranks for the TLP3905. The TLP3905 with Rank C20 provides an Isc of
minimum 20 pA whereas the TLP3905 without a rank option provides an Isc of minimum
12 pA. Therefore, Rank C20 makes it possible to control a MOSFET with a high drive

capability.
100 —
T,=257% [ -
AR
2 /
D — — Table 2.2 TLP3905 short-circuit current Isc rank classification
3 7 -
/ (Ta = 25°C)
f/ Rank lsc Rank Marking Test Condition Sh""'Ci"’{‘:"irﬁ""em Isc | ynit
c20 = lg=10mA 20 WA
Mone C, Blank le =10 mA 12
1
1 10 100

lr (mA)

Figure 2.4 TLP3905 Isc-If characteristic

2.4 Isc-Ta characteristic

The Isc-Ta characteristic shows the dependence of short-circuit current (Isc) on the
ambient temperature (Ta). Isc decreases as the ambient temperature increases, as shown
in Figure 2.5. The Isc-Ta characteristic is negatively sloped because the light output of an

LED decreases as the ambient temperature increases.
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Figure 2.5 TLP3905 Isc-Ta characteristic
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2.5

ton-CL and t. -C. characteristics

The t,,-C. and ty -C. characteristics show the dependence of turn-on and turn-off times
(ton and toer) on load capacitance. In the case of a PV+MOSFET relay, C. represents the gate
capacitance of the driven MOSFET, C; (=Qg/Vee). As the load (i.e., the MOSFET gate
capacitance) increases, the time taken to charge and discharge the gate capacitance
increases, causing t,, and tys to increase. Figure 2.6 indicates that, in the case of the
TLP3905, t, can be reduced by using a low-value discharge resistor. However, using a low-
value discharge resistor causes the output open voltage (Voc) to decrease as indicated by
the Voc-If characteristics of Figure 2.1.

3.
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0.1 ~—~—r 510 kQ
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0.01 | L]
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Figure 2.6 TLP3905 t,,-C_ and t.-C_ characteristics

Considerations for configuring relays with PV+MOSFET combinations

PV+MOSFET relays have many advantages over conventional relays as described thus
far. However, careful consideration is necessary because various factors affect their
performance as discussed in this section.

PV+MOSFET relays are convenient particularly when you need to:

Solve the service life and reliability problems of mechanical relays

Eliminate contact bouncing during turn-off

Reduce the turn-on and turn-off times

Provide more intricate control than is achievable with triac- and thyristor-based solid-
state relays (SSRs)

Provide higher off-state output terminal voltage (Voer) and on-state current (Ioy) than
those achievable with photorelays, a type of semiconductor relays. (Toshiba’s
photorelays are available with a Vg of up to 600 V and an Ioy of up to 5 A.)

Figure 3.1 is an example of a semiconductor switch for switching a 24-V/2-A load. The
following subsections discuss the considerations for this DC switch.
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Example of DC switch specifications: Veey ey
Operating temperature: T,,r = -10 to 60°C o Rin _?
Switch speed: Interval > 1 second i) Load

On/Off < 5 ms Supply
Control-side supply voltage: Veei = 5 VDC + 5% voltage
Load supply voltage: Vcer = 24 VDC £ 5% IC vz (VCCZ?
Load current: 2 A <[>c _ P4
Operating life: 10 years (88,000 hours) Vo Photovoltaic coupler

Figure 3.1 Example of a semiconductor switch with a 24-V/2-A load

3.1 Selecting a MOSFET and determining its gate drive conditions

For the DC switch of Figure 3.1, we should select a MOSFET with a drain-source voltage
(Vpss) of 60 V because the load supply voltage is specified to be 24 VDC. Of Toshiba’s low-
voltage MOSFETs with a Vpss of 60V, let’s consider using the TPHO9R506PL with the lowest
drain-source on-resistance (Rps(on)). As an example, the TPHOR506PL is combined with the
TLP3905 photovoltaic-output photocoupler with a basic configuration.

TPHOR506PL: Vpss = 60 V, Rpsiony = 15 mQ (max) at Vgs= 4.5V and Ip= 8 A
TLP3905: Voc =7 V (Min), Isc = 12 pA (min) at Ir = 10 mA

When a photovoltaic-output photocoupler is used to drive a MOSFET, the open voltage
(Voc) of the photovoltaic-output photocoupler must be higher than the gate threshold
voltage (V) of the MOSFET:

Voc > Vin
As described in Section 2.2, the open voltage (Voc) of the photovoltaic-output photocoupler
is dependent on the ambient temperature. In some cases, it is necessary to connect
multiple photovoltaic-output photocouplers in series, depending on the maximum ambient
temperature at which a switch will be used as well as the requirement for the MOSFET gate
voltage.

First, check the recommended gate threshold voltage (Vy,) of the TPHOR506PL MOSFET.
The recommended gate threshold voltage of a discrete MOSFET is indicated as a test
condition for drain-source on-resistance. In the case of the TPHO9R506PL, Vgs = 4.5 V will
be appropriate (Figure 3.2).

(Ta = 25°C)
Characteristics Symbol Test Condition Min Typ. Max Unit
Drain-source on-resistance Rosiony M|Ves =4.5 \I Ib=8A — 10.2 15.0 mo2
[Ves =10V, Ir=17 A — 7.3 9.5
Figure 3.2 TPHOR506PL Rps(on) test conditions
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3.2 Setting the input forward current (Ir) and discharge resistor (Rsy) of the photovoltaic-
output photocoupler that satisfy the gate drive condition of the MOSFET

As described in Section 2.2, the Voc of the photovoltaic-output photocoupler decreases
as the ambient temperature increases. The PV+MOSFET relay needs to operate properly
at an ambient temperature (Ta) of up to 60°C according to the specifications shown in
Figure 3.1. In other words, it is nhecessary to maintain Voc at a level that satisfies Vgs = 4.5
V even at a Ta of 60°C. From the slope of the Voc-Ta characteristics shown in Figure 3.3,
it is estimated that Voc should be higher than 5.7 V at a Ta of 25°C.

15
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[~ Voe-
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10 ~ 73 h
2, ) tef'/'s .
S U -{;— ics -
O LS E A _
O o Sty ~
>5.7V--.. """T:ﬁ"\ mat@d'/
S = T Lﬁ— OC\T
4.5 VF . S - q
H i S
: ks
0 a

40 20 O 20 40 60 80 100 120 140

T, (¢)°0°C

Figure 3.3 TLP3905 V¢ -Ta characteristics

Next, look at the Voc-Ir characteristics of the TLP3905 shown in Figure 3.4.

To turn off a MOSFET, it is necessary to discharge the gate during turn-off. The external
resistor (Rsy) in the circuit of Figure 3.1 serves this purpose. Figure 3.4 shows that its
resistance is a parameter that affects the Voc-Ir characteristics.

Figure 3.4 shows the Voc-Ir characteristics of the TLP3905 with a typical Voc of 9 V shown
in Figure 3.5. Even if the TLP3905 has a minimum Vqc of 7 V, Voc will be higher than 5.7
V when I is higher than 10 mA and Rgy is 1 MQ or higher.
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> Ir must be higher than 10 mA.
10 - w— V4 ——
] =

1.0 MQ

N 510ka ||

1 10 100
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Figure 3.4 TLP3905 Vg -If characteristics

(Ta = 25°C)
Characteristics Symbol| Note Test Condition Min Typ. Max Unit
Open voltage Voec Ir =10 mA 7 9 - \%
lr=10mA, T,=125°C - 5 -

Figure 3.5 TLP3905 Vo specification

The external discharge resistor (Rsy) affects both the turn-on and turn-off of the MOSFET.
To select an appropriate discharge resistor that satisfies the switching speed requirement, it
is necessary to calculate the MOSFET gate capacitance first. When the TPHOR506PL is driven
at a Vgs of 4.5V, its gate capacitance (Cy) can be estimated from the Qg-Vee characteristics.
From the dynamic input/output characteristics of the TPHO9R506PL shown in Figure 3.6, the
gate charge (AQg) can be read as 11 nF at a Vps of 24 V and a Vgs of 4.5 V.

60 12

40

20

Common
source

\ .
N Ip=17 A
\ . T,=25°
. Pulse test
0 2 0
o AQg 10" 20 30

Total gate charge Qg (nC)
AQg= 11 nC

Figure 3.6 TPHO9R506PL dynamic input/output characteristics
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?
|
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According to Coulomb’s law, Cy=Q4/Vee. Hence, Cq is estimated to be 11/4.5 = 2.4 nk.
The datasheet of the TLP3905 shows the t,,-load capacitance and t.¢-load capacitance
characteristics (Figure 3.7). In the case of photovoltaic-output photocouplers with a
configuration like that of the TLP3905, t,+ tends to be predominantly longer than t,,. Figure
3.1 shows that both the t,, and t,s requirements are less than 5 ms. When the load
capacitance (Cq) is 2.4 nF or greater, the t,, requirement is satisfied regardless of the
discharge resistor values shown in Figure 3.7. However, Figure 3.7 indicates that the
discharge resistor must be 1 MQ or lower to satisfy the t,s requirement.

Now, look at the t,,-load capacitance and ts-load capacitance characteristics of Figure
3.7. Are they dependent on the Voc and Isc parameters of the photovoltaic-output
photocoupler?

The turn-off time (tu) is determined by the MOSFET gate capacitance (C.) and the
discharge resistor value (Rsy). It is hardly affected by the photovoltaic-output photocoupler.
On the other hand, the MOSFET turn-on (t,n) is the process of charging the gate
capacitance (C,) with the output current (Isc) from the photovoltaic-output photocoupler.
Therefore, t,, increases as Isc decreases.

Figure 3.7 shows the dynamic input/output characteristics of the TLP3905 with a
standard rank (Isc = 30 pA) described in Sections 2.3 and 2.4. Assuming that Isc is at the
minimum, Isc can be estimated as follows at an I of 10 mA:

In the case of the C20 Isc rank, when T, = 25°C, Isc(typ) = 30 pA = Isc(min) = 20 pA

When Ta increases from 25°C to 60°C, Isc decreases by 20%. That is: Isc(min) = 20 pA
at T, = 25°C — 16 pA at Ta = 60°C

Taking this into consideration, it is necessary to assume that the t,, values shown in
Figure 3.7 can differ by roughly 1.9 times at the typical and minimum Isc (30 pA / 16 pA).
However, in the case of our DC switch, t,, will not exceed ty s even at the minimum Igc.
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Figure 3.7 TLP3905 t,,, tor —load capacitance (C.) characteristics
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3.3 Input forward current (If) of the photovoltaic-output photocoupler and selection of
Ry based on I

In Section 3.2, the conditions that satisfy Ir > 10 mA were estimated. Now, remember
that the light output of the input LED decreases over time. The degradation of the LED
depends on its input current and the number of hours of operation. A reduction in the
output short-circuit current (Isc) is highly dependent on a reduction in the LED's light output.
Figure 3.8 shows the degradation of the light output of the LED incorporated in the
TLP3905. Suppose that the expected service life is 10 years (roughly 88,000 hours). Figure
3.8 shows that the light output decreases to roughly 85% after 10 years of operation.
Allowing for a margin, assume that the light output will decrease to 80% of the initial
output after 10 years of use (i.e., a 20% decrease).

Taking the degradation in the light output into consideration, Iz should be set to 10 mA
/0.8 =12.5 mA.

Let the low-level output voltage of the logic IC that drives the input LED be Vo.. Then, Ik )
is expressed as:

I _ Vee—VEyp)—VoL
F(typ.)

RiN(typ)
The datasheet of the TLP3905 shows:
VEypy) = 1.65V (Ir = 10 mA)
Hence:

5V-1.65V—-0.4V
12.5mA

236 Q
Therefore, a resistor with 240 Q + 5% should be selected as Ry.

Ry =

)

S

N

o 140

g’ Ir=10 mA

e 120 ; ; " T,=125°C [

2. 100 f i : —
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& =0 : — (Ave-30) +— 3 €= About 85%
g. 60

-

=

o 40

whd
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Q

(a4
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Figure 3.8 Example of LED light output degradation curve

(The above graph shows a typical LED light output degradation curve. When designing a circuit
incorporating photocouplers such as the TLP3905, consult the reliability data of each photocoupler.)

©2019 17 Rev. 1.0 2019-04-25

Toshiba Electronic Devices & Storaae Corporation




TOSHIBA

Photocoupler Application Notes

In this example, Voc is greater than Vgs = 4.5 V even at a Ta of 60°C. If the relationship
Voc > Ves (Vi) cannot be satisfied, sufficient gate voltage can be obtained by connecting
multiple photovoltaic-output photocouplers in series.

—
Photovolta I I }
ouple I t
ONe plece
Photovoltaic
coupler 3
two pieces S
: <
¥ L -
(1) When Voc > Vth (2) When Voc < Vth

Figure 3.9 Study for the photovoltaic-output photocoupler configuration
based on the MOSFET Vy, requirement
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4, Terms

(General terms)

Term Symbol Description
] ] Maximum value that must not be exceeded even for an instant
Absolute Maximum Rating ] ]
during operation
Isolating voltage between input and output under the specified
Isolation Voltage BVs »
conditions
Capacitance (Input to Output), ] ) ] ]
) Cs Electrostatic capacitance between the input and output pins
Total Capacitance (Input to Output)
Capacitance (Input), Cr Electrostatic capacitance between the anode and cathode pins
Input Capacitance Ct of the LED
Forward Current, Rated current that can flow continuously in the forward direction of
I
Input Forward Current F the LED
Pulse Forward Current, Rated current that can flow momentarily in the forward direction of
I
Input Forward Current (Pulsed) FP the LED
Rated current that can flow momentarily in the forward direction of
Peak Transient Forward Current IrpT
the LED
Reverse Voltage, Rated reverse voltage that can be applied across the LED’s
\Y
Input Reverse Voltage R cathode and anode
Reverse Current, Leakage current flowing in the reverse direction of the LED (from
I
Input Reverse Current R cathode to anode)
Forward Voltage, Voltage drop across the anode and cathode pins of the LED under
\Y
Input Forward Voltage F the specified forward-current condition
LED Power Dissipation, o ]
L Pp Rated power that can be dissipated in the LED
Input Power Dissipation
o Total rated power that can be dissipated in both the input and
Total Power Dissipation Pt
output devices
) ] Resistance between the input and output pins at the specified
Isolation Resistance Rs
voltage
Junction Temperature Tj Permissible temperature of the junction of the photodetector or LED
] Ambient temperature range in which the device can operate without
Operating Temperature Topr ) )
loss of functionality
) Rated temperature at which the device pins can be soldered without
Lead Soldering Temperature Tsol ) )
loss of functionality
Ambient temperature range in which the device can be stored
Storage Temperature Tstg
without operation
] Shortest distance along the surface of insulation between the path of
Creepage Distance ) ]
two conductive parts (input and output)
) Shortest distance through air between the path of two conductive
Clearance(Clearance Distance) )
parts (input and output)
Distance through insulation. Shortest thickness through internal
Internal Isolation Thickness, . . . i
] ) insulation between the path of two conductive parts (input and
Insulation Thickness
output)
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(Photovoltaic output)

Term Symbol Description
Forward Current, I Rated forward current that can be applied between anode and
FD
Output Forward Current cathode of the output diode array
Reverse Voltage, v Rated reverse voltage that can be applied across anode and cathode
RD
Output Reverse Voltage of the output diode array
Forward Voltage,
VED Forward voltage across the output’s anode and cathode
Output Forward Voltage
Reverse Current,
IrD Reverse leakage current between the output’s anode and cathode
Output Reverse Current
Open Voltage Voc Output photovoltaic voltage generated by the specified input current,If
Short-Circuit Current Isc Output photo-current generated by the specified input current, I
(Photorelay (MOSFET output))
Term Symbol Description

Trigger LED Current

(Contact a)

Irr

Minimum input current, If, necessary to turn on the output MOSFET

(*1)

(Contact b)

Irc

Minimum input current, I, necessary to turn off the output MOSFET

(*1)

Return LED Current

(Contact a)
Irc

Maximum input current, I, necessary to return the output MOSFET
to the OFF state

(Contact b)

Maximum input current, I, necessary to return the output MOSFET

IFT to the ON state
] Rated voltage that can be applied across the MOSFET's output pins in

OFF-State Output Terminal Voltage VOFF

the OFF state

Rated current that can flow between the MOSFET's output pins in the
ON-State Current Ion

ON state

Resistance between the MOSFET’s output pins under the specified
ON-State Resistance RonN

ON-state conditions

Leakage current flowing between the MOSFET's output pins in the
OFF-State Current Iorr

OFF state
Load Current Limiting ILm Output current range in which the current limiting function is tripped
Output Capacitance CoFfF Capacitance between the MOSFET's output pins (between the two drains)

Turn-ON Time

(Contact a)

ton

Time taken for the output waveform to change from 100% to 10%

after the LED current is turned on under the specified conditions

(Contact b)

ton

Time taken for the output waveform to change from 100% to 10%

after the LED current is turned off under the specified conditions

Turn-OFF Time

(Contact a)

torr

Time taken for the output waveform to change from 0% to 90% after

the LED current is turned off under the specified conditions

(Contact b)

torr

Time taken for the output waveform to change from 0% to 90% after

the LED current is turned on under the specified conditions

(*1) I greater than the maximum Igr (Iec) is required to ensure that the photorelay transitions from the OFF (ON)

state to the ON (OFF) state.
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”".,
Hardware, software and systems described in this document are collectively referred to as “Product”.

TOSHIBA reserves the right to make changes to the information in this document and related Product
without notice.

This document and any information herein may not be reproduced without prior written permission
from TOSHIBA. Even with TOSHIBA's written permission, reproduction is permissible only if
reproduction is without alteration/omission.

Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction
or fail. Customers are responsible for complying with safety standards and for providing adequate
designs and safeguards for their hardware, software and systems which minimize risk and avoid
situations in which a malfunction or failure of Product could cause loss of human life, bodily injury or
damage to property, including data loss or corruption. Before customers use the Product, create
designs including the Product, or incorporate the Product into their own applications, customers must
also refer to and comply with (@) the latest versions of all relevant TOSHIBA information, including
without limitation, this document, the specifications, the data sheets and application notes for Product
and the precautions and conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and
(b) the instructions for the application with which the Product will be used with or for. Customers are
solely responsible for all aspects of their own product design or applications, including but not limited to
(a) determining the appropriateness of the use of this Product in such design or applications; (b)
evaluating and determining the applicability of any information contained in this document, or in charts,
diagrams, programs, algorithms, sample application circuits, or any other referenced documents; and
(c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO
LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS
THAT REQUIRE EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR
A MALFUNCTION OR FAILURE OF WHICH MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY,
SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT ("UNINTENDED USE"). Except
for specific applications as expressly stated in this document, Unintended Use includes, without
limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving
and/or life supporting medical equipment, equipment used for automobiles, trains, ships and other
transportation, traffic signaling equipment, equipment used to control combustions or explosions,
safety devices, elevators and escalators, and devices related to power plant. IF YOU USE PRODUCT
FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please
contact your TOSHIBA sales representative or contact us via our website.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in
whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or
sale is prohibited under any applicable laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is
assumed by TOSHIBA for any infringement of patents or any other intellectual property rights of third
parties that may result from the use of Product. No license to any intellectual property right is granted
by this document, whether express or implied, by estoppel or otherwise.

ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS
AND CONDITIONS OF SALE FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY
LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER, INCLUDING WITHOUT LIMITATION,
INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING
WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS
INTERRUPTION AND LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED
WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR INFORMATION,
INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

GaAs (Gallium Arsenide) is used in Product. GaAs is harmful to humans if consumed or absorbed,
whether in the form of dust or vapor. Handle with care and do not break, cut, crush, grind, dissolve
chemically or otherwise expose GaAs in Product.

Do not use or otherwise make available Product or related software or technology for any military
purposes, including without limitation, for the design, development, use, stockpiling or manufacturing
of nuclear, chemical, or biological weapons or missile technology products (mass destruction weapons).
Product and related software and technology may be controlled under the applicable export laws and
regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the
U.S. Export Administration Regulations. Export and re-export of Product or related software or
technology are strictly prohibited except in compliance with all applicable export laws and regulations.

Please contact your TOSHIBA sales representative for details as to environmental matters such as the
RoHS compatibility of Product. Please use Product in compliance with all applicable laws and regulations
that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A
RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.

TOSHIBA ELECTRONIC DEVICES & STORAGE CORPORATION

https://toshiba.semicon-storage.com/
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