TOSHIBA

Photocoupler Application Notes

Basic Electrical
Characteristics and
Application Designs of
Low-I: Photocouplers

Outline:

This application note discusses the electrical characteristics of low-Ir photocouplers as well as
the considerations for application designs to obtain the best characteristics from these
photocouplers.
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1. Candidates of photocouplers to be used

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
electrical signals between two circuits with different ground potentials by means of light.
Photocouplers have been commonly used because they help solve an impedance mismatch
problem, increase the electrical isolation between input and output, suppress induced
electromotive force, and simplify noise blocking. Use of photocouplers is also expanding to
applications requiring a reduction in board mounting areas and an improvement in
reliability to eliminate the need for maintenance.

Designers of industrial electronic systems sometimes face various issues concerning
transmission lines. For example, if an offset voltage occurs because of a ground loop,
unwanted ground loop current flows through different systems and can potentially damage
them. To avoid this problem, system designers often use photocouplers to transfer electric
signals across short distances.

There is growing demand for reducing the power consumption of electronic devices. In
line with this trend, there is market demand for general-purpose transistor-output
photocouplers with low input forward current (If) to realize low-power control. To meet
this demand, Toshiba is expanding its portfolio of transistor-output photocouplers that are
used to transfer data signals between two isolated circuits.

There are several considerations to take into account in order to obtain the best
performance from these photocouplers. This application note describes the electrical
characteristics of Toshiba’s low-Ir transistor-output photocouplers as well as considerations
for creating system designs.

©2019 3 2019-05-17

Toshiba Electronic Devices & Storage Corporation



TOSHIBA

Photocoupler Application Notes

1.1 Types of low-I; transistor-output photocouplers

Figure 1.1 shows three typical photocouplers: the TLP185 general-purpose transistor-
output photocoupler in the SO6 small, thin package, the TLP183 low-I transistor-output
photocoupler, and the TLP2301 that is a high-speed version of the TLP183.

Part number
It TLP185(SE TLP183 TLP2301
em
Single Tr Single Tr Single Tr
Output type (General) (Low input) (Low input,High speed)
Pin assignment - { f'g:
= L am) 1

4pin
Package SO6

Current | Blank 50~600% 50~600% 50~600%
transfer

ratio |Rank GB 100~600% 100~600% 100~600%
(CTR)

Ic/IF  |Condition @Ir=5mA,Vce=5V @Ir=0.5mA, Vce=5V @Ir=1mA,Vce=5V

Propagation delay 40ps (typ.) 30us (typ.) toLH (max.) =30us
time [torr] @ lr=16mA , Ri=1.9kQ @ lr=1.6mA , Ri=4.7kQ @ Ir=1mA , R=10kQ
Vceo 80V(min) 80V(min) 40V(min)
: Operating -55~110°C -55~125°C -55~125C
emperature Topr
Isolatl%r\llvoltage 3750Vrms

Figure 1.1 Overview for representative products of TLP185, TLP183, TLP2301

Current transfer ratio (CTR) is defined as the ratio of the collector current (I¢) from the
output transistor to the forward current (I¢) applied to the input LED, i.e., Ic/I¢, expressed
as a percentage. CTR varies with the test conditions for Ir. The CTR values of general-
purpose photocouplers are specified at an Ir of 5 mA and a Ve of 5 V whereas the CTR
values of low-Ir photocouplers are specified at an Ir of 1 mA or 0.5 mA.

Low-If transistor-output photocouplers:
TLP185 : CTR = 50%-600% at Ir = 5 mA
TLP183 : CTR = 50%-600% at Ir = 0.5 mA
TLP2301 : CTR = 50%-600% at Ir = 1 mA

Figure 1.2 compares the dependence of CTR on Ir of the general-purpose TLP185 and
the low-Ir TLP183.
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Figure 1.2 Ir dependency for CTR on representative products of TLP185, TLP183

As shown in Figure 1.2, the CTR curves of the TLP183 and TLP185 have a marked
difference in the low-Ir region. Their CTR values change as follows over the Ir range
between 5 mA and 0.5 mA:

IFr=5mA—>1=0.5mA
TLP185: The CTR value decreases roughly by half.
TLP183: The CTR value decreases by only a few percentage points.

The TLP183 exhibits a very low reduction in CTR in the low-Ir region. This is because the
TLP183 incorporates a high-output, long-life LED of a new generation. The TLP2301 also
incorporates a high-output, long-life LED and therefore exhibits an I-CTR curve similar to
that of the TLP183. Such CTR characteristics of the TLP183 and TLP2301 help reduce the
input current (Ir) and improve the performance of system designs.
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2. Designing an interface circuit using a transistor-output photocoupler

In Figure 2.1, a 4-pin photocoupler interfaces between two logic ICs. This section discusses
how to select Ryy and R, to ensure that “on” and “off” signals are transferred properly across
the photocoupler. First of all, you should tentatively decide on the input current (If). Then,
calculate the minimum collector current that is drawn at the saturation voltage of the output
transistor in order to determine the pull-up resistor value (R).

Example of design specifications

Vce
Operating temperature Ty 0 to 70°C

Data transmission rate: 5 kbit/s
Supply voltage: Vec =5V £ 5%

Vce
RIN
e e
Operating life: 10 years (88,000 hours) F C\ - ——
_
System working duty: 50% ~I>O—[ ]j e

TLPxxx IL l RL

loL

Figure 2.1 Interface circuit between TTLs
using a 4pin transistor coupler

Let’s select a photocoupler first.

Here, we will consider three choices: the general-purpose TLP185(SE, the low-Ir TLP183,
and the TLP2301 that is an IC-output variant of the TLP183. Table 2.1 shows major electrical
characteristics of these photocouplers necessary for circuit design.
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Table 2.1 (1) Main specifications on TLP185(SE

Characteristics Symbol Test conditions (Ta = 25°C) Min Typ Max Unit
Input forward voltage VE Ir=10mA 1.1 1.25 1.4 \%
Collector-emitter breakdown
voltage V BR)ceo |[Ic=0.5mA 80 — — \Y
Emitter-collector breakdown
voltage V BR)ECO [IE=0.1mA 7 — — \
Ir=0mA, Vcg =48V — 0.01 0.08 pA
Dark current IpARK
Ir=0mA,Vce =48V, Ta=85°C| — 2 50 pA
Blank 50 — 600
Ir=5mA
Current transfer ratio CTR (Ic/IF) v sy Rank GB 100 — 600 %
CE =
Rank GR 100 — 300
Collector-emitter saturation
voltage VCE (sat) |[IF =8 mA, Ic = 2.4 mA — — 0.3 \
Table 2.1 (2) Main specifications on TLP183
Characteristics Symbol Test conditions (Ta = 25°C) Min Typ Max Unit
Input forward voltage VE Ir=10mA 1.1 1.25 1.4 \%
Collector-emitter breakdown
voltage V BRr)ceo |[Ic=0.5mA 80 — — \%
Emitter-collector breakdown
voltage V BR)ECO |[Ie=0.1mA 7 — — \
Ir=0mA, Vce =48V — 0.01 0.08 pA
Dark current IpARK
Ir=0mA,Vce =48V, Ta=85°C| — 2 50 pA
Blank 50 — 600
Ir=0.5mA
Current transfer ratio CTR (Ic/IF) v sy Rank GB 100 — 600 %
CE =
Rank GR 100 — 300
Collector-emitter saturation
voltage VCE (sat) |IF =8 mA, Ic = 2.4 mA — — 0.3 \
Table 2.1 (3) Main specifications on TLP2301
Characteristics Symbol Test conditions (Ta = 25°C) Min Typ Max Unit
Input forward voltage Vg Ir =10 mA 1.1 1.25 1.4 \
Collector-emitter breakdown
voltage V BRr)ceo |[Ic=0.1mA 40 — — \%
Emitter-collector breakdown
voltage V BryeEco [Ig=0.1mA 7 — — Y
Ir=0mA, Vce =40V — 0.01 0.08 pA
Dark current IpARK
Ir=0mA,Vcg =40V, Ta =85°C| — 2 50 pA
IF=1mA Blank 50 — 600
Current transfer ratio CTR (Ic/IF) %
Vce=5V Rank GB 100 — 600
Collector-emitter saturation
voltage VCE (sat) IF=8mA, Ic =24 mA — — 0.3 Y
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2.1 Setting the forward current (If)

First of all, you need to set the LED drive current (I¢) tentatively.

(1) In the case of the TLP185

The maximum Ir value must be lower than the maximum output low-level sink current (Ip,)
of the logic IC connected to the input of the TLP185. Suppose that the Iy value of a typical
logic IC is 8 mA. Then, Ir must be equal to or less than 8 mA to satisfy Ir < Io.. Figure 2.2
shows that the maximum permissible Ir value is 50 mA. However, I should be minimized
since Ir affects the degradation of the current transfer ratio (CTR) due to aging. Figure 2.3
shows the light output degradation of the LED incorporated in the TLP185(SE. Suppose that
the service life required for the TLP185(SE is 10 years (i.e., roughly 88,000 hours, which
translates to 44,000 hours if the LED is active 50% of the time). So, CTR will decrease by
roughly 30% (D = 0.7) over the period of the service life. In the TLP185 data sheet, CTR is
specified at an Ir of 5 mA. Let's adopt this value for now. Then, the initial Ir value should be
at least 5 mA / 0.7 = 7.2 mA. Therefore, let’s tentatively set Ir to 8mA which is same value
as the I, of the preceding logic IC.

100
Test conditions: Ig=20mA, Ta=40T
< _ HUESEH: 1-=20mA, Ta=40C
g‘ 80 g 140
o~
L E.Ef, 120
= 60 §§ 100
® X
° 40 X é@, 60
g \ 5R 40
S ’5§ .
- 20 SR 20
E— This curve shows the maximum 3 01 10 100 1000 10000 100000
limit to the input forward current Test time (h)
0 SHERBSTY (h)
-20 0 20 40 60 80 100 120
Ambient temperature Ty (°C)
Figure 2.2 Allowable forward current - Figure 2.3 Example of LED light power
Ambient temperature (TLP185(SE ) degradation curve(*)

* The graph shows a typical LED light output degradation curve. When designing a circuit incorporating photocoupler

components including the TLP185(SE, consult reliability data individually

(2) In the case of the TLP183

In the TLP183 data sheet, the current transfer ratio and turn-on and turn-off times are
specified not only at Ir = 5 mA but also at Ir = 0.5 mA. Figure 2.4 shows the light output
degradation of the LED incorporated in the TLP183 and TLP2301 due to aging. The lower the
Ir value, the lower the CTR degradation. Suppose, however, that the service life required for
the TLP183 is 10 years (i.e., roughly 88,000 hours, which translates to 44,000 hours if the LED
is active 50% of the time). So, CTR will decrease by roughly 15% (D = 0.85) over the period
of the service life. In the TLP183 data sheet, CTR is specified at an Ir of 0.5 mA. Let's adopt
this value for now. Then, the initial Ir value should be at least 0.5 mA / 0.85 = 0.6 mA.
Therefore, let’s set Ir to 1 mA tentatively, allowing for some margin.
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(3) In the case of the TLP2301

In the TLP2301 data sheet, the current transfer ratio and propagation delay times are
specified at a low Ir value of 1 mA. As is the case with the TLP183, it is necessary to take 15%
degradation in CTR into consideration. However, increasing current affects propagation delay
times. The TLP2301 is a high-speed variant of the TLP183; its propagation delay times are
specified at an Ir of 1 mA. It is therefore beneficial to set I at or close to 1 mA. Here, let's set
design parameters tentatively so that Ir will be 1 mA under the worst-case conditions
considering two conflicting factors.

GaAs (MQW) IR-LED STEADY STATE OPERATION LIFE TEST
(ESTIMATED DATA)
TEST CONDITION : IF=10mA, Ta=85°C, Duty=100%

1 10 100 1000 10000 100000
STRESS TIME:h

Figure 2.4 Example of LED light power degradation curve(*)

* The graph shows a typical LED light output degradation curve. When designing a circuit incorporating photocoupler

components including the TLP183 and TLP2301, consult reliability data individually

2.2 Setting the value of the It-limiting resistor (R;y)
Ir(typ.) is expressed as:

Vee—VEiyp)—Vol

Irtyp) = RiN(typ,)

(1) In the case of the TLP185
The data sheet (Figure 2.5) shows that Vg () is:
VE (typy = 1.25V (Ir = 10 mA)
Hence, Ryy is calculated as:

_ 5V-1.25V-0.4V
RIN - 8mA

=419 Q
Therefore, let's select a resistor with a value of 430 Q + 5% for Ryy.
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If (miny @nd Ir (max) are calculated as shown below.

Ve is 5V £ 5%. The data sheet also shows the minimum and maximum Vg values.
Vee (ming = 5V -5% =4.75V, Vec (maxy = 5V + 5% = 5.25V

VEminy = 1.1V, VE(maxy = 1.4V

Photocoupler Application Notes

(Ta=25°C)

Characteristics Symbol Note Test Condition Min Typ. Max Unit

LED |[Input forward voltage VE g =10 mA 1.1 1.25 1.4 \%

Figure 2.5 Specification on TLP185(SE excerpted from data sheet

VCC(min.) _VF(max.) —VoL

Trpriny =
F(min.) RIN(max.)

_ 4.75V-14V-04V
452Q

= 6.5 mA

VCC(max.) _VF(min.) —VoL

IF(maX') - RIN(min.)

_ 5.25V-11V-0.4V
409Q

= 9.2 mA

(2) In the case of the TLP183
The data sheet (Figure 2.6) shows that Vg () is:
VE (typy = 1.25V (I = 10 mA)
Here, let’s estimate Ve (4, at an Ir of 1 mA.
Figure 2.7 shows that Vg decreases by roughly 0.1 V when I = 1 mA.

(Ta=25°C)

Characteristics Symbol Note Test Condition Min Typ. Max Unit

LED |[Input forward voltage VE g =10 mA 1.1 1.25 1.4 \%

Figure 2.6 Specification on TLP183 excerpted from data sheet
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100 :
i
—
P y/
- /,
- 10 -
o i
= f i
3
(&) —
Rl L [ T.=125°C
- ~1 110 °Cc
= 1 — 85 °C
o [ § 2 — 50 °c
- L 25°C
- T 0°C
[ I -25°C
- I -55 °C
0.1 ] |
0.6 08 1 1.2 1.4 16 18

Input forward voltage Vg (V)

Figure 2.7 I - Vi characteristics on TLP183 excerpted from data sheet

5V—-1.15V-0.4V
RIN - 1mA

= 3.45 kQ
Therefore, let’s select a resistor with a value of 3.3 kQ + 5% for Ryy.

I¢ (miny @nd Ir (max) are calculated as shown below.

Vec is 5V £ 5%. From the data sheet values and Ir - Vg curves (Figure 2.7), the minimum
and maximum Vg values are as follows:

Veeming =5V -5% =475V, Vec maxy = 5V + 5% = 5.25V

VE (min) = 1.0V, VE(max) = 1.3V

Vee@min)—VFmax)—VoL

I miny =
F(min.) RIN(max.)

_ 4.75V-13V-04V
3.47kQ

= 0.88 mA

I _ VCC(max.) _VF(min.) —VoL
F(max.) —

RIN(min.)

_ 5.25V-1.0V-0.4V
3.14kQ

= 1.23 mA
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(3) In the case of the TLP2301
The data sheet (Figure 2.8) shows that V () is:
VE (typy = 1.25V (Ir = 10 mA)
Here, let’s estimate Ve () at an Ir of 1 mA.
Figure 2.9 shows that V¢ decreases by roughly 0.1 V when I = 1 mA.

(Ta=25%C)
Characteristics Symbol Note Test Condition Min Typ. Max Unit
LED |Input forward voltage Ve Ir =10 mA 1.1 1.25 1.4 \%

Figure 2.8 Specification on TLP2301 excerpted from data sheet

100
=~ £
. /
e
o 1 +
3 /
© |
3
o 0.1 ‘
= /
a f
c
f Ta=25°C
0.01
0.6 0.8 1 1.2 14 16 18

Input forward voltage VF (V)

Figure 2.9 Ir - Vi characteristics on TLP2301 excerpted from data sheet

5V-1.15V-0.4V

Rinv =
IN 1mA

= 3.45 kQ
Therefore, let’s select a resistor with a value of 3.3 kQ + 5% for Ry.

I¢ (miny @nd Ir (max) are calculated as shown below.

Vec is 5V £ 5%. From the data sheet values and Ir - Vg curves (Figure 2.9), the minimum
and maximum Vg values are as follows.

Vee ming =5V -5% =4.75V, Vec (maxy = 5V + 5% = 5.25V

VE (min) = 1.0V, VE(maxy = 1.3V
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VCC(min.) _VF(max.) —VoL

IF(min') - RIN(max.)
_ 4.75V-1.3V-04V
3.47kQ
= 0.88 mA
I _ VCC(max.)_VF(min.)_VOL
F(max.) —

RIN(min.)

_ 5.25V-1.0V-0.4V
3.14kQ

=1.23 mA

2.3 Setting the value of the pull-up resistor (R,)

Choose a pull-up resistor (R) so that the collector current will not exceed the specified I under
the worst-case condition.
Let the worst-case Ic value be minl.. Then, minl¢ is calculated as follows:

Vee@max)—ViL
minl¢

R, >

mMinlc = I (miny X Dt x Dif x Dyce x Dra x @
where:
Vi : Maximum low-level input voltage of the device driven by a photocoupler (or low-
level output voltage required)
D; : Rate of degradation in I¢ after an elapse of a certain time
Dir : Rate of change in Ic at the Ir setpoint corresponding to the data sheet-specified
conditions
Dvce: Rate of change in I under Ve (sary conditions
D1, : Rate of change in I¢ in the operating temperature range
a : Design margin
Read performance curves in the data sheet to obtain these values.

(1) In the case of the TLP185

Ic(miny: Here, let's use the TLP185(SE of rank GB. The minimum current transfer ratio of rank
GB is specified as 100% at Ir = 5 mA and Ve = 5 V. Thus, I¢miny is calculated as 5 mA x 100%
= 5 mA.

D:: The decrease in Ic due to aging greatly depends on the degradation of the LED light output.
Figure 2.10 shows an example of the light output degradation of the LED incorporated in the
TLP185(SE. Suppose that the service life required for the TLP185(SE is 44,000 hours (i.e., 50%
of an expected service life of 10 years or roughly 88,000 hours, assuming that the LED is active
50% of the time), and its light output is calculated as 80%. Allowing some design margin, let's
assume that CTR will decrease by 30% and substitute 0.7 for D..
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Test conditions: Ig=20mA, Ta=40°C
SUEREAF: Ig=20mA, Ta=40C

g 140
qU)’f"‘\
Eé‘; 120
G B v
gﬁ 100 — X_
%ﬂ i e —
E;l;‘g 80 T T T 1 T 1T \‘\.,
éé« 60 X-30
§'§ 40
3R 20
5
- 1 10 100 1000 10000 100000

Test time (h)

sUEREFR] (h)

Figure 2.10 Example of LED light power degradation curve(*)

* The graph shows a typical LED light output degradation curve. When designing a circuit incorporating photocoupler

components including the TLP185(SE, consult reliability data individually

Dir: The rate of change in I at the Ir setpoint corresponding to the data sheet-specified
conditions can be calculated from the I¢-Ir curves of the TLP185(SE. Here, we have assumed
that Ir = 8 mA. From Figure 2.11, Iccan beread as 9.5 mAatl;i=5mAandas 16 mAatlr=8
mA. Hence, D is calculated as 16 mA /9.5 mA = 1.7.

1co 100 T
Ta=25°C 1
e ?5 mA
< 10 mA
ﬂ’f 1 E 1 lm
s M ~ T
10 — 0 10 =-=_=_5!h=mA
7 =
e o
v 3 1 mA
1 y-1 o) 1 —
© i
4 2 Lt IF=0.5mA
ﬂ I VCE=10V Q ~—
é. ......... VCE=5V O T ——
f; ———- VCE=04V VCE=5V ~
0.1 0.1
0.1 | 10 100 -60 -40 =20 0 20 40 60 80 100 120
Input forward current | (mA) Ambient temperature T, (°C)
Figure 2.11 I - If characteristics on Figure 2.12 I - Ta characteristics on
TLP185(SE excerpted from data sheet TLP185(SE excerpted from data sheet
©2019 14 2019-05-17

Toshiba Electronic Devices & Storage Corporation



TOSHIBA

Photocoupler Application Notes

Dvce: A rate of change in Ic under Ve sary (= 0.4 V) condition can be calculated from the Ic-I¢
curves shown in Figure 2.11. When Ir = 8 mA, Ic can be read as 16 mA at Vg = 5V and 6.5 mA
at Ve = 0.4 V. Hence, the rate of change in I¢ (Dyce) can be calculated as 6.5 mA / 16 mA = 0.4.

Dr: The rate of change in I¢ over the T, range can be calculated from the Ic-Ta curves shown
in Figure 2.12. Read the curve for Ir = 10 mA that is close to our condition of Ir = 8 mA. Since
Ic is the lowest at 70°C, we get I = 20 mA at Ta = 25°C and Ic = 16 mA at Ta = 70°C. Hence,
the rate of change in I¢ (D+,) is calculated as 16 mA / 20mA = 0.8.

a: Here, let's assume a design margin of 20%. Hence, a = 0.8.

Hence, minlc can be calculated as follows:
MinIc = Ic (min) x Dt x Dif x Dyce x D1p x a
minlc = 5 MA x 0.7 x 1.7 x 0.4 x 0.8 x 0.8
minlc =1.5 mA

Vee@max)—ViL
minl¢

v

RL

5.25V-0.6V

>
RL ~  1.5mA

R, > 3.1kQ

Increasing the R_ value provides a greater margin, but at the expense of an increase in the
turn-off time (torr). So, let's use a 4.7-kQ resistor here, roughly 1.5 times as large as the
above calculation result.

(2) In the case of the TLP183

Ic(miny: Here, let's use the TLP183 of rank GB. The minimum current transfer ratio of rank GB
is specified as 100% at Ir = 0.5 mA and Vce = 5 V. Thus, I¢min) is calculated as 0.5 mA x 100%
= 0.5 mA.

D:: The decrease in Ic due to aging greatly depends on the degradation of the LED light output.
Figure 2.13 shows an example of the light output degradation of the LED incorporated in the
TLP183 and TLP2301. Suppose that the service life required for the TLP183 is 44,000 hours (i.e.,
50% of an expected service life of 10 years or roughly 88,000 hours, assuming that the LED is
active 50% of the time). So, CTR will decrease by roughly 10% (D, = 0.9) over the period of the
service life. Allowing some design margin, let's assume that CTR will decrease by 15% and
substitute 0.85 for Dy.
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GaAs (MQW)

IR-LED STEADY STATE OPERATION LIFE TEST
(ESTIMATED DATA)

TEST CONDITION : IF=10mA, Ta=85°C, Duty=100%

0 I - S

100

STRESS TIME:h

1000 10000 100000

Figure 2.13

Example of LED light power degradation curve(*)

* The graph shows a typical LED light output degradation curve. When designing a circuit incorporating photocoupler

components including the TLP183 and TLP2301, consult reliability data individually.

Dir: The rate of change in I at the Ir setpoint corresponding to the data sheet-specified
conditions can be calculated from the Ic-If curves of the TLP183. Here, we have assumed that
Ir = 1 mA. From Figure 2.14, Iccan beread as 0.95 mAatlr = 0.5mAandas2 mAatlr=1
mA. Hence, D is calculated as 2 mA / 0.95 mA = 2.1.

Toshiba Electronic Devices & Storage Corporation

100 100
Vee =5V
< <
E 3 5mA
L 10 e Lo 10 e —p— —
— i = s
=
o 2 1mA
=1 =2
2 2 T
[=] 1 o 1=
© o [— ¥ —
2 2 = I¢ = 0.5 mA
(=] [=]
($) Vee =10V O
Veg =5V
01 -_———— VCE =04V 0.1
01 1 10 100 60 -40 20 0 20 40 60 80 100 120 140
Input forward current Ig (mA) Ambient temperature T, (°C)
Figure 2.14 1I¢ - Ir characteristics on Figure 2.15 I - Ta characteristics on
TLP183 excerpted from data sheet TLP183 excerpted from data sheet
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Dvce: A rate of change in Ic under Ve sary (= 0.4 V) condition can be calculated from the Ic-I¢
curves shown in Figure 2.14. When Ir = 1 mA, Ic can be read as 2 mA at Ve =5V and 1.9 mA
at Ve = 0.4 V. Hence, the rate of change in I¢ (Dyce) can be calculated as 1.9 mA / 2 mA = 0.95.

Dr.: The rate of change in I¢ over the T, range can be calculated from the Ic-Ta curves shown
in Figure 2.15. Read the curve for Ir =1 mA. Since I; is the lowest at 0°C, we get I = 2 mA at
Ta = 25°C and Iz = 1.8 mA at Ta = 0°C. Hence, the rate of change in Ic (Dv) is calculated as
1.8 mA /2 mA = 0.9.

a: Here, let's assume a design margin of 20%. Hence, a = 0.8.

Hence, minlc can be calculated as follows:
minlc = I¢ (miny X Dt x Dif x Dyce x Dra x @

minlc = 0.5 MA x 0.85 x 2.1 x 0.95 x 0.9x 0.8
minlc = 0.61 MA

Vee@max)—ViL
minl¢

v

RL

5.25V-0.6V

R; >
L ="061mA

R, > 7.6kQ

Increasing the R_ value provides a greater margin, but at the expense of an increase in the
turn-off time (torr). So, let's use a 10-kQ resistor here.

(3) In the case of the TLP2301

Ic(miny: Here, let's use the TLP2301 of rank GB. The minimum current transfer ratio of rank GB
is specified as 100% at Ir = 1 mA and Ve = 5 V. Thus, I¢min is calculated as 1 mA x 100% = 1
mA.

D:: The decrease in I due to aging greatly depends on the degradation of the LED light output.
Figure 2.13 shows an example of the light output degradation of the LED incorporated in the
TLP2301. Suppose that the service life required for the TLP2301 is 44,000 hours (i.e., 50% of
an expected service life of 10 years or roughly 88,000 hours, assuming that the LED is active
50% of the time), and its light output is calculated as 90%. Allowing some design margin, let's
assume that CTR will decrease by 15% and substitute 0.85 for D..

Dir: The rate of change in I at the Ir setpoint corresponding to the data sheet-specified
conditions can be calculated from the Ic-If curves of the TLP2301. Here, we have assumed that
Ir=1 mA; hence, D = 1. When Ir = 3 mA, from Figure 2.16, we get Ic= 1.8 mA at I = 1 mA
and Ic = 6.2 mA at Ir = 3 mA. Hence, D is calculated as 6.2 mA / 1.8 mA = 3.4.
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Figure 2.17 I - Ta characteristics on
TLP2301 excerpted from data sheet

Figure 2.16 I¢ - Ir characteristics on
TLP2301 excerpted from data sheet

Dvce: A rate of change in Ic under Vce sary (= 0.4 V) condition can be calculated from the Ic-Ie
curve shown in Figure 2.16. When I = 1 mA, Ic can be read as 1.8 mA at Vg =5V and 1.7 mA
at Ve = 0.4 V. The rate of change in Ic (Dyce) can be calculated as 1.7 mA / 1.8 mA = 0.95.

Dr: The rate of change in I¢ over the T, range can be calculated from the Ic-Ta curves shown
in Figure 2.17. Read the curve for Ir =1 mA. Since I is the lowest at 0°C, we get I = 1.8 mA
at Ta = 25°C and Ic = 1.6 mA at Ta = 0°C. Hence, the rate of change in I¢ (D+.) is calculated as
1.6 mA/ 1.8 mA = 0.88.

a: Here, let's assume a design margin of 20%. Hence, a = 0.8.

Hence, minlc can be calculated as follows:
mMinIc = I¢ (min) X Dt x Die x Dyce x Drax @
minlc = 1 MA x 0.9 x 1 x 0.95 x 0.88 x 0.8
minlc = 0.6 mA

Vee@max)—ViL
minl¢

\Y

Ry

5.25V-0.6V
0.6mA

R, >
R, > 7.8kQ

Increasing the R_ value provides a greater margin, but at the expense of an increase in the
propagation delay time (t,.4). So, let's use a 10-kQ resistor here.
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2.4 Estimating turn-on and turn-off times obtained with the selected pull-up
resistor (R.)
To achieve a signal transfer rate of 5 kbits/s, the bosma R 2 VeeTSV Ir
sum of the turn-on and turn-off times must satisfy o= Vour Vour gy NG Soon
the following equation: O_"3 ¢ t
T = ton + torr < 200 ps ton =ta +
torr =ts + tr
Switching times are affected by various factors, 100 L=16mA, Vec=SV,
including the current transfer ratio (CTR), load - ‘ A A A
resistance (R.), and the ambient temperature (Ta). ‘fAA
First of all, let's check the relationship between KF m . O
switching times and CTR. Figure 2.18 shows that
torr (= ts + tr) tends to increase with CTR. This is E t "
because photocouplers with a high CTR tend to °§’ 0 .
incorporate a phototransistor with a high hge. It is o
therefore advisable to use photocouplers with a low sg
CTR if your design has any switching time (%
constraints. Different photocouplers have different
switching times. For example, Figure 2.18 shows tﬂ“
that there is a roughly 10-ps difference in tor * Q“ *| o o
among photocouplers with a CTR of roughly 200%. 1 | | \ hd
It is necessary to take account of torr variations 0 100 200 300 400 500 600
among different photocouplers as well as the effects Current transfer ratio CTR (%)
of Ta, R, and other factors. Figure 2.18 Example for

switching time vs. CTR
(1) In the case of the TLP185

From the switching time-R_ curves shown in Figure 2.20, t,s can be read as roughly 75 ps
at R. = 4.7 kQ and Ir = 16 mA. The switching time-Ir curves of Figure 2.21 also show that:
tor = 70us at R = 4.7 kQ and Ir = 8 mA

Figure 2.19 gives the switching time-Ta curves of the TPL185(SE with a CTR of roughly
200%. It shows that the switching time increases by roughly 30% when the ambient
temperature (Ta) rises from 25°C to 70°C. Taking a temperature rise into account, T should
be considered to be T= 70 ps x 1.3 = 90 ps. In addition, CTR varies between 100% and 600%.
Assuming that there is a twofold variation in T over this CTR range, T becomes roughly 180
Ks at the maximum.

When creating an actual design, be sure to take these effects into consideration, referring to
a data sheet. Although the TLP185(SE satisfies the switching time requirement of 200 ps, it
is necessary to examine whether there is a sufficient margin.
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Figure 2.19 Switching time - Ta  characteristics Figure 2.20 Switching time - R, characteristics
on TLP185(SE excerpted from data sheet on TLP185(SE excerpted from data sheet
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Figure 2.21 Switching time - I characteristics
on TLP185(SE
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(2) In the case of the TLP183
From the switching time-R, curves shown in Figure 2.23, t, can be read as roughly 90 ps
at R. = 10 kQ and Ir = 1.6 mA. The switching time-Ir curves of Figure 2.24 also show that:
ter =90 psat R, = 10kQand Ir=1 mA

Figure 2.22 gives the switching time-Ta curves of the TPL183 with a CTR of roughly 200%.
It shows that the switching time increases by roughly 30% when the ambient temperature
(Ta) rises from 25°C to 70°C. Taking a temperature rise into account, T should be considered
to be T=90 ps x 1.3 = 120 ps. In addition, CTR varies between 100% and 600%. Assuming
that there is a twofold variation in T over this CTR range, T becomes roughly 240 pus at the
maximum.

When creating an actual design, be sure to take these effects into consideration, referring
to a data sheet. The above estimation indicates that the TLP183 is unlikely to satisfy the
switching time requirement of 200 us. Therefore, we need to take countermeasures to reduce
the switching time.
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Figure 2.22 Switching time - Ta  characteristics Figure 2.23 Switching time - R, characteristics
on TLP183 excerpted from data sheet on TLP183 excerpted from data sheet
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Figure 2.24 Switching time - I characteristics
on TLP183

The switching time can be reduced by reducing R, as indicated by the switching time-R_
curves of Figure 2.23. It is also necessary to search for conditions that satisfy the relationship
between R and If discussed in (1), “In the case of the TLP185,” of Section 2.3, “Setting the
value of the pull-up resistor (R.)”

There are two options to reduce the R, value:

1. Increasing the setting of Ir from 1 mA to 2 mA and thereby changing R, from 10 kQ to
4.7 kQ

2. Changing the CTR rank of the TLP183 (I = 0.5 mA, V= 5 V) from GB (100% to 600%)
to BL (200 to 600%) and thereby changing R, from 10 kQ to 4.7 kQ
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Then, we can assume that T = 50 ps x 1.3 = 65 ps. With a twofold variation in T over the

CTR range, T = 130 ps, which satisfies the switching time requirement of 200 ps.

(3) In the case of the TLP2301
The TLP2301 guarantees that its propagation delay is 30 ps at the maximum.

Table 2.2 TLP2301 tpy, toun specification (excerpted from data sheet*)

(Ta=25%C)
Characteristics Symbol| Note Test Condition Min Typ. Max Unit
Propagation delay time (H/L) thHL See figure 10.1 — 8 30 us
Vee =5V, Ie=1mA, R =10 kQ
Propagation delay time (L/H) toLk See figure 10.1 15 30 us
Vee =5V, lg=1mA, R =10kQ

* For test circuits, see the data sheets of respective photocouplers.

B 1w
T
t
= pLH
et
- ]
i‘ I "
=% 10 = —
tpHL
© pl
E
=
>
T
K. 1
=
Be)
=
o RL = 10 kQ
3 IF=1mA
o) -
e Vec=5V
o 01
60 40 20 0 20 40 60 80 100 120 140
Ambient temperature Tz (°C)

Figure 2.25 t,, ton - Ta  characteristics on TLP2301

Since the maximum propagation delay is specified at Ir = 1 mA, RL. = 10 kQand Vec =5V,
which are same as the selected values, we need to check its dependency on Ta under these

conditions. The propagation delay time of the TLP2301 is the longest at Ta = 70°C.

By reading the propagation delay time curves, we get t, 4 = 16 ps at Ta = 25°C and t, 4 = 20
ps at Ta = 70°C. Hence, D+, is calculated as 20 ps / 16 ps = 1.25.
By reading the propagation delay time curves, we also get tpy. = 8 ps at Ta = 25°C and tpn.
= 9 us at Ta = 70°C. Hence, D, is calculated as 9 us / 8 us = 1.13.

Hence:

T=30x125+30x1.13 =72 ps < 100 ps
Therefore, we can achieve a 5-kbps data transfer rate with a switching time of 200 ps, even
when the temperature characteristics are taken into consideration. Furthermore, because T <
100 ps, 10-kbps data transfer may be possible.
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2.5 Considerations for obtaining the best performance from low-Ir photocouplers

The TLP185 is a photocoupler with general-purpose performance. To ensure reliable transfer
of “on” and “off” signals, it is necessary to drive the TLP185 with an Ir of 10 to ten-plus
milliamperes. In contrast, the TLP183 and TLP2301 are designed to operate at a low Ir of 1
mA or so.

General-purpose transistor-output photocouplers usually have significant variations in
propagation delay times and thus provide no guarantee for maximum switching times in the
saturated state. It is therefore necessary to estimate switching times based on typical values,
taking the effects of a current transfer ratio, temperature, and a pull-up resistor value into
consideration. On the other hand, the TLP2301 is designed to provide faster propagation delay
times (especially transistor turn-off time) and less delay time variations, thereby guaranteeing
maximum propagation delay times. The TLP2301 guarantees a maximum propagation delay
time of 30 ps irrespective of the CTR rank, making it easier to adjust its delay times by means
of design because, unlike transistor-output photocouplers, it is unnecessary to take the effect
of a current transfer ratio on switching times into account.

Table 2.3(1) General use Tr coupler TLP185(SE propagation delay time(Ta=25%C) (excerpted
from data sheet*)

Characteristics Symbol| Note Test Condition Min Typ. Max Unit
Turn-on time ton See Fig. 10.1 — 0.5 —_
; Vee =5V, I =16 mA, S
Storage time t — 25 —
9 : R = 1.9k
Turn-off time tosr — L 40 —

Table 2.3(2) 20kbps IC coupler TLP2301 propagation delay time(Ta=25%C) (excerpted from
data sheet*)

Characteristics Symbol| Note Test Condition Min Typ. Max Unit

Propagation delay time (H/L) thHL See figure 10.1 — 8 30 us
Vee =5V, lg=1mA, R_=10kQ

Propagation delay time (L/H) toLH See figure 10.1 15 30 us
Vcc=5v, lg =1 mA, RL =10 kO

* For test circuits, see the data sheets of respective photocouplers.

However, in order to obtain the best performance from the low-Ir TLP183 and TLP2301,
appropriate forward current (I¢) and pull-up resistor (R.) values should be selected.

Table 2.4 summarizes the parameters discussed in the previous subsections.
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Table 2.4 Design information sumarry for example of interface circuit using Tr coupler

Type TLP185(SE TLP183 TLP2301
Ir=8mA IrF=1mA IrF=1mA Ir=2mA IrF=1mA
Setting R =4.7kQ R =10kQ R =4.7kQ R =4.7kQ R =10kQ
conditions CTR:rank GB | CTR:rank GB CTR:rank BL CTR:rank GB | CTR:rank GB
Response T=around T=around T=around T=around T=around
performance 180pus 240ps 130ps 130ps 75us

(rank GB : 100 to 600%. rank BL : 200 to 600%)

(1) In the example of the TLP183 discussed in Section 2.4,

T was calculated to be roughly 130 ps at Ir= 2 mA, R.= 4.7 kQ, and Vcc= 5V, i.e., the same
conditions for the R_ of the TLP185(SE. However, if the TLP183 is used under the same If
condition as for the TLP185(SE (= 8mA), T is estimated to be roughly 160 us from Figure 2.27.
This does not differ much from the performance of the TLP185(SE. Under this Ir condition, the
TLP183 does not exhibit its advantage.
Table 2.4 also indicates that, even at low Ig, the switching time of the TLP183 differs greatly
between the following two combinations. Therefore, careful consideration is necessary.

e Combination with Ir = 1 mA, RL.= 10 kQ, Vcc= 5V, CTR: GB rank

¢ Combination with Ir=1 mA, RL.= 4.7 kQ, Vcc = 5V, CTR: BL rank, or

Ir=2mA, RL=4.7kQ, Vcc= 5V, CTR: GB rank

(2) In the case of the TLP2301,

T (= torrtton) Was calculated to be roughly 75 psat Ir= 1 mA, Rp= 10 kQ, and Vec =5V
in Subsections 2.1 to 2.4. Now, let’'s see how the switching time changes if it is used under the
same conditions as for the TLP185(SE, i.e., at Ir = 8 mA, R. = 4.7 kQ, and Vcc = 5 V. This can
be considered from the following two viewpoints.
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on TLP2301
1000 1000
Vee =5V =
T:C: 25 °C ¥:Z 2559\;;
? tost ’J)“
= 1 = H R o Toxa 2 o R, =10k
% 4.7 kQ TH] 100 F————— R
GEJ ~ T GEJ - 4.7 kO 1
=] . 1.9 ke 7] £ - HHH
o \ o R, = 10kQ . 19k
-JE: R, =10k 47 kO £ :
O 10 — <
S = 1.9k S
2 i HH 2
n o 3
1 ' | 1
0.1 1 10 100 01 100
Input forward current |¢ (mA) Input forward current 1. (mA)
Figure 2.27 Switching time - I characteristics Figure 2.28 Switching time - Ir characteristics
on TLP185(SE on TLP183

1. R:10kQ& 4.7 kQ
Figures 2.26 to 2.28 indicate that the switching time of the TLP2301 does not exhibit as much
dependence on R, as those of the TLP185(SE and TLP183.

2. Im1mAS8mA
Figure 2.26 indicates that, in the case of the TLP2301, torr (toin) and ton (ton) become
increasingly asymmetrical as Ir increases. At a low I¢ of around 1 mA, torr (tpin) and ton (tonl)
are almost equal. Therefore, care should be taken as to the symmetry of turn-on and turn-off
times.
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(3) Figure 2.29 compares the switching waveforms of the TLP2301 and TLP185(SE. It indicates
that there is a difference in the Vg rise time when they turn off.

B

Ch1_100mv__ Ch2 2.00V__ _M40.04s A Chl % 56.0mv

Figure 2.29 Switching waveform comparison between TLP185 and TLP2301
Conditions :I.=1mA, R = 10kQ, Ta = 25°C. CTR TLP2301 = 250%, TLP185 = 100% @ I.= 1 mA

tpiH measuring point : Ir = 0.5 mA, Vo= 2V
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3. 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 Pb Rated power that can be dissipated in the LED
Input Power Dissipation
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 Ty 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

Creepage Distance

Shortest distance along the surface of insulation between the path
of

two conductive parts (input and output)

Clearance(Clearance Distance)

Shortest distance through air between the path of two conductive

parts (input and output)

Internal Isolation Thickness,

Insulation Thickness

Distance through insulation. Shortest thickness through internal
insulation between the path of two conductive parts (input and
output)
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(Transistor output)

Collector-Emitter Capacitance

Term Symbol Description
Collector Current Ic Rated current allowed to flow to collector
. Ic/IF _ . .
Current Transfer Ratio (CTR) Ratio of output current, I¢, to input current, Ir: Ic/IF x 100 (unit: %)
Collector Dark Current, Iceo ) )
Leakage current flowing between collector and emitter
Dark Current IpaARK
Leakage current flowing between collector and emitter when Low
OFF-state Collector Current Ic(off) ) ] ]
voltage is applied to input
Current Gain Factor hrg hgg for phototransistor
Photo-current generated by the specified input current, IF, in the
Base Photo-Current Ipg ]
phototransistor base block
Collector Power Dissipation Pc Rated power that can be dissipated in collector
. Time required for the output waveform to change from 100% (0%)
. ON . .
Turn-On Time ‘ to 10% (90%) when the input is turned off and back on under the
on specified conditions
¢ Time required for the output waveform to change from 0% (100%)
OFF
Turn-Off Time ; to 90% (10%) when the input is turned on and back off under the
ff . -,
© specified conditions
Time required for the output waveform to change from 0% (100%)
Storage Time ts to 10% (90%) when input is turned on and back off under the
specified conditions
Fall Time tr Time required for the output waveform to change from 90% to 10%
Rise Time tr Time required for the output waveform to change from 10% to 90%
Collector-Emitter Saturation Voltage between collector and emitter under the specified saturation
VCE(sat) .
Voltage conditions
Collector-Base Breakdown Voltage | V(gr)co |Breakdown voltage between collector and base when emitter is open
Collector-Emitter Breakdown Breakdown voltage between collector and emitter (when base is
V(BR)CEO
Voltage open)
Emitter-Base Breakdown Voltage V(BRr)EBO |Breakdown voltage between emitter and base when collector is open
Emitter-Collector Breakdown v Breakdown voltage between emitter and collector (when base is
BR)ECO
Voltage (BR) open)
Collector-Base Voltage VcBo Rated voltage that can be applied across collector and base
Collector-Emitter Voltage VcEo Rated voltage that can be applied across collector and emitter
Emitter-Base Voltage VEBO Rated voltage that can be applied across emitter and base
Emitter-Collector Voltage VECo Rated voltage which can be applied across emitter and collector
Capacitance (Collector to Emitter), ] ) ] )
Ccg Electrostatic capacitance between the collector and emitter pins
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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/

©2019 31 2019-05-17

Toshiba Electronic Devices & Storage Corporation



	1. Candidates of photocouplers to be used
	1.1 Types of low-IF transistor-output photocouplers

	2. Designing an interface circuit using a transistor-output photocoupler
	2.1 Setting the forward current (IF)
	2.2 Setting the value of the IF-limiting resistor (RIN)
	2.3 Setting the value of the pull-up resistor (RL)
	2.4 Estimating turn-on and turn-off times obtained with the selected pull-up resistor (RL)
	2.5 Considerations for obtaining the best performance from low-IF photocouplers

	3.  Terms
	(General terms)
	(Transistor output)
	RESTRICTIONS ON PRODUCT USE

