TOSHIBA

Photocoupler Application Notes

Basic Characteristics and
Application Circuit Design of
IC Couplers for Gate Drive of

Power Devices

Outline:

Of Toshiba’s photocoupler offerings, this application note focuses on IC-output photocouplers
(IC couplers) for the gate drive of power devices (gate-drive photocouplers). It discusses
different types of gate-drive photocouplers, key points for the selection of gate-drive
photocouplers, and their major electrical characteristics as well as how to calculate their power
losses.
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Motor control assumes a key role for many industrial electronic systems. Inverter and
servo motors are commonly used for industrial applications. In these applications, motor
control signals are transferred from a low-voltage system operating at a few volts to a
high-voltage system operating at a few hundred volts driving a motor, also are transferred
through the electronic circuit which is composed of power semiconductor devices that
directly drives a motor and is exposed to operating electrical potential changes exceeding
about 200 to 300 V. Photocouplers are often used to transfer electrical signals between the
low-voltage and the high-voltage systems. Typically, photocouplers consist of a light
emitting device optically coupled with a light detecting device via a transparent galvanic
insulator. They are used to transfer electrical signals between two circuits with different
ground potentials by means of light. As industrial applications become progressively smaller,
photocouplers are commonly used because they provide high isolation between input and
output, suppress induced electromotive force, and simplify noise blocking.

In response to these market requirements, Toshiba provides an extensive portfolio of
various high-speed photocouplers consisting of a light emitting diode (LED) and a light
detecting IC with short response times. Toshiba’s IC-output photocoupler offerings include
those specifically designed for the gate drive of power semiconductor devices. This
application note discusses different types of IC-output photocouplers for the gate drive of
power semiconductor devices (gate-drive photocouplers), key points for the selection of
gate-drive photocouplers, and their major electrical characteristics as well as how to
calculate their power losses.

1. Lineup and major characteristics of gate-drive photocouplers

1.1 Lineup of gate-drive photocouplers

Table 1.1 lists Toshiba’s major gate-drive photocouplers.

They are available with different peak output current, propagation delay time, operating
supply voltage, and packaging, allowing you to select the optimum ones according to the
gate capacitance, operating frequency, and gate voltage of the driven power devices as
well as the safety standards to be complied with and isolation distance.
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Table 1.1 Major gate-drive photocouplers

Creepage and clearance
. . 5 mm 8 mm 8 mm 8 mm
distances (Min.)
Isolation voltage 3750 Vrms 5000 Vrms 5000 Vrms 5000 Vrms
Peak output | Propagation | SO6 . SO6L ' SO16L ’ DIP8
current delay time ' -
6.0 A 500 ns TLP358H
TLP5754 (R-to-R)* TLP5214/
4.0A 150 ns TLP5214A
TLP5752 (R-to-R)*
Up to 150 ns
TLP5772 (R-to-R)*
2.5A Up to 200 ns TLP152 TLP5702 TLP352
TLP250H
500 ns
TLP350H
TLP5751 (R-to-R)*
1.0A Up to 150 ns
TLP5771 (R-to-R)*
Up to 200 ns TLP155E
0.6 A 500 ns TLP151A TLP5701 TLP351A
700 ns TLP351H

:Supply voltage: 10 to 30 V

* R-to-R (Rail-to-Rail):

Rail-to-Rail means the output signal swings close to supply voltage levels. Photocouplers
with a Rail-to-Rail output can drive the following power device gate at a higher voltage and
with lower power loss than those with a non-rail-to-rail output. Photocouplers with a rail-
to-rail output also incur lower internal power loss because of low internal resistance.

** OCP (Overcurrent protection):

Gate-drive photocouplers with overcurrent protection monitor the saturation voltage
between the collector and emitter (Vce) of the following power device via the DESAT pin to
detect overcurrent conditions and shut down their output in the event of overcurrent.
Normally, Vce is equal to the collector-emitter saturation voltage, Vcgsary (lower than
roughly 2 V), while an IGBT is on. However, an overcurrent condition brings the IGBT into
a non-saturated state, causing Ve to increase. Ve exceeding a rated voltage is a faulty
state. In the event of a faulty state, a gate-drive photocoupler slowly shuts down the Vour
output.

** AMC (active Miller clamp):

An active Miller clamp connects a gate of a driven power device (e.g., an IGBT) to Vg,
bypassing a gate resistor, when it is necessary to prevent an increase in gate-emitter
voltage caused by gate-emitter Miller capacitance of the driven power device.

Rev. 1.0 2019-06-01
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The TLP5214 and TLP5214A are smart gate-drive photocouplers (smart gate driver
couplers) incorporating IGBT non-saturation detection, active Miller clamp, FAULT signal
feedback, and other functions to protect an IGBT or a power MOSFET from destruction
caused by an excessive current from an inverter or other circuit as well as from a
malfunction due to noise.

For details of other features and functions of the TLP5214A, see its datasheet and
application note.

To download the datasheet for the TLP5214A —
https://toshiba.semicon-storage.com/us/product/opto/photocoupler/detail. TLP5214A.html
To download the application note for the TLP5214A —
https://toshiba.semicon-storage.com/us/design-support/document/application-note.htmi

Table 1.2 Differences between general-purpose gate-drive photocouplers and TLP5214A/TLP5214

General-purpose gate Smart gate driver coupler
driver coupler
Product name TLP352, TLP5701, etc. TLP5214, TLP5214A
Package / DIP8, SO6L, etc. S016L

internal circuit diagram

nomMno

oo oo

(i

*

| Pins 8 pin, 6 pin
IGBT gate directdrive V
UVLO function V

Vcg(sat) detection -
Active Miller clamp -
FAULT output -

The peak output current of a gate-drive photocoupler affects the gate charging and
discharging times of the following power device and thus its turn-on and turn-off times.
The turn-on and turn-off times of the power device should be optimally adjusted because
they affect its switching losses and heat dissipation and determine the dead time required
to prevent the cross conduction of high-side and low-side power devices in an inverter
circuit. Therefore, the peak output current is an important factor in selecting a gate-drive
photocoupler.

Figure 1.1 shows guidelines for combinations of Toshiba’s gate-drive photocouplers and
power IGBTSs for typical inverter applications.
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IGBT collector-emitter voltage Vceo(V)

1.2

lop: 0.6t0 1.0 A

lop: 2.5 A product

1200V

lop: 4.0 A product

lop: 6.0 A product

lop: 0.6t0 1.0 A
lop: 2.5 A product

650V
600 V

lop: 4.0 A product

I0P: 6.0 A product

100 200
IGBT collector current I-(A)

coupler+ Buffer

coupler+Buffer

300

Figure 1.1 Guidelines for combinations of gate-drive photocouplers and power IGBTs

Major electrical characteristics

This subsection describes peak output current (Iop), parameters related to propagation
delays (propagation delay times (tpHL and tpiH), pulse width distortion (|tpHL - tpLHl), and
propagation delay skew (tpsk)), supply voltage (Vcc), undervoltage lockout (UVLO), and

threshold input current (IfLH).

1.2.1

Peak output current (Iop)

Peak output current is defined as the maximum permissible output current from a gate-
drive photocoupler when it charges and discharges the gate capacitance of a power device.
Figure 1.2 shows the peak high-level output current (Iopy) and peak low-level output
current (Iop.) of the TLP5751, which are £1 A in the ambient temperature (T3) range from

-40 to 110°C.
Charactenstics Symbal Note Rating Unit
Detector | Peak high-level output current (Ty=-401to 110 °C) lopn (Note 2) -1.0 A
Peak low-level output current (Ta=-40t0 110 °C) lopL (Note 2) +1.0
Note 2: Exponential waveform. Pulse width < 2 nus, < 15 kHz
Figure 1.2 Electrical characteristics of the TLP5751 gate-drive photocoupler
(excerpt from the datasheet)
6 Rev. 1.0 2019-06-01
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The peak output currents (Iopy and IppL) can be roughly calculated as follows:

I _ Vee + |VEE]
OPH ™ Ropu+ Rg+ g

I Veet IVEE|
OPL =

Where:
Vcc: Output positive supply voltage Vgg: Output negative supply voltage (Veg < 0)
Rg: External gate resistor value rg: Internal gate resistor value of a power device
Ron,H: Photocoupler output resistance (high side)
Ron,L: Photocoupler output resistance (low side)

The on-resistances of the MOSFETs at the output stage of the gate-drive photocoupler
(Ron,H and Ron,L) can be estimated as follows:
First, suppose that Ron,H and Ron,L are 0 Q to calculate the maximum peak output current
(Iopworst):
Vee + [ Veel

R, + 1,
Next, calculate Ron,H and Ron,L from the (Von - Vcc) - TopH and VoL - IopL curves in the
datasheet.

I OP,worst —

R _ WoH =Vco)@Iopworst
onH — I
OP,worst
R __ VoL®@Iopworst
on,L — I
OP,worst

At this time, read the curve for an ambient temperature (T3) higher than the temperature
at which the gate-drive photocoupler application will be used.

Substitute the Ron,H and Ron,L values into the Iopy and IopL equations to calculate peak
output currents.

(1) Example of calculating peak output currents (Iop)

Figure 1.3 shows a model for calculating the peak output currents of the TLP5751. Let's
calculate its peak output currents (Iopy and IppL) based on the following circuit conditions
and parameters:

Calculation conditions: Vcc= 15V, Vg =0V, Cg = 10 nF / 20 nF, Rg = 15 Q,
rg=OQ,Ta=85°C
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Vee

|

1 ¥ [——
Ron. loL Re e N
—H 7 - 1T

— SHIELD GND

Figure 1.3 Model for calculating the peak output currents of the
TLP5751: Vec =15V, Rg=15Q

1. Calculate Iopworst.

I _ Veet |VEE]
OP,worst —
Rg+ Tg

15(V)+|0(V)|
15(Q)+0(Q)
=1 (A)

2. Estimate Ron,H and Ron,L based on Iopworst.

0 10 r—r———————r——r—rr
Voo =15Y —
a Rl :m - J::'f > | VoLisread as 1.2 V when |
& i . | |
= 5 — - ,/"" 2 Iop,worst = 1 A. Hence,
o To%-A40C —— ,/"'F"’ = RonL=12V/1A=12Q | 1
e 7 : : '
T = | m - ; [
= - - L= 110 [ | #
g, 4 ‘\\~ : /R}\"“K E 6 /é 'y | ..I |
ERPY 717 St g ARl {
g - L N A LY | = - 37 ;
2 5 | (x' PN 2, L= ‘Fx 1 f/ /1
— g | [ 5 | |
g = 5 | b ! Ti= a.1c.ﬂ-\; (=] 3 ‘\.‘"“’ ‘f prd ‘F\-'\x
a . o { !
T | Von-Vecis read as -1.75 V when E 5 / L Tl 1 T,=-40C
2 | Iopworst = -1 A. Hence, Ron i = P P> Gl
-1.75V/-1A=175Q [ = /-"
a0 = ) - s I I | o
& -1 -3 -2 -1 0 & 1 7 3 4 5
Feak high-level output current lapy (A) Peak low-level output current |np (A}

Figure 1.4 Calculating the Ron,4 and Ron,L values of the TLP5751 gate-drive photocoupler
(using (VoH - Vcc) - TopH and VoL - IopL curves)

3. Calculate Ippy and IopL.

Veet IVEE|

1 =
OPH ™ Ronu+Rg+7g

15(V)+[0(V)|
1.75(Q)+15(Q)+0(Q)

= 0.9 (A)
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Vee + [Vigl
Ront + Ry + 14

15(V)+[0(V)|
12(0)+15(Q+0(Q)

IOPL -

=0.93A

This confirms that our application example works properly because the peak output
currents (Iopq and IppL) of the TLP5751 are £1 A in the ambient temperature (T3) range

from -40 to 110 °C.

The Iopy and IppL values of an actual circuit tend to be lower than the results of these
calculations because of the circuit inductance, the gate capacitance of a power device, and
other factors. Figure 1.5 shows the test circuit for the measurement of peak output currents
of the TLP5751, and Figure 1.6 shows the measured output current waveforms. Perform
an on-board evaluation to know peak output current characteristics in detail.

The peak output currents of a gate-drive photocoupler affect the gate charging and
discharging times of the following power device, which determine its turn-on and turn-off

times.

e 1pF

T

16

X

SHIELD

Figure

.

1.5 Test circuit for the peak output currents of the TLP5751

]
/\é\g/\r®l . Vee
!

| rem——

s

\— loPH: 400mA

NG

Vce=15V, I[g=5mA

K > loPH: 440mA

] T —

[1

Vcc=15V, Ir=5mA

Rg=3OQ, Cg=10nF Rg=3OQ, Cg=20nF

y axis upper Ir:10mA/div,
X axis time 400ns/div

Vee=
Rg=15Q, Cg=10nF

middle Vo:10V/div,

NP SRS

IOPH: 680MA +ed

loPH: 720mA

N
\

Nk \\“_

Vce=15V, Ir=5mA
Rg=15Q, Cg=20nF

15V, Ip=5mA

lower Iop:200mA/div

Figure 1.6 Measured peak output current (Ipp) waveforms of the TLP5751
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1.2.2  Propagation delay times (tpHL and tpLH), pulse width distortion (|tpHL - toLHl),
propagation delay skew (tpsk)

(1) Propagation delay times (t . and tpn)
Propagation delay times are defined as the time required from when the LED in a gate-
drive photocoupler turns on or off to when Vg reaches 50% of Vop.

IF =10 mA (P.G)
(f =25 kHz, duty = 50 %, t; = ty = 5 ns or less)
1 6
L r o]
wlVo
2T Q Cg=25nF
[ 1 Vee
3 T o
; o o Sva
Figure 1.7 Example of a test circuit Figure 1.8 Example of the measurement points
for propagation delay times of propagation delay times

(2) Pulse width distortion (|tpHL - tpLHl)
Pulse width distortion is defined as the absolute value of the difference between low-to-
high and high-to-low propagation delay times (tpHL and tpLH).

(3) Propagation delay skew (tpsk)

Propagation delay skew is defined as a difference between the minimum and maximum
propagation delay times (tpyL or tpLH) among multiple instances of a gate-drive
photocoupler. The propagation delay times of multiple instances of a gate-drive
photocoupler are measured under the same conditions (e.g., supply voltage, input current,
and temperature) to determine tpsk.

I
Instance A

Vo > - \
Instance B e Epsk 1’\_

Vo

Instance C

Vo

i/
B/

Figure 1.9 Measurement points of propagation delay skew

An inverter circuit is composed of multiple gate drivers in the upper and lower arms.
When considering a short-circuit between the upper and lower arms, it is necessary to take
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account of not only the propagation delay times and the variations of individual gate drivers
but also differences in the propagation delay time among multiple gate drivers. The
propagation delay skew parameter is used for this verification.

The propagation delay times shown in the datasheet of a gate-drive photocoupler are
the results of measurement under prescribed conditions. Therefore, the propagation delay
times of a gate-drive photocoupler driving a power device differ from the datasheet values.
Be sure to measure propagation delay times in an actual application to determine dead-
time and other requirements.

Figure 1.10 shows the tpHL, tpLH, |tpHL - tpLHl, @and tpsk characteristics of the TLP5751.
(Ta =-40to 110 °C)

Characteristics Symbol Note C—li—r?:itit Test Condition Min Typ. Max Unit
Propagation delay time toLk (Note 1) Fig. le=0—=10mA, Ve =20V, 50 — 150 ns
(L/H) 1317 |Rg=100, Cy=25nF
Propagation delay time toHL le=10—=0mA, Ve =230V, 50 — 150
(H/L) Rg=100,Cqg=25nF
Pulse width distortion [tar-toLnl | (Note 1) IE=0+«—=10mA, Ve =20V, — — 50
Propagation delay skew thsk (Note 1), Rg =100, Cg=25nF -80 — 80
(device to device) (Note 2)

Note 1: Input signal (f = 25 kHz, duty = 50 %, t; = tf= 5 ns or less).
CL is approximately 15 pF which includes probe and stray wiring capacitance.

Figure 1.10 Electrical characteristics of the TLP5751 gate-drive photocoupler
(excerpt from the datasheet)

1.2.3  Supply voltage (Vcc)
Supply voltage (Vcc) is defined as a voltage that can be applied across Vcc and GND.
Figure 1.11 shows the V¢ characteristics of the TLP5751.
(Ta= —40to 110 °C)

Characteristics Symboaol Note CTili:sJit Test Condition Min Typ. Max Unit

Supply voltage Vee —_ 15 — 30 Vv
Figure 1.11 Electrical characteristics of the TLP5751 gate-drive photocoupler

(excerpt from the datasheet)

If the supply voltage is lower than the lower Vcc limit shown in the Recommended
Operating Conditions table, undervoltage lockout (UVLO) is tripped to shut down the output
of a gate-drive photocoupler. If the supply voltage exceeds the upper Vcc limit, the device
might be permanently damaged. Be sure to maintain the supply voltage in the specified
range.

A voltage close or equal to Vcc appears at the Vo output of a gate-drive photocoupler,
which becomes the gate voltage of a power device.

When the Vo output is off, the supply voltage can be set to a negative value in order to
prevent a false turn-on of a power device. In that case, the sum of the positive and negative
supply voltages must not exceed the rated supply voltage (Vcc).

©2019 11 Rev. 1.0 2019-06-01
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To drive a power device with a low gate-source voltage (Vgss), the supply voltage of the
gate-drive photocoupler must be set to a low value accordingly. In such cases, select a
low-Vcc (10 to 30 V) gate-drive photocoupler with a low UVLO threshold voltage (described
in the next subsection).

1.2.4  Undervoltage lockout (UVLO)

At power-on, UVLO disables the Vq output of a gate-drive photocoupler via the internal
circuit on the output side until its supply voltage reaches the ULVO recovery voltage
(VuvLo+)- ULVO prevents a malfunction while the input voltage is rising.

When the supply voltage drops below the ULVO threshold voltage (VuyviLo-) during
operation, ULVO is also tripped to prevent under-driven conditions of a power device. UVLO
is disabled when the supply voltage rises back above the ULVO recovery voltage (VyvLo+)-

Note that the gate-drive photocoupler does not function if its supply voltage is set lower
than VyvLo-.

Figure 1.12 shows the UVLO characteristics of the TLP5751.

(Ta = —40 to 110 °C)

Characteristics Symbol Note CTi::SJit Test Condition Min Typ. Max Unit
UVLO threshold voltage Vuvios lF=5mA Vg=>25V 121 12.7 135 4
VuvLo- le=5mA Vo<25V 11.1 M7 124

Figure 1.12 Electrical characteristics of the TLP5751 gate-drive photocoupler

(excerpt from the datasheet)

Please note that if a gate-drive photocoupler is driven by positive and negative power
supply, it is necessary to consider that the UVLO threshold is offset by the negateive voltage.

1.2.5 Threshold input current (If_H)

Gate-drive photocouplers with an amplifier circuit logically toggle its output when the
input current (Ir) exceeds a certain value. This value is called the threshold input current
and denoted by the symbol If y. The characters “LH” in Iy indicate the direction of a
change in voltage that occurs in response to an LED input current. Because the output of
the gate-drive photocoupler makes a low-to-high transition in response to an LED input
current, its threshold input current is denoted by I H. For most gate-drive photocouplers,
the threshold input current is guaranteed over the operating ambient temperature range
(Ta3) from -40 to 110°C, as is the case with the TLP5751.

Figure 1.13 shows the threshold input current characteristics of the TLP5751.

(Ta = —40 to 110 °C)

Characteristics Symbol Note CTi::SJi t Test Condition Min Typ. Max Unit

Threshold input current (L/H) leLn Vee =15V, Vg=1V — 1.4 4 mA

Figure 1.13 Electrical characteristics of the TLP5751 gate-drive photocoupler
(excerpt from the datasheet)
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In the case of the TLP5751, the maximum Iy value is specified as 4 mA. Although If H
varies from one device to another and with temperature, this means If 4 never exceeds 4
mA at the maximum. So, setting Ir must be at least 4 mA for applications.

2. Examples of an application circuit for a gate-drive photocoupler and power
loss calculation

Gate-drive photocouplers are commonly used to drive power devices in an inverter circuit
for motor drive applications while providing electrical insulation. Because gate-drive
photocouplers precede power devices, they are often located in a high-temperature
environment. In addition, gate-drive photocouplers require lots of power to drive the gates
of power devices. It is therefore essential to calculate the power losses of gate-drive
photocouplers to determine whether they are suitable for a given application. This section
describes how to calculate the power losses of gate-drive photocouplers using an example.

2.1 Example of an application circuit for IGBT/MOSFET gate-drive photocouplers

—H I:IJKEI
M)
|_T_|Jt: —H DJE% Motor

IGBT

Gate drive circuit

Figure 2.1(a) Example of an inverter circuit using gate-drive photocouplers

o
5V O——A—L] :ﬁéﬁ
5600 — 240

—|K GT30J341

O—DO—I_E TLP5751 —i
TC7SZ14

Figure 2.1(b) Example of component values in the gate drive circuit using the TLP5751

The following paragraphs describe the reasons why the component values shown in Figure
2.1(b) were selected.
Input forward current (IF): = 6 mA. The maximum threshold input current of the TLP5751
is 4 mA. The input forward current of 6 mA includes a margin to allow for LED degradation
due to aging.
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Vee: 16 V. Based on the collector-emitter saturation voltage specification of the GT30]341

VEE: -6 V. Selected so that the sum of Vcc and Veg does not exceed the rated gate-emitter
voltage of the IGBT

Gate resistor (Rg): 24 Q. The resistor value given as a test condition for the switching time
of the GT30J341 was selected so that (Vcc + [Veel) / Rg will not exceed the Ipp of the
TLP5751.

2.2 Calculating the power losses of a gate-drive photocoupler

This subsection describes how to calculate the power losses of a gate-drive photocoupler.

To charge and discharge the gate capacitance of an IGBT or other power device in a
short period of time, the output of a gate-drive photocoupler needs to sink and source a
large current rapidly. It is therefore necessary to take the switching losses and heat
dissipation of the photocoupler into consideration. The switching losses are determined by
the operating frequency and drive voltage of the photocoupler as well as the gate
capacitance and resistance of the power device. When designing neighboring circuits, care
should be exercised to ensure that the permissible power dissipation values of the LED and
photodetector chips in the gate-drive photocoupler will not be exceeded.

The following table defines the symbols used in this subsection.

Symbol Characteristics Symbol Characteristics
Pin Power dissipated in the input Po Power dissipated in the output
LED
Duty Duty ratio of the photocoupler
operation
If LED forward current VE LED forward voltage
Po(bias) DC power dissipated when the
output is in DC operation
Po(bias:on) DC power dissipated in the Po(bias: off) DC power dissipated in the
output when the LED is active output when the LED is off
Po(swg) Power dissipated in the output
when a following power device
is switching
Po(swg:H) Power dissipated in the output Po(swg:L) Power dissipated in the output
when a following power device when a following power device
switches to on switches to off
IccH High-level supply current IccL Low-level supply current
Esw Electrostatic energy in the
gate of a following power
device charged and discharged
per switching transition
fsw Switching frequency
Rg External gate resistor value g Internal gate resistance of a
power device
©2019 14 Rev. 1.0 2019-06-01
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Ron,H Output resistance of a Ron,L Output resistance of a
photocoupler (high side) photocoupler (low side)

Qg Amount of gate charge of a
power device

IoPworst Maximum peak output current

T;,LeD Junction temperature of the Tj,Photo Junction temperature of the
LED chip photodetector chip

Rth(j-a),LED Thermal resistance of the LED Rth(j-a),Photo Thermal resistance of the
chip photodetector chip

2.2.1  Calculating power losses

(1) Input power dissipation: Pjp
Py, = Duty X Ip X Vg

(2) Output power dissipation: Po

Py = PO(bias) + PO(swg)

The following shows how to calculate Po(bias) and Po(swg)-
1. Power supply dissipation: Po(bias)
Pobias) = Powias:on) T Powias:orf)
= Duty X Igcy X (Vee + [Vggl) + (1 = Duty) X I, X (Voo + |Veel)

2. Switching loss: Po(swg)
Esw, i.e., the amount of energy charged into or discharged from the gate capacitance
of a power device per switching transition is calculated as follows:

1 1
E,, = E><Cg>< V? = > X Qg X (Ve + Veel)

Esw is dissipated fsw times per second by Ron,H and Ron,L connected in series as well
as Rg, and rg. Of the sum of the power dissipated by these devices, the switching
loss, Po(swg), of the gate-drive photocoupler can be calculated as follows:

Ron H RonL
P = Eqy X — + ‘ X
0(swg) N4 Rg+Ronp = Rg+ RonL fsw

1 Ron, Ron,
:EXQgX(VCC-I_lVEEDX( 24 : )stw

Rg+ Ron,H Rg+ Ron,L
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Here, the gate charge (Qq) of the power device is determined as follows:
Read the Qq values of the power device at Vcc and Vee and calculate their sum.

Qg = Qg(+)*+Qqg(-)

Vae (V) 1
Ve

Qqg(-)

| Vee

Figure 2.2 Example of the Vg - Qq curve of a power device following
the gate-drive photocoupler
2.2.2  Calculation example

Let's calculate the power loss of the gate-drive photocoupler based on the circuit
conditions and parameters shown in the gate drive circuit of Figure 2.1(b).
Calculation conditions:

Vcc=16V, VEe = -6V,

IccH = 3 mA, IccL = 3 mA (maximum rated value of the TLP5751),

Qg = 150 nC, Rg = 24 Q, rg = 0 Q, Duty ratio = 0.5, fsw = 15 kHz, T = 85 °C

Ir=6 mA, VF= 1.4V (voltage read from the TLP5751 Ir - VF curve at T3 = 110 °C and
Ir = 6 MA)

(1) Input power dissipation: Pjn
P,, = Duty X Ip X Vg
= 0.5 x 6(md) x 14(V) = 4.2 (mW)

This confirms that the gate drive circuit shown in Figure 2.1(b) is satisfactory because the
input power dissipation (Pp) of the TLP5751 is rated at 400 mW at a Ta of 85 °C.

(2) Output power dissipation: Pq
Py = Powiasy T Pocswy)
1. Power supply dissipation: Pgpias)

Powias)y = Poias:ony T Poiasofs)
= Duty X Iccy X (Voo + |Vggl)
+ (1= Duty) X Iger, X (Vee + Viel)
= 0.5 x 3(mA) x 22(V) + (1 — 0.5) x 3(mA) x 22(V)
= 66 (mW)
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2. Switching loss: Po(swg)
Estimate the on-resistance of the gate-drive photocoupler output stage based on
the maximum peak output current.
First, calculate the maximum peak output current, Iopworst:

lopworst = Yec* IVeg|

’ Rg +71g
__16(V)+[- 6(V)|
T 2440

~0.92 (4)

To obtain (VoH - Vcc)@Iop,worst and VoL@Iop,worst, read the (Von - Vece) - TopH
and VoL - IopL curves shown in Figure 2.3 at 0.92 A. They are read as -1.6 V
and 1.0V, respectively.

Hence, on-resistance of the gate driver photocoupler output stage (Ron,4 and
Ron,L) are calculated as follows:

_ Wou —Vce)@lopworst

RonH -
! lopworst
_ —16(V)
—0.92(A)
~1.7 (Q)
__VoL®@Igpworst
RonL -
! lopworst
_1.0(V)
0.92(A)
~ 1.1 (Q)
s 1 —_—
¢ Voo = 15 Y )',;' — Example: When Iop worst = 0.92A,
2 T l=5ma o i = 8 VgL isread as 1 V. Hence, ]
O S — d 8 Roni=1V/092A=11Q L
@ T,=N0C — /-’ = . . L ]
== 7S . N 2 =) |||
£, ™~ /"‘}\ g L= 10T Y 1l
> i"-'.: | N T _U - | f - |
5 _'_"_bl:-l - T \ / ,-f = 5 /6 \'\‘_‘ g /1 |
e - = V. *, 3 T. =25 LT
. - = dl
§ L g £ IA ri ‘\.‘h _%. 4 ._\\x !Jj“//‘“\
% Example: When Iop worst = -0.92A, = 3 Ly o - P e
= VoH - Vcc is read as -1.6 V. a 2 / ’." ~~“2 0 T,=-40"G
| Hence, 4 f
Tl Ronn=-1.6V/-092A=1.7Q 5
=1 L]

5 - -3 .2 A i I 1 7 3 4 5
Peak high-level autput current oy (A) Peak |low-level output current o (A}
(@) TLP5751 (VoH - Vce) - IopH (b) TLP5751 VoL - IopL

Figure 2.3 Estimating the Ron,H and Ron,L Values of the gate-drive photocoupler
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Next, substitute the Ron,1 and Ron,L values into the following equation:

Ron H RonL
P =FE,, X — + ' X
o(swg) sw Rg+RonH Rg+RonL fsw

1 Ron, Ron,
= 1% Qy X (Ve + Ve X (Rt g Lomd ) £,

2 Rg+Ron,H Rg+R0n,L

= 1% 150(nC) x 22(V) x ( ) | 11(9) ) x 15(kHz)
2 24(Q)+17(Q)  24(Q)+11(Q)

= 2.7 (mW)

Hence, the output power dissipation is:
Po = Poias) T Poswy)
=66 (mW) + 2.7 (mW) = 68.7 (mW)

This confirms that the gate drive circuit shown in Figure 2.1(b) is satisfactory because the
output power dissipation (Pg) of the TLP5751 is rated at 450 mW at a T of up to 85 °C.
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3. Terms

(General terms)

Term Symbol Description
Absolute Maximum Ratings (l\j/ljr)i(;ngqli)n;e::tligi that must not be exceeded even for an instant
Isolation Voltage BVs iionlgittl%gnsvoltage between input and output under the specified
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 of the
Input Capacitance G LED
Forward Current, I Rated current that can flow continuously in the forward direction of
Input Forward Current F the LED
Pulse Forward Current, Iep Rated current that can flow momentarily in the forward direction of
Input Forward Current (Pulsed) the LED
Transient Forward Current, I Rated current that can flow momentarily in the forward direction of
Peak Transient Forward Current A the LED
Reverse Voltage, A Rated reverse voltage that can be applied across the LED’s cathode
Input Reverse Voltage and anode
Reverse Current, I Leakage current flowing in the reverse direction of the LED (from
Input Reverse Current R cathode to anode)
Forward Voltage, Y Voltage drop across the anode and cathode pins of the LED under
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
Total Power Dissipation Pr '(Ij'gf/aiwégited power that can be dissipated in both the input and output
Isolation Resistance Rs \Ijglst;sgtjaence between the input and output pins at the specified
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 functignality ? P
) Rated temperature at which the device pins can be soldered without
Lead Soldering Temperature Tsol loss of fungtionality P
Ambient temperature range in which the device can be stored
Storage Temperature Tstg without opera?ion 9
B Shortest distance along the surface of insulation between the path
Creepage Distance of two conductive parts (input and output)
Clearance (Clearance Distance) ﬁQStrste(iSrEpdultStaagdceolﬁ?ggltJ)gh air between the path of two conductive
: : Distance through insulation. Shortest thickness through internal
Internal Isolation Thickness, . ; ) 3
Insulation Thickness gwljstl;lagon between the path of two conductive parts (input and
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(Transistor output)

Term Symbol Description
Collector Current Ic Rated current allowed to flow to collector
. Ic/IF _ . .
Current Transfer Ratio (CTR) Ratio of output current, Ic, to input current, Ir: Ic/If x 100 (unit: %)
Collector Dark Current Iceo : :
! Leakage current flowing between collector and emitter
Dark Current I
DARK
3 Leakage current flowing between collector and emitter when Low
Off-State Collector Current Ic(off) voltage is applied to input
Current Gain Factor hre hee for phototransistor
B Photo-current generated by the specified input current, If, in the
Base Photo-Current Ies phototransistor base block
Collector Power Dissipation Pc Rated power that can be dissipated in collector
ton Time required for the output waveform to change from 100% (0%)
Turn-On Time to 10% (90%) when the input is turned off and back on under the
ton specified conditions
toFF Time required for the output waveform to change from 0% (100%)
Turn-Off time to 90% (10%) when the input is turned on and back off under the
toff 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%

Voltage between collector and emitter under the specified saturation

Collector-Emitter Saturation Voltage | VcE (sat) conditions

Collector-Base Breakdown Voltage V(BRrR)CBO |Breakdown voltage between collector and base when emitter is open

Collector-Emitter Breakdown Vv Breakdown voltage between collector and emitter (when base is
(BR)CEO | gpen)
Voltage p
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 | open)
Voltage P
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 VECoO Rated voltage which can be applied across emitter and collector
Capacitance (Collector to Emitter), ] ) ] )
) ) Ccg Electrostatic capacitance between the collector and emitter pins
Collector-Emitter Capacitance
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(IC output)

Term Symbol Description

Common-Mode Transient Immunity M Maximum tolerable rate of rise (fall) of input/output common-
at Output High H mode voltage at which the specified High level can be maintained

Common-Mode Transient Immunity M Maximum tolerable rate of rise (fall) of input/output common-
at Output Low L mode voltage at which the specified Low level can be maintained

: Icen Current supply to the circuit that flows to power supply pins when
High-Level Supply Current ToDH the output is at the High level
IccL Current supply to the circuit that flows to power supply pins when
Low-Level Supply Current TobL the output is at the Low level
Minimum input current, I, necessary to change the output from
Threshold Input Current Ien (TrLH) High (Low) Eo Low (High)F(*l) Y 9 P
Input Current Hysteresis IHys Difference between Iy and Iy for a given device

Maximum input voltage, Vg, necessary to hold the initial output
Threshold Input Voltage VeLH (VFHL) | High (Low), or to return the output from Low (High) to High (Low)
after the initial output changes from High (Low) to Low (High)

Ratio of output current, Ip, to input current, Ig: Ig/Ig x 100

Current Transfer Ratio Io/IF (unit: %)

High-Level Output Current IoH Output current under the specified High-level output voltage

Peak High-Level Output Current TopPH Peak output current under the specified High-level output voltage

Low-Level Output Current IoL Output current under the specified Low-level output voltage

Peak Low-Level Output Current IopL Peak output current under the specified Low-level output voltage

High-Level Short-Circuit  Output I Output current under the specified High-level output and short-

Current OsH circuit conditions

Low-Level  Short-Circuit  Output I Output current under the specified Low-level output and short-

Current osL circuit conditions

High-Level Output Voltage Von Outp_u_t voltage under the specified High-level output current
condition

Low-Level Output Voltage VoL Outp_u_t voltage under the specified Low-level output current
condition

Output Power Dissipation Po Rated power that can be dissipated in the output stage

Time required from when the input changes from the OFF (ON)
Propagation Delay Time (H — L) tpHL state to the ON (OFF) state to when the output waveform changes
from the High level to specified Low level

Time required from when the input changes from the ON (OFF)
Propagation Delay Time (L — H) tpLH state to the OFF (ON) state to when the output waveform changes
from the Low level to the specified High level

Output Current Io Rated current that can flow to output pins
Peak Output Current Iop Rated peak current that can be applied between output pins
Vce _ .
Supply Voltage v Rated voltage that can be applied to power supply pins
DD
Output Voltage Vo Rated voltage that can be applied to output pins
Threshold voltage at which the undervoltage lockout (UVLO)
UVLO Threshold Voltage VuvLo function is tripped
Three-State Enable Voltage VE Rated voltage that can be applied to the enable pin
High-Level Enable Voltage VEH Voltage at which the enable pin functions as the High level
Low-Level Enable Voltage VEL Voltage at which the enable pin functions as the Low level

(*1) If greater than the maximum Iry. (I ) is required to ensure that the IC output photocouplers from High

(Low) to Low (High)
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