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ACPL-K33T

Automotive 2.5A Peak High-Output Current SiC
MOSFET and IGBT Gate Drive Optocoupler with
Rail-to-Rail Output Voltage in Stretched SO-8

Description Features

The Broadcom® 2.5-Amp Automotive R2Coupler™ Gate = Qualified to AEC-Q100 Grade 1 test guidelines
Drive Optocoupler contains an AlGaAs LED that is optically m Automotive temperature range: —40°C to +125°C
coupled to an integrated circuit with a power output stage. = Peak output current: 2.0A minimum

The ACPL-K33T features a fast propagation delay and tight = Rail-to-rail output voltage

timing skew and is ideally designed for driving SiC = Propagation delay: 120 ns maximum

MOSFETs and IGBTs used in AC-DC and DC-DC = Dead time distortion: +50 ns/—40 ns

converters. The high operating voltage range of the output
stage provides the drive voltages required by gate-
controlled devices. The voltage and high peak output
current supplied by this optocoupler make it ideally suited
for direct-driving SiC MOSFETs and IGBTs at high
frequency for high-efficiency conversion.

LED input threshold current hysteresis

m  Common mode rejection (CMR): 50 kV/us minimum
at Vg = 1500V

= Low supply current allows a bootstrap half-bridge
topology: ICC = 4.2 mA maximum

= Under-voltage lockout (UVLO) protection with

Broadcom R2Coupler isolation products provide reinforced hysteresis for SiC MOSFETs and IGBTs

insulation and reliability that deliver safe signal isolationthat ~ ® Wide operating V¢ range: 15V to 30V

is critical in automotive and high-temperature industrial Safety approvals:

applications. — UL recognized 5000 Vgys for 1 minute

— CSA

— |IEC/EN/DIN EN 60747-5-5 Viorm = 1140 Vpeax

Applications

Hybrid power train DC/DC converters
EV/PHEV chargers

Automotive isolated IGBT gate drives
AC and brushless DC motor drives

CAUTION! Take normal static precautions in the handling and assembly of this component to prevent damage and
degradation that might be induced by electrostatic discharge (ESD). The component featured in this data sheet
is not recommended to be used in military or aerospace applications or environments.
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ACPL-K33T Data Sheet

Automotive 2.5A Peak High-Output Current SiC MOSFET and IGBT Gate Drive Optocoupler
with Rail-to-Rail Output Voltage in Stretched SO-8

Functional Diagram

Figure 1: ACPL-K33T Functional Diagram
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NOTE: A minimum 1-yF bypass capacitor must be connected between pins V¢ and Vgg.

Truth Table

LED Vee — VEe Vout
OFF oV - 30V LOW
ON <VuvLo. LOW
ON > Vivios HIGH

Ordering Information

Option (RoHS Surface | Tape and | UL 5000-Vrys/ | IEC/EN/DIN EN
Part Number Compliant) Package Mount Reel 1-Minute Rating 60747-5-5 Quantity
-000E X X 80 per tube
-060E X X X 80 per tube
ACPL-K33T Stretched SO-8
-500E X X X 1000 per reel
-560E X X X X 1000 per reel

To form an order entry, choose a part number from the Part Number column and combine it with the desired option from the

Option column.

Example 1:

Use ACPL-K33T-560E to order the product with an SSO-8 surface-mount package in tape and reel packaging with
IEC/EN/DIN EN 60747-5-5 safety approval and RoHS compliance.

Option data sheets are available. Contact your Broadcom sales representative or authorized distributor for information.
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ACPL-K33T Data Sheet

Automotive 2.5A Peak High-Output Current SiC MOSFET and IGBT Gate Drive Optocoupler

with Rail-to-Rail Output Voltage in Stretched SO-8

Package Outline Drawings (Stretched SO-8)
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Recommended Pb-Free IR Profile

Dimensions in millimeters (inches).

Notes:
1. Lead coplanarity = 0.1 mm (0.004 inches).
2. Floating lead protrusion = 0.25 mm (10 mils) max.

Recommended reflow condition is as per JEDEC Standard, J-STD-020 (latest revision).

NOTE: Non-halide flux should be used.

Regulatory Information

The ACPL-K33T is approved by the following organizations.

UL

UL 1577, component recognition program up to V|go = 5 kVrus

CSA

CSA Component Acceptance Notice #5

IEC/EN/DIN EN 60747-5-5

IEC/EN/DIN EN 60747-5-5
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Automotive 2.5A Peak High-Output Current SiC MOSFET and IGBT Gate Drive Optocoupler
with Rail-to-Rail Output Voltage in Stretched SO-8

ACPL-K33T Data Sheet

IEC/EN/DIN EN 60747-5-5 Insulation-Related Characteristics

(Option 060 and 560 Only)

Description Symbol | Option 060 and 560 Units
Installation classification per DIN VDE 0110/1.89, Table 1
For rated mains voltage < 600 Vgps — -1V —
For rated mains voltage < 1000 Vgrys -1l
Climatic Classification® — 40/125/21 —
Pollution Degree (DIN VDE 0110/1.89) — 2 —
Maximum Working Insulation Voltage ViorM 1140 Vpeak
Input to Output Test Voltage, Method b
Viorm X 1.875 = VpR, 100% Production Test with t,, = 1 second, Vpr 2137 Vpeak
Partial discharge < 5 pC
Input to Output Test Voltage, Method a
Viorm * 1.6 = Vpg, Type and Sample Test with t,, = 10 seconds, Vpr 1824 Vpeak
Partial discharge < 5 pC
Highest Allowable Overvoltage (Transient Overvoltage t;,; = 60 seconds) Viotm 8000 Vpeak
Safety-limiting values — maximum values allowed in the event of a failure
Case Temperature Ts 175 °C
Input Current ls,INPUT 230 mA
Output Power Ps.ouTpuT 600 mwW
Insulation Resistance at T, V|g = 500V Rs > 109 Q

a. Climatic classification denotes <Minimum ambient temperature of operation>/<Maximum ambient temperature of operation>/<Number of

days of the damp heat, steady state test>.

Insulation and Safety-Related Specifications

Parameter Symbol |ACPL-K33T Units Conditions

Minimum External Air Gap L(101) 8 mm Measured from input terminals to output terminals, shortest

(Clearance) distance through the air.

Minimum External Tracking L(102) 8 mm Measured from input terminals to output terminals, shortest

(Creepage) distance path along the body.

Minimum Internal Plastic Ga Through insulation distance conductor to conductor, usually
P — 0.08 mm the straight line distance thickness between the emitter and

(Internal Clearance) the detector

Tracking Resistance CTI 175 Vv DIN IEC 112/VDE 0303 Part 1.

(Comparative Tracking Index)

Isolation Group .

(DIN VDE0109) — llla — Material Group (DIN VDE 0109).
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ACPL-K33T Data Sheet

Automotive 2.5A Peak High-Output Current SiC MOSFET and IGBT Gate Drive Optocoupler
with Rail-to-Rail Output Voltage in Stretched SO-8

Absolute Maximum Ratings

Parameter Symbol Min. Max. Units
Storage Temperature Ts -55 150 °C
Operating Temperature Ta -40 125 °C
IC Junction Temperature? Ty — 150 °C
Average Input Current IF(AVG) — 20 mA
Peak Input Current (50% duty cycle, < 1 ms pulse width) IF(PEAK) — 40 mA
Peak Transient Input Current (< 1 ps pulse width, 300 pps) IF(TRAN) — 1 A
Reverse Input Voltage VR — 6 \Y
“High” Peak Output Current® loH(PEAK) — 25 A
“Low” Peak Output Current? loL(PEAK) — 25 A
Total Output Supply Voltage (Vee — Ver) 0 35 \Y
Output Voltage Vo(peAK) -0.5 Vee \%
Output IC Power Dissipation® Po — 500 mW
Total Power Dissipation? Pr — 550 mW

a. The total power dissipation is derated linearly above a 110°C free-air temperature at a rate of 13 mW/°C. The
maximum LED and IC junction temperature should not exceed 150°C.

b. The maximum pulse width = 100 ns, duty cycle = 2%.

c. Derate linearly above a 110°C free-air temperature at a rate of 13 mW/°C. See Figure 2.

Figure 2: Output IC Power Dissipation Derating Chart
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Recommended Operating Conditions

Parameter Symbol Min. Max. Units
Operating Temperature Ta -40 125 °C
Output Supply Voltage (Vec — VEg) 15 30 \Y
Input Current (ON) IF(oN) 7 13 mA
Input Voltage (OFF) VE(OFF) -55 0.8 \

Broadcom
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ACPL-K33T Data Sheet

Automotive 2.5A Peak High-Output Current SiC MOSFET and IGBT Gate Drive Optocoupler

with Rail-to-Rail Output Voltage in Stretched SO-8

Electrical Specifications (DC)

Unless otherwise noted, all minimum/maximum specifications are at recommended operating conditions. All typical values
are at TA = 25°C, VCC - VEE =15V, VEE = Ground.

Parameter Symbol Min. Typ. Max. Units Test Conditions | Figure
High Level Peak Output Current lon — -35 -2.0 A Vee — Vo = 15V 3
Low Level Peak Output Current loL 2.0 4 — A Vo — Vg =15V 4
High Output Transistor RDS(ON)? Rps,on — 2.2 4.0 Q lon =—2.0A
Low Output Transistor RDS(ON)? Rps,oL — 1.0 2.0 Q lo = 2.0A
High Level Output Voltage® © VoH Vec =045 | Vee-0.2 - v Ich:_—Tlg(;nn':\A
Low Level Output Voltage VoL — 0.1 0.25 \Y, lo =100 mA
High Level Supply Current lccH — 2.65 4.2 mA I[r =10 mA
Low Level Supply Current lccL — 2.55 4.2 mA Vg =0V
Threshold Input Current Low to High lELH — 2.6 55 mA Vo > 5V
Threshold Input Voltage High to Low VEHL 0.8 — — V
Input Forward Voltage VE 1.25 1.5 1.85 \% 7

i I[r =10 mA
'llz'eor:’\;/):rrdat\l;(;ﬁa(;zeﬁ|0|ent of Input AVE/AT, . 15 . mV/°C F
Input Reverse Breakdown Voltage BVRr 6 — — \Y Ir =100 pA
Input Capacitance Cin — 90 — pF f;FLN(l)';'/Z
UVLO Threshold VuvLo+ 12.1 13 13.9 v VP > 5V

VuvLo- 11.1 12 12.9 IF =10 mA

UVLO Hysteresis UVLOpys 0.5 1.0 — \% —

a. The output is sourced at —2.0A or 2.0A with a maximum pulse width of 10 ps.

b. In this test, Vop is measured with a DC load current. When driving capacitive loads, Vg will approach V¢ as Igy approaches zero amperes.

c. The maximum pulse width = 1 ms.

Broadcom
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Automotive 2.5A Peak High-Output Current SiC MOSFET and IGBT Gate Drive Optocoupler
ACPL-K33T Data Sheet with Rail-to-Rail Output Voltage in Stretched SO-8

Switching Specifications (AC)

Unless otherwise noted, all minimum/maximum specifications are at recommended operating conditions. All typical values
are at TA = 25°C, VCC - VEE =15V, VEE = Ground.

Parameter Symbol Min. Typ. Max. Units Test Conditions Figure
Propagation Delay Time to High Output Level? tpLH 30 65 120 ns Vee =15V 9,12,14
Propagation Delay Time to Low Output Level tPHL 30 65 120 ns EG =1765£I)= 10,12, 14
L=10n
Pulse Width Distortion (tppy — tpy)° PWD -40 0 40 ns f= 20 kH 1
) . . Duty Cycle = 50%
Dead Time Distortion Caused by Any Two Parts
R yany DTD —40 — 50 ns Vin = 4.5V to 5.5V
(tpLH — tpHL) Rin = 350Q
Rise Time tr — 15 — ns Vee =15V
C . =1nF
f=20k|:|z . 13,14
Fall Time te — 15 — ns Duty Cycle = 50%
Vi, =4.5V to 5.5V
R, =350Q
Output High Level Common Mode Transient = 25°
pe o ICMy| 50 >75 — KV/us Ta=25°C
Immunity® Ve =30V 15
Output Low Level Common Mode Transient Vem = 1500V
odf |CML| 50 >75 — kV/pS . . .
Immunity™ with split resistors

a. This load condition approximates the gate load of 600V/50A power devices.
b. Pulse width distortion (PWD) is defined as tpy — tp 1 for any given device.

c. Dead time distortion (DTD) is defined as tp 1 — tpy between any two parts under the same test condition. A negative DTD reduces the original
system dead time; whereas a positive DTD increases the original system dead time.

d. Pin 2 and Pin 4 must be connected to LED common.

e. Common mode transient immunity in a high state is the maximum tolerable dV¢),/dt of the common mode pulse, V¢, to ensure that the
output remains in the high state, (Vg > 15V).

f. Common mode transient immunity in a low state is the maximum tolerable dV¢)/dt of the common mode pulse, V¢, to ensure that the output
remains in the low state (Vg < 1.0V).

Package Characteristics

Unless otherwise noted, all minimum/maximum specifications are at recommended operating conditions. All typical values
are at Tp = 25°C.

Parameter Symbol Min. Typ. Max. Units Test Conditions
RH < 50%,
Input-Output Momentary Withstand Voltage® > ¢|  Viso 5000 — — VrMs t =1 minute
Ta=25°C
Input-Output Resistance® Rio 109 1014 — Q V.0 =500 Vpc
Input-Output Capacitance Cro — 0.6 — pF f=1MHz

a. The input-output momentary withstand voltage is a dielectric voltage rating that should not be interpreted as an input-output continuous

voltage rating. For the continuous voltage rating, refer to your equipment level safety specification or Broadcom Application Note 1074,
Optocoupler Input-Output Endurance Voltage.

b. In accordance with UL1577, each optocoupler is proof-tested by applying an insulation test voltage = 6000 Vgys for 1 second.

c. The device is considered a two-terminal device: pins 1, 2, 3, and 4 are shorted together, and pins 5, 6, 7, and 8 are shorted together.

Broadcom AV02-4575EN
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Automotive 2.5A Peak High-Output Current SiC MOSFET and IGBT Gate Drive Optocou-
ACPL-K33T Data Sheet pler with Rail-to-Rail Output Voltage in Stretched SO-8

Typical Performance Plots

Figure 3: lgy vs. (Vcc —Von) Figure 4: lg_ vs. VoL
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ACPL-K33T Data Sheet

Automotive 2.5A Peak High-Output Current SiC MOSFET and IGBT Gate Drive Optocou-

pler with Rail-to-Rail Output Voltage in Stretched SO-8

Figure 9: tp,  vs. Temperature

Figure 10: tpy, vs. Temperature
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Figure 11: PWD vs. Temperature Figure 12: tp_ y and tpy,_ Test Circuit
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ACPL-K33T Data Sheet

Automotive 2.5A Peak High-Output Current SiC MOSFET and IGBT Gate Drive Optocoupler
with Rail-to-Rail Output Voltage in Stretched SO-8

Figure 15: CMR Test Circuit
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Figure 16: Typical High-Speed SiC MOSFET/IGBT Gate Drive Circuit
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Automotive 2.5A Peak High-Output Current SiC MOSFET and IGBT Gate Drive Optocoupler
ACPL-K33T Data Sheet with Rail-to-Rail Output Voltage in Stretched SO-8

Anti-Cross Conduction Drive

One of the many benefits of using the ACPL-K33T is the ease of implementing an anti-cross conduction drive between the
high-side and the low-side gate drivers to prevent a shoot-through event. This safety interlock drive can be realized by
interlocking the output of buffer U5 and U6 to both the high-side and the low-side gate drivers, as shown in Figure 16. Due
to the difference in propagation delay between optocouplers, however, a certain amount of dead time must be added to
ensure sufficient dead time at the MOSFET gate. For more details, see Dead Time and Propagation Delay Waveforms.

Recommended LED Drive Circuits

There will be common mode noise whenever the ground level of the optocoupler’s input control circuitry differs from the
output control circuitry. Figure 17 and Figure 18 show the recommended LED drive circuits that use a logic gate (CMOS
buffer) for high common mode rejection (CMR) performance of the optocoupler gate driver. Split limiting resistors are used
to balance the impedance at both the anode and the cathode of the input LED for high common mode noise rejection. The
output impedance of the CMOS buffer (shown as Rq in Figure 17 and Figure 18) must be included in the calculation for LED
drive current.

On the other hand, Figure 19 and Figure 20 show the recommended LED drive circuits that use a single transistor. During
the LED off state, M1 and Q1 in Figure 19 and Figure 20 will shunt the current, which results in greater power consumption.
It is not recommended to have open-drain and open-collector drive circuits, as shown in Figure 21 and Figure 22. This is
because during the off state of the MOSFET/transistor, the cathode of the input LED sees high impedance and becomes
sensitive to noise.

Drive Power

If a CMOS buffer is used to drive the LED, it is recommended that you connect the CMOS buffer at the LED cathode. This
is because the sinking capability of the NMOS is usually greater than the driving capability of the PMOS in a CMOS buffer.

Drive Logic

The designer can configure LED drive circuits for non-inverting and inverting logic as recommended in Figure 17 and
Figure 18. For the inverting and non-inverting logic to work, the external power supply Vpp4 must be connected to the CMOS
buffer. If the Vpp¢ supply is lost, the LED will be permanently off and output will be low.

Bypass and Reservoir Capacitors

Supply bypass capacitors are necessary at the input buffer and the ACPL-K33T output supply pin. A ceramic capacitor with
a value of 0.1 yF is recommended at the input buffer to provide high-frequency bypass, which also helps to improve CMR
performance. At the output supply pin (Ve — Veg), it is recommended to use a 10-yF, low-ESR, and low-ESL capacitor as
a charge reservoir to supply instant driving current to the IGBT at V1 during switching.

Broadcom AV02-4575EN
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ACPL-K33T Data Sheet

Automotive 2.5A Peak High-Output Current SiC MOSFET and IGBT Gate Drive Optocou-

pler with Rail-to-Rail Output Voltage in Stretched SO-8

Figure 17: Recommended Non-Inverting Logic Gate Drive Circuit
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Figure 19: Recommended Single-Transistor Drive Circuit
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Figure 21: Not Recommended — Open-Drain/Open-Collector
Drive Circuit (1)
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Figure 18: Recommended Inverting Logic Gate Drive Circuit
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Figure 20: Recommended Single-Transistor Drive Circuit
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Figure 22: Not Recommended — Open-Drain/Open-Collector
Drive Circuit (2)
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Automotive 2.5A Peak High-Output Current SiC MOSFET and IGBT Gate Drive Optocou-
ACPL-K33T Data Sheet pler with Rail-to-Rail Output Voltage in Stretched SO-8

Initial Power-Up and UVLO Operation

Insufficient gate voltage to the IGBT can increase IGBT turn-on resistance, resulting in a large power loss and damage to

the IGBT due to high heat dissipation. The ACPL-K33T constantly monitors the output power supply. During initial power-

up, the ACPL-K33T requires a maximum of 50 ps initial startup time for the internal bias and circuitry to get ready. The gate
driver output (Voyr) is held at the off state during the initial startup time. Thereafter, when the output power supply is lower
than the under-voltage lockout (Vv o.) threshold, the gate driver output will shut off to protect the IGBT from low-voltage

bias. When the output power supply is more than the Vy o+ threshold, Vo is released from the low state and it follows
the input LED drive signal, as shown in Figure 23.

Figure 23: ACPL-K33T Initial Power-Up and UVLO Operation

Vinweo) / l 1 \
| ' Initial | |
l — startup | }

VOUT I i time I | I

Dead Time Distortion and Propagation Delay

Dead time is the period of time during which both high-side and low-side power transistors (shown as Q1 and Q2 in
Figure 16) are off. Originally, the system is required to design in some amount of dead time to compensate for the turn-off
delay needed for the MOSFET to discharge the input capacitance after the gate is switched off. This amount of dead time is
called the system original dead time. When an optocoupler is used, the designer must consider the effect of the
optocoupler’'s dead time distortion (DTD) toward the system original dead time. The optocoupler’s negative DTD decreases
the system original dead time; on the other hand, the optocoupler’s positive DTD increases the system original dead time.
Therefore, the designer must add extra dead time to the system original dead time to compensate for the optocoupler’s
negative DTD. Figure 24 and Figure 25 illustrate the effect of the optocoupler’'s DTD to the system original dead time.

Dead Time and Propagation Delay Waveforms

Figure 24: Negative DTD Reduces the Original DT Figure 25: Positive DTD Increases the Original DT
Original DT Original DT
Vinweoy < 8 Vin(eo) >
Vinueo) | Vin(LED2)
t
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optocoupler
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Automotive 2.5A Peak High-Output Current SiC MOSFET and IGBT Gate Drive Optocou-
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Here is an example of the total dead time calculation for a typical optocoupler circuit for MOSFET driving.
Total dead time required = System original dead time + |optocoupler’s negative DTD|

= System original dead time + |40 ns|
Where system original dead time = MOSFET turn-off delay

NOTE: The propagation delays used to calculate the dead time distortion (DTD) are taken at equal temperatures and test
conditions because the optocouplers (used under consideration) are typically mounted in close proximity to each
other and are switching the same type of MOSFETSs.

Programmable Dead Time

The programmable dead time can be introduced to an optocoupler gate driver by adding an external capacitor (CpT) across
the input LED (anode and cathode) as shown in Figure 26. This simple circuitry offers you the flexibility to optimize gate drive
switching timing for various MOSFETs and applications through hardware configuration.

The value of the external capacitor (Cpt) can be calculated based on the minimum dead time requirement for the system,
as shown in the following equation. The added dead time will delay the turn-on timing of the gate signal, as shown in
Figure 27.

C DT(min)
DT(min) = —
Rin(min) In(1 - M}
Vin(on) = Vin(off)
Where:

DT: The total dead time required for a system, including the original dead time and the optocoupler’s negative DTD
Rin: The total input LED current-limiting resistor

Cpt: The external dead time programming capacitor

VE: The input LED forward voltage

Vin: The input PWM voltage

Figure 26: Add Cpt for Dead Time Programming Figure 27: Timing Diagram with and without Cpt
Rin 11 | | | |
Van . Lo 1
v 11— 8] v, | |
- S w \ — Waveform
w{IL) o zlS T W 7 N | e
S | 1 —— Waveform
I : Lo : without Cpy
3 — E | —pp DT — I I
| \tPLH\ |
L ‘; : 3 tpHL
11 1 1 1 1
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Thermal Resistance Model for the ACPL-K33T

Figure 28 shows the diagram for measurement. Here, one die is first heated, and the temperatures of all the dice are
recorded after thermal equilibrium is reached. Then, the second die is heated, and all the dice temperatures are recorded.
With the known ambient temperature, die junction temperature, and power dissipation, the thermal resistance can be
calculated. The thermal resistance calculation can be cast in matrix form. This yields a 2-by-2 matrix for our case of two heat
sources.

Figure 28: Diagram of the ACPL-K33T for Measurement

[1] (8]
2 7
|: Die1: Die 2: :l
E LED Detector Il
[4] (5]
R11  R12 P1 AT1
R1 R2| T |m2|T | am2

R11: Thermal resistance of Die1 due to heating of Die1 (°C/W)

R12: Thermal resistance of Die1 due to heating of Die2 (°C/W)

R21: Thermal resistance of Die2 due to heating of Die1 (°C/W)

R22: Thermal resistance of Die2 due to heating of Die2 (°C/W)

P1: Power dissipation of Die1 (W)

P2: Power dissipation of Die2 (W)

T1: Junction temperature of Die1 due to heat from all dice (°C)

T2: Junction temperature of Die2 due to heat from all dice (°C)

Ta: Ambient temperature (°C)

AT1: Temperature difference between Die1 junction and ambient (°C)
AT2: Temperature deference between Die2 junction and ambient (°C)
T1=(R11 x P1 + R12 x P2) + Ta -------------—-- )

T2 = (R21 x P1 + R22 x P2) + Ta -------mmmmmmomm- (2)
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Measurement is done on both low-conductivity and high-conductivity boards as shown in the following table.

Layout Measurement Data
Low-conductivity board per JEDEC 51-3: High-conductivity board per JEDEC 51-7:
R11 =191°C/W R11 = 155°C/W
A R12 = R21 = 68.5°C/W R12 = R21 = 64°C/W
R22 = 77°C/W R22 = 41°C/W

COMPONENT SIDE

==

76.2 mm

STRETCH SO8 THERMAL TEST BOARD (2L)

v Bogdfesk

NOTE: These thermal resistances R11, R12, R21, and R22 can be improved by increasing the ground plane/copper area.

The application and environment design for the ACPL-K33T must ensure that the junction temperature of the internal IC and
LED within the gate drive optocoupler does not exceed 150°C. Use equation (1) and equation (2) to estimate the junction
temperatures. For example:

Calculation of the LED and Output IC Power Dissipation:

LED Power Dissipation, Pg = Ig gp) (Recommended Max.) x Vg gp (at 125°C) x Duty Cycle

=13 mA x 1.25V x 50%
=8.125 mW

Output IC Power Dissipation, Pg = V¢ (Recommended Max.) x Ioc (Max.) + Pys + P g

=30V x 4.2 mA+ 60 mW + 34.3 mW
=220.3 mW

Where:

Phs = High-side switching power dissipation
= (Ve * Qg * fewm) * Rps,oHMmax)/(Rps,oHMmax) + Rar)/2
= (30V x 80 nC x 200 kHz) x 4Q/(4Q +12Q)/2
=60 mwW

PLs = Low-side switching power dissipation
= (Ve * Qg * frwm) * Rps oL max)/(Ros,oLmax) + RaL)/2
= (30V x 80 nC x 200 kHz) x 2Q/(2Q +12Q)/2
=34.3 mW

Qg = Gate charge at supply voltage

fewm = LED switching frequency

RgH = Gate charging resistance

RgL = Gate discharging resistance
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Calculation of the LED Junction Temperature and Output IC Junction Temperature at T,=125°C Based on a
High-Conductivity Board Thermal Resistance Model:

LED Junction Temperature, T1

(R11 x Pg +R12x Pg) + T,

(155°C/W x 8.125 mW + 64°C/W x 220.3 mW) + 125°C
= 140°C < T y(absolute max.) of 150°C

Output IC Junction Temperature, T2 = (R21 x Pg + R22 x Pg) + T,

= (64°C/W x 8.125 mW + 41°C/W x 220.3 mW) + 125°C
= 135°C < T j(absolute max.) of 150°C
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