ACPL-336)

2.5 Amp Gate Drive Optocoupler with Integrated (Vcg)

AvaGo

TECHNOLOGIES

Desaturation Detection, Active Miller Clamping, Fault and UVLO Status Feedback

Data Sheet

Lead (Pb) Free
RoHS 6 fully
compliant

RoHS 6 fully compliant options available;
-xxxE denotes a lead-free product

Description

Avago’s ACPL-336J gate drive optocoupler features fast
propagation delay with excellent timing skew perfor-
mance. Smart features that are integrated to protect
the IGBT include IGBT desaturation detection with soft-
shutdown protection and fault feedback, undervoltage
lockout and feedback, and active Miller current clamping.
This full-featured and easy-to-implement IGBT gate drive
optocoupler comes in a compact, surface-mountable
SO-16 package for space-savings. It is suitable for driving
IGBTs and power MOSFETs used in motor control and
inverter applications.

Avago isolation products provide reinforced insulation
and reliability that deliver safe signal isolation critical in
high voltage and noisy industrial applications.
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Features

e 2.5 A maximum peak output current
e Rail-to-rail output voltage

e 2.5 A Miller Clamp

o Integrated fail-safe IGBT protection

- Desaturation detection, “Soft” IGBT turn-off and
fault feedback

- UnderVoltage LockOut (UVLO) Protection with
feedback

e Integrated input LED driver
e 250 ns maximum propagation delay over temperature

e 30 kV/us minimum Common Mode Rejection (CMR) at
Vem = 1500V

e Wide operating voltage: 15V to 30V
o Wide operating temperature range: -40 °C to 105 °C
e SO-16 package with 8 mm clearance and creepage

e Regulatory approvals:
- UL 1577, V|so = 5000 VRrms for 1 min
- CSA
— |EC/EN/DIN EN 60747-5-5 Viopm = 1414 Vpgak

Applications

o |solated IGBT/Power MOSFET gate drive
e Renewable energy inverters

e AC and brushless DC motor drives

e Industrial Inverters

e Switching power supplies

CAUTION: It is advised that normal static precautions be taken in handling and assembly
of this component to prevent damage and/or degradation which may be induced by ESD.




Product Overview Description

The ACPL-336J is a highly integrated power control device that incorporates all the necessary components for a
complete, isolated IGBT gate drive circuit. It features IGBT desaturation detection with soft-shutdown protection and
fault feedback, undervoltage lockout and feedback, and active Miller current clamping in a SO-16 package. Direct LED
input with or without integrated LED driver allows flexible logic configuration and differential current mode driving with
low input impedance, greatly increasing its noise immunity.

Pin Description Pin Symbol Description
1 V Input common
O] ver V2 |16 EEl P
2 ViNs Non inverting voltage control input.
2] v Viep [15 ] 3 Vear Input power supply (4.5 V to 5.5 V)
3] vea DESAT [ 14 4 VLEDDRV Integrated LED driver output.
(7] veeoomy ve [17] 5 UvLO Ve undervoltage lockout feedback
_ 6 FAULT DESAT fault feedback
5 | UVLO v
i @ 2] 7 ANODE  Input LED anode
I 7T Vour [11] 8 CATHODE  Input LED cathode
(7| anooe Vauwe [10] 9 VEE2 Negative power supply
10 V, Miller current clamping output
(8] catHoDE Vee2 [ 9] CLAMP pIgoLte

11 Vout Driver output to IGBT gate

12 Vee Positive power supply

13 Ve Common (IGBT emitter) output supply voltage.

14 DESAT Desaturation voltage input. When the voltage on DESAT
exceeds an internal reference voltage of 7 V while the IGBT is
on, Voyr will soft shut down and FAULT will change from High
impedance to Low logic state

15 Viep No connection, for testing only

16 VEE2 Negative power supply

Ordering Information
ACPL-336J is UL Recognized with 5000 Vrms for 1 minute per UL1577.

Option
Part number RoHS Compliant Package Surface Mount  Tape & Reel IEC/EN/DIN EN 60747-5-5  Quantity
ACPL-336) -000E SO-16 X X 45 per tube
-500E X X X 850 per reel

To order, choose a part number from the part number column and combine with the desired option from the option
column to form an order entry.

Example 1:

ACPL-336J-500E to order product of SO-16 Surface Mount package in Tape and Reel packaging with IEC/EN/DIN
EN 60747-5-5 Safety Approval in RoHS compliant.

Option datasheets are available. Contact your Avago sales representative or authorized distributor for information.



Package Outline Drawings
ACPL-336J 16-Lead Surface Mount Package

LAND PATTERN RECOMMENDATION
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Dimensions in inches (millimeters)

Notes: Initial and continued variation in the color of the ACPL-336J's white mold compound is normal and does note affect device performance or
reliability.

Lead coplanarity = 0.1 mm (0.004 inches)

Floating Lead Protrusion is 0.25 mm (10 mils) max.

Recommended Pb-Free IR Profile

Recommended reflow condition as per JEDEC Standard, J-STD-020 (latest revision). Non- Halide Flux should be used.

Regulatory Information
The ACPL-336J is approved by the following organizations:

IEC/EN/DIN EN 60747-5-5
Maximum working insulation voltage Viorm = 1414 Vpeak

UL
Approval under UL 1577, component recognition program up to Viso = 5000 Vgps. File E55361.

CSA
Approval under CSA Component Acceptance Notice #5, File CA 88324.



Table 1. IEC/EN/DIN EN 60747-5-5 Insulation Characteristics*

Description Symbol Characteristic Unit
Installation classification per DIN VDE 0110/39, Table 1
for rated mains voltage < 150 Vrms |-V
for rated mains voltage < 300 Vrms -1V
for rated mains voltage < 600 Vrms -1V
for rated mains voltage < 1000 Vrus =1l
Climatic Classification 40/105/21
Pollution Degree (DIN VDE 0110/39) 2
Maximum Working Insulation Voltage VIorRM 1414 Vpeak
Input to Output Test Voltage, Method b** VPR 2652 Vpeak
Viorm X 1.875 =Vpg, 100% Production Test with ty, = 1 sec, Partial discharge < 5 pC
Input to Output Test Voltage, Method a** VPR 2262 Vpeak
Viorm X 1.6 = Vpg, Type and Sample Test, t = 10 sec, Partial discharge < 5 pC
Highest Allowable Overvoltage (Transient Overvoltage tjni = 60 sec) Viotm 8000 Vpeak
Safety-limiting values — maximum values allowed in the event of a failure.
Case Temperature Ts 175 °C
Input Current Is, INPUT 400 mA
Output Power Ps, outpuT 1200 mW
Insulation Resistance at Ts, Vio = 500V Rs >109 Q

* Isolation characteristics are guaranteed only within the safety maximum ratings, which must be ensured by protective circuits in application.
Surface mount classification is class A in accordance with CECCO0802.

** Refer to the optocoupler section of the Isolation and Control Components Designer’s Catalog, under Product Safety Regulations section IEC/EN/
DIN EN 60747-5-5, for a detailed description of Method a and Method b partial discharge test profiles.

Table 2. Insulation and Safety Related Specifications

Parameter Symbol ACPL-336) Units Conditions

Minimum External Air Gap L(101) 8.3 mm Measured from input terminals to output terminals,

(Clearance) shortest distance through air.

Minimum External Tracking L(102) 83 mm Measured from input terminals to output terminals,

(Creepage) shortest distance path along body.

Minimum Internal Plastic Gap 0.5 mm Through insulation distance conductor to conductor,

(Internal Clearance) usually the straight line distance thickness between the
emitter and detector.

Tracking Resistance CTI >175 \" DIN IEC 112/VDE 0303 Part 1

(Comparative Tracking Index)

Isolation Group llla Material Group (DIN VDE 0110, 1/89, Table 1)




Table 3. Absolute Maximum Ratings

Parameter Symbol Min. Max. Units Note
Storage Temperature Ts -55 125 °C
Operating Temperature Ta -40 105 °C

Output IC Junction Temperature Ty 125 °C

Average Input Current IF(avG) 20 mA 1
Peak Transient Input Current IF(TRAN) 1 A

(< 1 us pulse width, 300 pps)

Reverse Input Voltage VR 5 Y

Peak Output Current [lopeak)| 2.5 A 2
FAULT Output Current IFAULT 10 mA

FAULT Pin Voltage VFADTT 05 Veer Vv

UVLO Output Current Iovio 10 mA

UVLO Pin Voltage VG 05 Veer Vv

Non Inverting Voltage Control Input Voltage ViNg -0.5 Ve

Integrated LED Driver Output Current ILEDDRV 20 mA
Integrated LED Driver Output Voltage VLEDDRV -0.5 Ve Vv

Positive Input Supply Voltage Ve -0.5 7.0 \

Total Output Supply Voltage Vcea - VER2 -0.5 35 Vv

Negative Output Supply Voltage VE - VEE2 -0.5 15 Vv 3
Positive Output Supply Voltage Vceo - VE -0.5 35— (VE-VEp) \Y

Gate Drive Output Voltage VOo(PEAK) -0.5 Ve Y

Peak Clamping Sinking Current lcLamp 2.5 A 2
Miller Clamping Pin Voltage Veiamp -0.5 Ve Vv

DESAT Voltage VDESAT VE-0.5 (Vcea +0.5) Vv

Output IC Power Dissipation Po 600 mW 4
Input LED Power Dissipation P 150 mW

Notes:

1. Derate linearly above 70 °C free-air temperature at a rate of 0.3 mA/°C.

Maximum pulse width = 10 us

s wN

Table 4. Recommended Operating Conditions

This supply is optional and is required only when negative gate drive is implemented.
Derate linearly above 95 °C free-air temperature at a rate of 20 mW/°C.
Derate linearly above 95 °C free-air temperature at a rate of 5 mW/°C. The maximum LED junction temperature should not exceed 125 °C.

Parameter Symbol Min. Max. Units Note
Operating Temperature Ta -40 105 °C

Input supply voltage Vet 45 55 \Y 1
Total Output Supply Voltage Vcea - Ve 15 30 Vv 2
Negative Output Supply Voltage (Ve - Vep) 0 13.5 % 3
Positive Output Supply Voltage Vcea - Ve 15 30 - (VE-VEp) \%

Input LED Current IF(oN) 9 16 mA

Input Voltage (OFF) VF(OFF) -3.6 0.8 Vv

Notes:

1. Inmost applications Vccq will be powered up first (before Vccy) and powered down last (after Vcc)). This is desirable for maintaining control of the
IGBT gate. In applications where V5 is powered up first, it is important to ensure that input remains low until Vccy reaches the proper operating
voltage (minimum 4.5 V) to avoid any momentary instability at the output during Vccq ramp-up or ramp-down.

2. 15V is the recommended minimum operating positive supply voltage (Vccy - VE) to ensure adequate margin in excess of the maximum Vyy o+
threshold of 13.7 V.

3. This supply is optional and is required only when negative gate drive is implemented.



Table 5. Electrical Specifications (DC)

Unless otherwise noted, all typical values at Tp = 25 °C, Vcc1 =5V, Veca — Vee2 = 30V, VE = VEg2 = 0 V; all Minimum/
Maximum specifications are at Recommended Operating Conditions.

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Note
Logic Low Input Voltage VINtL 0.8 \Y 23
Logic High Input Voltage VINtH 2 \ 23
Logic ngh LED Driver Output RDS(ON) RLEDDRVH 5.5 13.5 24 Q lLEDDRV =-10 mA, VIN+ =5V 23
Logic Low LED Driver Output Voltage Vi gppryr 0.2 0.4 0.8 Vv lLeppRV =24 MA, VN =0V 23
Input Low Supply Current lccrL 3 6 mA IF=0mA, VN =0V 1
Input High Supply Current lcciH 3 6 mA IF=10mA, V|\;=0V 1

13 16 mA ILEDDRV: 10 mA,V|N+=5V
Output Low Supply Current lccaL 43 6.5 mA IF=0mA 2,3
Output High Supply Current lccon 54 75 mA IF=10mA 2,3
LED Forward Voltage Ve 1.2 1.55 195 V IF=10 mA 4
Temperature Coefficient of Input AVE/ATp -1.7 mV/°C [g=10mA
Forward Voltage
LED Reverse Breakdown Voltage Vgr 5 Vv IF=10uA
Input Capacitance (@] 70 pF
LED Turn on Current Threshold Low |1y, 0.25 2 6 mA Vour=5V
to High
LED Turn on Current Threshold High  Iy- 0.15 1.5 55 mA Vour=5V
to Low
LED Turn on Current Hysteresis ItH_Hys 0.5 mA
High Level Output Current loH -2 -3.5 A Veea -Vour =15V 1
Low Level Output Current loL 2 3.0 A Vour-VEe=15V 1
High Output Transistor Rps(on) Rps,0H 0.5 25 5.0 Q lon=-2A 2
Low Output Transistor Rps(on) Rps,oL 0.2 1.8 4.0 Q lor=2A 2
Low Level Output Current During loLF 55 115 170 mA Vout-Vee =14V 7 3
Fault Condition
High Level Output Voltage Vo Vceo- 0.5 Ve -0.15 \Y loyr=-100 mA 5 4,5,6
Low Level Output Voltage Vou 0.1 0.5 \Y loyt =100 mA 6
Clamp Threshold Voltage VTH cLAMP 2 3 \"
Clamp Low Level Sinking Current lcLamp 0.75 1.9 A Veiamp=VEg + 2.5
Clamp Output Transistor Rps(on) Rps,cLamp 1.1 3.5 Q lccamp=T1TA
Vccz UVLO Threshold Low to High Vuvio+ 11 12.5 137V Voutr>5V 4,6,7
Vcca UVLO Threshold High to Low VuvLo- 10.1 11.3 128 'V Voutr<5V 4,6,8
Vcco UVLO Hysteresis Vyvio Hys 0.4 1.2 Vv
DESAT Detection Threshold VDEsaT 6.2 7 7.8 Vv 8 6
DESAT Charging Current IcHG 0.6 1.0 1.2 mA Vpesar=2V 9 6,9
DESAT Discharging Current IbscHG 20 58 mA Vpesat=8V 10
FAULT Logic Low Output Current IFAULT L 4 9.0 mA VeauLt=04V
FAULT Logic High Output Current IFAULT H 20 UA VeauLt=5V
UVLO Logic Low Output Current luvio L 4 9.0 mA Vuvio =04V
UVLO Logic High Output Current luvio H 20 uA Vuvio=5V

Notes:
1. Maximum pulse width =10 ps.

2. Output is sourced at -2.0 A/2.0 A with a maximum pulse width =10 ps.

3. For further details, see the description of operation during DESAT fault condition section in the application notes.

4. 15V is the recommended minimum operating positive supply voltage (Vcca - Vi) to ensure adequate margin in excess of the maximum Vyyo+
threshold of 13.7 V. For High Level Output Voltage testing, Vou is measured with a DC load current. When driving capacitive loads, Vou will

approach Vcc as loH approaches zero.
Maximum pulse width = 1.0 ms.

b4

6. Once Voyr of ACPL-336J is allowed to go High (Vcca - VE > Vuvio+), the DESAT detection feature of the ACPL-336) will be
the primary source of IGBT protection. UVLO is needed to ensure DESAT is functional. Once Vccy exceeds Vyyio+ threshold,

DESAT will remain functional until Ve

is below VUVLO—

ACPL-336J work in conjunction to ensure constant IGBT protection.

© N

This is the “increasing” (i.e., turn-on or “positive going” direction) of Vcca - VE.
This is the “decreasing” (i.e., turn-off or “negative going” direction) of Vccz - VE.
9. For further details, see the DESAT fault detection blanking time section in the applications notes.

threshold. Thus,

the DESAT detection and UVLO features of the



Table 6. Switching Specifications (AC)

Unless otherwise noted, all typical values at Tp = 25 °C, Vcc1 =5V, Veca — Vee2 = 30V, VE = VEg2 = 0 V; all Minimum/
Maximum specifications are at Recommended Operating Conditions.

Parameter Symbol Min.  Typ* Max. Units TestConditions Fig. Note
Input LED to High Level Output tpL 50 130 220 ns  Rg=10Q,Cq=10nF, 11,12, 1
Propagation Delay Time f=10 kHz, Duty Cycle =50% 13

Input LED to Low Level Output tpHL 50 155 250 ns 11,12, 2
Propagation Delay Time 13

Pulse Width Distortion PWD 25 120 ns 3,4
Propagation Delay Difference Ppp -150 150 ns 4,5
Between Any 2 Parts (tpy_-tpLH)

Propagation Delay Skew tpsk 100 ns 4,6
10% to 90% Rise Time tr 80 ns

90% to 10% Fall Time tr 45 ns

DESAT Blanking Time tDESAT(BLANKING) 0.6 1.1 us 24 7
DESAT Sense to 90% VOUT Delay tDESAT(QO%) 1.3 2 us RG =10Q, CG: 10 nF 24

DESAT Sense to 10% Vot Delay tDESAT(10%) 4.8 6.5 us 24 9
DESAT Sense to DESAT Low tpEsAT(LOW) 0.25 us 24 10
Propagation Delay

DESAT Sense to Low Level FAULT tDESAT(FAULT) 2.2 5 us Re=10kQ, Ce=Open 24 11
Signal Delay

Output Mute Time due to DESAT tDESAT(MUTE) 2.3 3.0 4.2 ms 24 12
Time Input Kept Low Before Fault tDESAT(RESET) 23 3.0 4.2 ms Re=10kQ, Cg=Open 24 13
Reset to High

Vcca to UVLO High Delay tpLH_uvLo 10 us 22 14
Vcca to UVLO Low Delay tpHL uvio 10 us 22 15
VCC2 UVLO to VOUT ngh Delay tUVLOfON 5.3 us 22 16
Ve UVLO to Voyt Low Delay tuvLo_oFF 1 us 22 17
Output High Level Common Mode  |[CMy| 30 >50 kV/us Ta=25°C, Ir=10maA, 14, 18,20
Transient Immunity Vem=1500V, Ve =30V 16,18
Output Low Level Common Mode |CM| 30 >50 kV/us Ta=25°C, lg=0mA, 15,17, 19,20
Transient Immunity Vem=1500V, Ve =30V, 19

Notes:

1.tpLn is defined as propagation delay from 50% of LED input I to 50% of High level output.

2. tpy is defined as propagation delay from 50% of LED input I to 50% of Low level output.

3. Pulse Width Distortion (PWD) is defined as [tpy| - tpL 4| for any given unit.

4. As measured from Ig to Vour-

5.The difference between tpy and tp 4 between any two ACPL-336J parts under the same test conditions.

6. tpsk is equal to the worst-case difference in tpy and tpy that will be seen between units under the same test condition.

7.The ACPL-336J internal delay time to respond to a DESAT fault condition without any external DESAT capacitor.

8.The amount of time from when DESAT threshold is exceeded to 90% of VgaTg at mentioned test conditions.

9.The amount of time from when DESAT threshold is exceeded to 10% of VgaTg at mentioned test conditions.

10. The amount of time from when DESAT threshold is exceeded to DESAT Low voltage, 0.7 V.

11.The amount of time from when DESAT threshold is exceeded to FAULT output Low - 50% of V¢ voltage.

12.The amount of time when DESAT threshold is exceeded, output is muted to LED input.

13.The amount of time when DESAT mute time is expired, LED input must be kept low for FAULT status to return to High.

14.The delay time when Vccy exceeds UVLO+ threshold to UVLO high - 50% of UVLO positive-going edge.

15.The delay time when V¢cy exceeds UVLO- threshold to UVLO low - 50% of UVLO negative-going edge.

16.The delay time when Vccy exceeds UVLO+ threshold to 50% of high level output.

17.The delay time when V¢cy exceeds UVLO- threshold to 50% of low level output.

18. Common mode transient immunity in the high state is the maximum tolerable dVcp/dt of the common mode pulse, Vcpy, to assure that the output
will remain in the high state (i.e., Voyt > 15V or FAULT > 2V or UVLO > 2 V). A 330 pF and a 10 kQ pull-up resistor are needed in FAULT and UVLO
detection mode.

19. Common mode transient immunity in the low state is the maximum tolerable dV¢)/dt of the common mode pulse, V), to assure that the output
will remain in a low state (i.e., Voyt < 1.0 V or FAULT < 0.8 V or UVLO < 0.8 V).

20. Split resistor network in the ratio 1:1 at the anode and cathode. For further details, see description of input LED driver and split resistors circuit
section in the application notes.



Table 7. Package Characteristics

Parameter Symbol  Min. Typ. Max. Units Test Conditions Note
Input-Output Momentary Viso 5000 VRMS RH < 50%, 1,2,3
Withstand Voltage t=1min., Ta=25°C
Resistance (Input-Output) R.o > 109 Q Vi.0 = 500 Vpc 3
Capacitance (Input-Output) Cro 13 pF freq =1 MHz
Thermal Coefficient Between 4

LED and Input IC Ag 354 °C/W

LED and Output IC Ato 33.1 °C/W

Input IC and Output IC Ao 25.6 °C/W

LED and Ambient Aga 176.1 °C/W

Input IC and Ambient A 92 °C/W

Output IC and Ambient Aoa 76.7 °C/W

Notes

1. Inaccordance with UL1577, each optocoupler is proof tested by applying an insulation test voltage = 6000 Vgs for 1 second. This test is performed
before the 100% production test for partial discharge (method b) shown in [EC/EN/DIN EN 60747-5-5 Insulation Characteristic Table, if applicable.
2.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 [IEC/EN/DIN EN 60747-5-5 Insulation Characteristics

Table.

w

Device considered a two-terminal device: pins 1 to 8 are shorted together and pins 9 to 16 are shorted together.

4. For further details, see thermal calculation section in the application notes.
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Figure 16. CMR FAULT High test circuit
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Figure 17. CMR FAULT Low test circuit
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Figure 18. CMR UVLO High test circuit
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Figure 19. CMR UVLO Low test circuit
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Applications Information

Recommended Application Circuit

T [ Vers Vees
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Figure 20. Typical gate drive circuits with DESAT detection
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Figure 21. Typical parallel IGBT gate drive circuits with DESAT detection

The ACPL-336J has non-inverting gate control inputs, and an open drain FAULT and UVLO outputs suitable for wired
‘OR’ applications. The two supplies bypass capacitors (1 uF) provide the large transient currents necessary during a
switching transition. The DESAT diode and 220 pF blanking capacitor are the necessary external components for the
fault detection circuitry. The gate resistor (Rg) serves to limit gate charge current and indirectly control the IGBT collector
voltage rise and fall times. The open drain FAULT and UVLO outputs have passive 10kQ pull-up resistors and a 330 pF
filtering capacitor.
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Introduction to DESAT Detection

The power stage of a typical three phase inverter is susceptible to several types of failures, most of which are potentially
destructive to the power IGBTs. These failure modes can be grouped into four basic categories: phase and/or rail supply
short circuits due to user misconnect or bad wiring, control signal failures due to noise or computational errors, overload
conditions induced by the load, and component failures in the gate drive circuitry. Under any of these fault conditions,
the current through the IGBTs can increase rapidly, causing excessive power dissipation and heating. The IGBTs become
damaged when the current load approaches the saturation current of the device, and the collector to emitter voltage
rises above the saturation voltage level. The drastically increased power dissipation very quickly overheats the power
device and destroys it. To prevent damage to the drive, fault protection must be implemented to reduce or turn-off the
IGBTs during a fault condition.

A circuit providing fast local DESAT detection and shutdown is an ideal solution, but the number of required compo-
nents, board space consumed, cost, and complexity have until now limited its use to high performance drives. The
features that this circuit must have are high speed, low cost, low resolution, low power dissipation, and small size. The
ACPL-336J satisfies these criteria by combining a high speed, high output current driver, high voltage optical isolation
between the input and output, local IGBT desaturation detection and shut down, and optically isolated fault and UVLO
status feedback signal into a single 16-pin surface mount package.

The fault detection method, which is adopted in the ACPL-336J, is to monitor the saturation (collector) voltage of the
IGBT and to trigger a local fault shutdown sequence if the collector voltage exceeds a predetermined threshold. A small
gate discharge device slowly reduces the high short circuit IGBT current to prevent damaging voltage spikes. Before
the dissipated energy can reach destructive levels, the IGBT is shut off. During the off state of the IGBT, the fault detect
circuitry is simply disabled to prevent false ‘fault’ signals.

The alternative protection scheme of measuring IGBT current to prevent desaturation is effective if the short circuit
capability of the power device is known, but this method will fail if the gate drive voltage decreases enough to only
partially turn on the IGBT. By directly measuring the collector voltage, the ACPL-336J limits the power dissipation in the
IGBT even with insufficient gate drive voltage. Another more subtle advantage of the desaturation detection method
is that power dissipation in the IGBT is monitored, while the current sense method relies on a preset current threshold
to predict the safe limit of operation. Therefore, an overly-conservative overcurrent threshold is not needed to protect
the IGBT.

Output Control

The outputs (Vout, FAULT and UVLO) of the ACPL-336J are controlled by the combination of Vcc1, Vcca(UVLO), LED
current I and IGBT desaturation condition. The following table shows the logic truth table for these outputs.

Vear Vecz (UVLO) I DESAT Vour Fault VLo
Low Low X Not Active Low Low Low
Low High Low Not Active Low Low Low
Low High High Active (no DESAT fault) High Low Low
Low High High Active (DESAT fault) Low Low Low
High Low X Not Actve Low High Low
High High High Active (DESAT fault) Low Low High
High High Low Not Active Low High High
High High High Active (no DESAT fault) High High High

The logic level is defined by the respective threshold of each function pin.
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Description of UnderVoltage LockOut

Insufficient gate voltage to IGBT can increase turn-on resistance of IGBT, resulting in large power loss and IGBT damage
due to high heat dissipation. ACPL-336J monitors the output power supply constantly. When output power supply is
lower than undervoltage lockout (UVLO) threshold, the gate driver output will shut off to protect IGBT from low voltage
bias. The low output power supply fault will be reported via the UVLO feedback. In this way, the UVLO feedback can also
serve as a READY signal to the controller during power up.

Yo/ o p_-
LED1 I / \

Vour

uvLo

N\
teHL_uvio! | teu_uvio

Figure 22. UVLO and feedback behaviors and timing diagram

Description of Input LED Driver and Split Resistors Circuit

The ACPL-336J has integrated an input LED driver that with high impedance input(V|n4) for interfacing with the con-
troller. The LED driver’s output(V gppry) has to be connected with the recommended split resistors circuit to the LED1
anode to achieve the rated high CMR performance. The LED current can be calculated by I gpprv = (Vcc1- VE)/(RLEDDRVH
+2R). Alternatively, if the LED driver is not used, LED1 can still be driven directly by other means of discrete driver con-
figuration.

It is recommended that the two resistors (R) connected to input LED’s anode and cathode are split in the ratio 1:1. They
will help to balance the common mode impedances at the LED’s anode and cathode. This helps to equalize the common
mode voltage changes at the anode and cathode to give high CMR performance.

Verr

Vin+

Vea

Vigoory 24> ‘4"“"“""“ ILepprv = (Vca - VP)/(RLEpDRVH+2R)
i

(5]

leppry [ 6 | FAULT
ANODE

v 7
X?um
A \R/\ 51 CATHODE
= v

Figure 23. Input LED driver functional diagram
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DESAT Fault Detection Blanking Time

The DESAT fault detection circuitry must remain disabled for a short time period following the turn-on of the IGBT to
allow the collector voltage to fall below the DESAT theshold. This time period, called the DESAT blanking time, is con-
trolled by the internal DESAT charge current, the DESAT voltage threshold, and the external DESAT capacitor.

The nominal blanking time is calculated in terms of external capacitance (Cg ank, see Figure 20 and Figure 21),
FAULT threshold voltage (Vpgsat), and DESAT charge current (Icyg) in addition to an internal DESAT blanking time

(tDESAT(BLANKING))-

teLANK = CaLANK X (VDESAT/ICHG) + IDESAT(BLANKING)

Description of Operation during DESAT Fault Condition

1. DESAT terminal monitors IGBT’s Vg voltage.

2. When the voltage on the DESAT terminal exceeds 7V, a weak pull-down in the output stage(lpf) will turn on to‘softly’
turn off the IGBT. When the gate voltage falls below Vgg+2 V, the Miller Clamp will turn on to clamp the IGBT gate to

3. FAULT output goes low, notifying the microcontroller of the fault condition.
4. Microcontroller takes appropriate action.

5. When tpesat(muTe) expires, LED input needs to be kept low for tpesatreseT) before fault condition is cleared. FAULT
status will return to high.

6. Output (Voyr) starts to respond to LED input after fault condition is cleared.

. toEsat(mure)
—
LED1 I :
> tosaroon) |
1R 90% :
Vour : \10% ! :
: ‘_" toEsaT(10%) | |
A ; :
Vpesar ' 7\
FAULT TDESAT(BLANKING) > ¢ ! tpEsaT(Low) EDESAT(BLANKING) >+ ¢

ﬁ%

i >
tDESAT(FAULT) *tDESAT(RESET)

Figure 24. DESAT fault state timing diagram

Selecting the Gate Resistor (Rg)

Step 1: Calculate Rg minimum from the lgpeak) specification. The IGBT and Rg in Figure 20 can be analyzed as a simple
RC circuit with a voltage supplied by ACPL-336J.

Vec—Vee Vee—Vee
R =——————Rpson(min) R 2——— = Rpsor(mm)
L opeak) lopeak)
_30 -0V _ o _30-0V _
T 2.5A 0.5Q 2.5A 020
=115 Q =11.8Q

The external gate resistor, Rg and internal minimum turn-on resistance, Rpson will ensure the output current will not
exceed the device absolute maximum rating of 2.5 A. In this case, we will use worst-case Rg > 11.8 Q.

16



Step 2: Check the ACPL-336J power dissipation and increase Rg if necessary. The ACPL-336J total power dissipation (Py)
is equal to the sum of the LED power (Pg), input IC power(P)) and the output IC power (Pp).

PT = PE + P| + Po
Assuming operation conditions of Ig(worst case) =16 mA, Rg = 11.8 Q, Max Duty Cycle =80%, Qg =1 uC, f=10kHz and
Ta max=95°C.

Calculation of LED Power Dissipation
Pe=Ig + Vg« Duty Cycle
=16mA-195V-0.8=25mW
Calculation of Input IC Power Dissipation
P| = Icc1(Max) * Vcci(Recommended Max)
=6mA*55V=33mW
Calculation of Input IC Power Dissipation
Po =Poias) + PoswITCHING)
=lcc2* (Veco-Vee2) + Phs + Pis
PHs = (Vcc2®Qa*f) * Rps,oHmax) / (Ros,oHmax)+Ra) / 2
PLs = (Vcc2*Qa*f) * Ros,oLmax) / (Ros,oLmax)+Ra) / 2
Pus = (30V - 1uC - 10 kHz) - 4.5 Q/(4.5 Q +7.3 Q)/2 = 44.6 mW
PLs=(30V.1uC-10kHz) - 3.6 Q/(3.6 Q+7.3 Q)/2 =38.0 mW
Po=75mA-30V +44.6 mW +38.0 mW
=307.6 mW < 600 mW (Pomax) @ 95 °C)
The value of 7.5 mA for Iccz in the previous equation is the maximum Iccy over the entire operating temperature range.

Since Pg is less than Pogvax), Rg = 11.8 Q is all right for the power dissipation.

Thermal Calculation

Application and environmental design for ACPL-336J needs to ensure that the junction temperature of the internal
ICs and LED within the gate driver optocoupler do not exceed 125 °C. The following equations calculate the maximum
power dissipation effect on junction temperatures.

LED Junction Temperature, Tg = Aga*Pe + Ag*P) + Ago*Po + Ta
=176.1 °C/W *25 mW + 35.4 °C/W *33 mW + 33.1 °C/W *307.6 mW + 95 °C
=110.7 °C
Input IC Junction Temperature, T) = Ag*Pg + Aja*P) + Ajp*Po + Ta
=35.4°C/W *25 mW + 92 °C/W *33 mW + 25.6*307.6 mW + 95 °C
=106.8 °C
Output IC Junction Temperature, To = Ago*Pg + Ajo*P1 + Aoa*Po + Ta
=33.1 °C/W *25 mW + 25.6 °C/W *33 mW + 76.7*307.6 mW + 95 °C
=1203°C
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DESAT Diode and DESAT Threshold

The DESAT diode's function is to conduct forward current, allowing sensing of the IGBT's saturated collector-to-emitter
voltage, Vcesat, (When the IGBT is "on") and to block high voltages (when the IGBT is "off").

When the IGBT is switching off and toward the end of the forward conduction of the DESAT diode, a reverse current
will flow for short time. This reverse recovery effect prevents the diode from achieving its blocking capability until the
mobile charge in the junction is depleted. During this time, there is commonly a very high dVcg/dt voltage ramp rate
across the IGBT'’s collector-to-emitter. This results in Icyarge = Cp-DesaT X dVcg/dt charging current which will charge
the blanking capacitor, Cg  ank. To minimize this charging current and avoid false DESAT triggering, it is best to use fast-
response diodes.

In the recommended application circuit shown in Figure 20, the voltage on pin 14 (DESAT) is VpgsaT = VF + Vcg, where VE
is the forward ON voltage of Dpgsar and Vg is the IGBT collector-to-emitter voltage. The value of Vg that triggers DESAT
to signal a FAULT condition is nominally 7 V — V. If desired, this DESAT threshold voltage can be decreased by using
multiple DESAT diodes or low-voltage Zener diode in series. If n is the number of DESAT diodes, the nominal threshold
value becomes Vcg rauLt(tH) =7 V — n X V. If a Zener diode is used, the nominal threshold value becomes Vg pauLT(TH) = 7
V - Vg —Vz.When using two diodes instead of one, then diodes with half of the total required maximum reverse-voltage
rating may be chosen.

Vee, [16] Vee, [16]
Vie [15] Vieo [15] 10V Zener
1kQ  Dzener  Doesar 1N5925A 1kQ  Dpgsar
DESAT DESAT |14} T 1 WP
CaLank * *
" Ve [} :
Schottky ?% — Ve
Diode Q1 -
MBR0540
Figure 25. DESAT diode and DESAT threshold Figure 26. False fault prevention diodes

DESAT Pin Protection Resistor

The freewheeling of flyback diodes connected across the IGBTs can have large instantaneous forward voltage transients
that greatly exceed the nominal forward voltage of the diode. This may result in a large negative voltage spike on the
DESAT pin, which will draw substantial current out of the driver if protection is not used. To limit this current to levels that
will not damage the driver IC, make sure a 1 kQ resistor is inserted in series with the DESAT diode.

False Fault Prevention Diodes

A situation that may cause the driver to generate a false fault signal is if the substrate diode of the driver becomes
forward biased. This can happen if the reverse recovery spikes coming from the IGBT freewheeling diodes bring the
DESAT pin below Ground. Therefore, the DESAT pin voltage will be ‘brought’ above the threshold voltage. This negative
going voltage spikes are typically generated by inductive loads or reverse recovery spikes of the IGBT/MOSFETs free-
wheeling diodes. To prevent a false fault signal, it is highly recommended that you connect a Zener diode and a Schottky
diode across the DESAT pin and Vg pin

Figure 26 shows this circuit solution. The Schottky diode will prevent the substrate diode of the gate driver optocoupler
from being forward biased while the Zener diode (10 V) is used to prevent any positive high transient voltage from
affecting the DESAT pin.
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