ACPL-331)

1.5 Amp Output Current IGBT Gate Driver Optocoupler
with Integrated (Vg) Desaturation Detection, UVLO,
Fault Status Feedback and Active Miller Clamping

Data Sheet

Lead (Pb) Free
RoHS 6 fully
compliant

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

Description

The ACPL-331J is an advanced 1.5 A output current, easy-
to-use, intelligent gate driver which makes IGBT VCE fault
protection compact, affordable, and easy-to implement.
Features such as integrated Vcg detection, under
voltage lockout (UVLO), “soft” IGBT turn-off, isolated
open collector fault feedback and active Miller clamping
provide maximum design flexibility and circuit protec-
tion.

The ACPL-331) contains a AlGaAs LED. The LED is
optically coupled to an integrated circuit with a power
output stage. ACPL-331J is ideally suited for driving
power IGBTs and MOSFETs used in motor control inverter
applications. The voltage and current supplied by these
optocouplers make them ideally suited for directly
driving IGBTs with ratings up to 1200 V and 100 A. For
IGBTs with higher ratings, the ACPL-331J can be used to
drive a discrete power stage which drives the IGBT gate.
The ACPL-331J has an insulation voltage of Viorm = 1230
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Features

e Under Voltage Lock-Out Protection (UVLO)
with Hysteresis

e Desaturation Detection

e Miller Clamping

e Open Collector Isolated fault feedback
e “Soft”IGBT Turn-off

e Fault Reset by next LED turn-on (low to high) after
fault mute period

e Available in SO-16 package

o Safety approvals: UL approved, 5000 Vs for 1
minute, CSA approved, IEC/EN/DIN-EN 60747-5-5
approved Viopm = 1230 Vpeak

Specifications

e 1.5 Amaximum peak output current
e 1.0 Aminimum peak output current

e 250 ns maximum propagation delay over
temperature range

e 100 ns maximum pulse width distortion (PWD)

e 50 kV/ps minimum common mode rejection (CMR)
atVem = 1500V

® lccimax) <5 mA maximum supply current

e Wide Vcc operating range: 15V to 30 V over
temperature range

e 1.0 A Miller Clamp. Clamp pin short to Vgg if not used
e Wide operating temperature range: -40°C to 105°C

Applications
e |solated IGBT/Power MOSFET gate drive
e ACand brushless DC motor drives

e Industrial inverters and Uninterruptible Power Supply
(UPS)

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.




Pin Description Pin  Symbol Description
1 Vs Input Ground
| 1|V V| 16 | 2 Ve Positive input supply voltage. (3.3V to 5.5 V)
3 FAULT Fault output. FAULT changes from a high impedance state
| 2 | Veer Vi | 15 | to a logic low output within 5 ps of the voltage on the
DESAT pin exceeding an internal reference voltage of 6.5 V.
NS § FAULT output is an open collector which allows the FAULT
3 | FAULT
|: DESAT E outputs from all ACPL-331J in a circuit to be connected
together in a “wired OR” forming a single fault bus for inter-
II Vs Ve, | 13 | facing directly to the micro-controller.
4 Vs Input Ground
[[5_| catHooE Ve[12] 5 CATHODE  Cathode
6 ANODE Anode
[[6_| anopE Vour [ 11]
7 ANODE Anode
| 7 | ANODE VCLAMP E 8 CATHODE Cathode
9 VEE Output supply voltage.
| 8 | CATHODE Ve | 9 | 10 VcLAMP Miller clamp

11 Vour Gate drive voltage output

12 VEE Output supply voltage.

13 Vce Positive output supply voltage

14 DESAT Desaturation voltage input. When the voltage on DESAT
exceeds an internal reference voltage of 6.5 V while the
IGBT is on, FAULT output is changed from a high impedance
state to a logic low state within 5 ps.

15 VLED LED anode. This pin must be left unconnected for guaran-
teed data sheet performance. (For optical coupling testing
only)

16 VE Common (IGBT emitter) output supply voltage.

Ordering Information
ACPL-331J is UL Recognized with 5000 Vrms for 1 minute per UL1577.

Option Surface IEC/EN/DIN EN
Part number RoHS Compliant Package Mount Tape& Reel 60747-5-5 Quantity
ACPL-331J -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-331J-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.

Example 2:

ACPL-331J-000E to order product of SO-16 Surface Mount package in tube packaging with IEC/EN/DIN EN

60747-5-5 Safety Approval and RoHS compliant.

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

Remarks: The notation ‘#XXX' is used for existing products, while (new) products launched since 15th July 2001 and
RoHS compliant option will use -XXXE"



Package Outline Drawings
ACPL-331J 16-Lead Surface Mount Package
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Dimensions in inches (millimeters)

Notes: Initial and continued variation in the color of the ACPL-
331J's white mold compound is normal and does note affect device
performance or reliability.

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-331J is approved by the following organizations:

IEC/EN/DIN EN 60747-5-5 uL

Approval under: Approval under UL 1577, component recognition
DIN EN 60747-5-5 (VDE 0884-5):2011-11 program up to VISO = 5000 VRMS. File E55361.

EN 60747-5-5:2011 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 Vs -1V

for rated mains voltage < 300 Vs -1V

for rated mains voltage < 600 Vs -1V

for rated mains voltage < 1000Vyms I=1
Climatic Classification 40/100/21
Pollution Degree (DIN VDE 0110/39) 2
Maximum Working Insulation Voltage VIOrRM 1230 Vpeak
Input to Output Test Voltage, Method b*¥, VPR 2306 Vpeak
Viorm X 1.875=VpR, 100% Production Test with t,=1 sec, Partial discharge < 5 pC
Input to Output Test Voltage, Method a**, VPR 1968 Vpeak
Viorm X 1.6=Vpg, Type and Sample Test, ty=10 sec, Partial discharge < 5 pC
Highest Allowable Overvoltage (Transient Overvoltage tin = 60 sec) ViotTm 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.

Dependence of Safety Limiting Values on Temperature. (take from DS AV01-0579EN Pg.7)
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Table 2. Insulation and Safety Related Specifications

Parameter Symbol ACPL-331) Units Conditions

Minimum External Air L(101) 8.3 mm Measured from input terminals to output terminals,
Gap (Clearance) shortest distance through air.

Minimum External L(102) 8.3 mm Measured from input terminals to output terminals,
Tracking (Creepage) shortest distance path along body.

Minimum Internal 0.5 mm Through insulation distance conductor to conductor,
Plastic Gap (Internal usually the straight line distance thickness between the
Clearance) emitter and detector.

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

(Comparative Tracking

Index)

Isolation Group Illa 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 2
Output IC Junction Temperature T 125 °C 2
Average Input Current IF(avG) 25 mA 1
Peak Transient Input Current IF(TRAN) 1.0 A
(<1 ps pulse width, 300pps)
Reverse Input Voltage VR 5 \
“High” Peak Output Current loH(PEAK) 1.5 A 3
“Low” Peak Output Current loL(PEAK) 1.5 A 3
Positive Input Supply Voltage Ve -0.5 7.0 Vv
FAULT Output Current IFA_ULT 8.0 mA
FAULT Pin Voltage VEAULT -0.5 Vcer %
Total Output Supply Voltage (Vcea - VEr) -0.5 35 Vv
Negative Output Supply Voltage (VE - VEp) -0.5 15 % 6
Positive Output Supply Voltage (Vcea - VE) -0.5 35-(Vg-Vgp) Vv
Gate Drive Output Voltage Vo(PEAK) -0.5 Vcea Y
Peak Clamping Sinking Current Iclamp 1.0 A
Miller Clamping Pin Voltage Vclamp -0.5 Vcer Vv
DESAT Voltage VDESAT Vg VE+ 10 \
Output IC Power Dissipation Po 600 mWwW 2
Input IC Power Dissipation P 150 mW 2
Solder Reflow Temperature Profile See Package Outline Drawings section

Table 4. Recommended Operating Conditions
Parameter Symbol Min. Max. Units Note
Operating Temperature Ta -40 105 °C 2
Total Output Supply Voltage (Vcez - Ver) 15 30 v 7
Negative Output Supply Voltage (Ve - Vp) 0 15 v 4
Positive Output Supply Voltage (Vcea - VE) 15 30 - (VE-VEp) \Y
Input Current (ON) IF(ON) 8 12 mA
Input Voltage (OFF) VE(OFF) -36 0.8 Y




Table 5. Electrical Specifications (DC)

Unless otherwise noted, all typical values at To = 25°C,Vcca -VEg =30V, VE-VEe =0V,
all Minimum/Maximum specifications are at Recommended Operating Conditions.

Parameter Symbol  Min. Typ. Max. Units Test Conditions Fig. Note
FAULT Logic Low VEAULTL 0.1 0.4 \Y; Iraorr = 1.1 mA, Vcer = 5.5V
OutputVoltage 01 04 % IFAUT = 1.1 mA, Ve = 3.3V
FAULT Logic High IFAULTH 0.02 0.5 pA VFAULT = 5.5V, Vccr = 5.5V
Output Current 0002 03 WA Veaur=33V,Vcar =33V
High Level loH -0.3 -0.75 A Vo=V -4 4,18 5
Output Current 1.0 A Vo=Vccr - 15 3
Low Level loL 0.3 0.75 Vo=Vg+25 5,19 5
Output Current 10 Vo = Ve + 15 3
Low Level Output Current loLe 90 140 230 mA Vout-Vee=14V 6
During Fault Condition
High Level Vou Vee-2.9 Vee-2.0 Vv lo =-650 pA 2,4,  7,8,9,
Output Voltage 20 23
Low Level VoL 0.17 0.5 \" lo=100 mA 3,5,
Output Voltage 21
Clamp Pin Threshold ViClamp 2.0 Vv
Voltage
Clamp Low Level lcL 0.21 0.7 A Vo=Vg+ 2.5
Sinking Current
High Level Supply Current lccan 2.5 5 mA lo=0mA 6,7, 9
Low Level Supply Current lccoL 2.5 5 mA lo=0mA 23
Blanking Capacitor IcHG 0.13 -0.24 -0.33 mA Vpesar=2V 8,24 9,10
Charging Current
Blanking Capacitor IDscHG 10 30 mA Vpesar=7.0V 25
Discharge Current
DESAT Threshold VDESAT 6 6.5 7.5 \" Vcea -VE >Vuvio- 9,27 9
UVLO Threshold Vuvio+ 10.5 11.6 12.5 \" Vo>5V 7,9, 11

Vovio- 92 10.3 11.1 Vv Vo<5V 7,9,12
UVLO Hysteresis (Vuvio+ 04 1.3 \"

-Vuvio-)
Threshold Input Current IELH 2.0 6 mA lo=0mA,Vo>5V
Low to High
Threshold Input Voltage VEHL 0.8 "
High to Low
Input Forward Voltage VE 1.2 1.6 1.95 \" IF=10 mA
Temperature Coefficient AVF/ATp -1.3 mV/°C
of Input Forward Voltage
Input Reverse Breakdown BVR 5 Vv IR=10pA
Voltage
Input Capacitance CN 70 pF f=1MHz, V=0V




Table 6. Switching Specifications (AC)

Unless otherwise noted, all typical values at To = 25°C,Vcca -VEg =30V, VE-VEe =0V,
all Minimum/Maximum specifications are at Recommended Operating Conditions.

Parameter Symbol Min. Typ.  Max.  Units  Test Conditions Fig. Note
Propagation Delay Time tPLH 100 180 250 ns Rg=20Q,Cg=5nF, 1,10, 13,15
to High Output Level f=10kHz, 11,12,
Propagation Delay Time touL 100 180 250  ns Duty Cycle = 50%, 13,26
to Low Output Level IF=10mA,Vccz =30V
Pulse Width Distortion PWD -100 20 100 ns 14,17
Propagation Delay Difference (tpyL-tpLn) 150 150 ns 17,16
Between Any Two Parts or PDD
Channels
Rise Time tr 50 ns
Fall Time tr 50 ns
DESAT Sense to 90% VO Delay  tpesaT(90%) 0.15 0.3 ps Cpesat = 100pF, Re=2.1kQ, 14,27, 19
RgZZOQ,ngsnF, 34
Vcco =30V
DESAT Sense to 10% VO Delay  tpesaT(10%) 1.1 1.5 Us CpesaT = 100pF, Re=2.1kQ, 15,16,
Rg=20Q,Cq=5nF, 17,27,
Ve =30V 34
DESAT Sense to Low Level tDESAT(FAULT) 0.25 0.5 ps Cpesar = 100 pF, Rp = 2.1 27,34 18
FAULT Signal Delay kQ, Cr=Open,Rg=20Q,
Cg=5nFVcc2=30V
0.8 Cpesar = 100 pF, RF = 2.1
kQ,Cr=1nF,Rg=20Q,
Cg=5nFVcca =30V
DESAT Sense to DESAT tDESAT(LOW) 0.25 ps Cpesar = 100pF, RF = 2.1 27,34 19
Low Propagation Delay kQ, Rg=20Q, Cy=5nF,
Vcco =30V
DESAT Input Mute tDESAT(MUTE) 5 us 34 20
RESET to High Level FAULT tReseT(FAULT) 0.3 1 2.0 ps CpesaT = 100pF,
Signal Delay Rr=2.1kQ,
Rg=20Q,Cg=5nF,
Vcc1 =55V, Vecp =30V
0.8 1.5 2.5 ps CpesaT = 100pF,
Rr=2.1kQ,
Rg=20Q,Cg=5nF,
Vcc1 =33V, Ve =30V
Output High Level Common |CMy| 15 25 kV/us  Ta=25°C,Ir=10mA 28,29, 21
Mode Transient Immunity Vem=1500V,Vcco =30V, 30,31
RF=2.1kQ, CF=15pF
50 60 Ta=25°C, Ir =10 mA 21,26
Vem = 1500V, Vo =30V,
RF=21kQ,CF=1nF
Output Low Level Common M| 15 25 kV/us  Ta=25°C,VE=0V 28,29, 22
Mode Transient Immunity Vem = 1500V, Ve =30V, 30, 31
RF=2.1kQ, Ck=15pF
50 60 Ta=25°C, Vg =0V

Vem = 1500V, Vo =30V,
RF=2.1kQ,CF=1nF




Table 7. Package Characteristics

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Note
Input-Output Momentary Viso 5000 Vims RH < 50%, t =1 min., 24,25
Withstand Voltage Ta =25°C

Input-Output Resistance Ri-o > 109 Q Vi.o=500V 25
Input-Output Capacitance Co 13 pF freq=1 MHz

Output IC-to-Pins 9 &10 609-10 30 °C/W Ta=25°C

Thermal Resistance

Notes:

1.
2.

N o v ok

©

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.

21.

22.

23.

24,

25.
26.

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

In order to achieve the absolute maximum power dissipation specified, pins 4, 9, and 10 require ground plane connections and may require
airflow. See the Thermal Model section in the application notes at the end of this data sheet for details on how to estimate junction temperature
and power dissipation. In most cases the absolute maximum output IC junction temperature is the limiting factor. The actual power dissipation
achievable will depend on the application environment (PCB Layout, air flow, part placement, etc.). See the Recommended PCB Layout section
in the application notes for layout considerations. Output IC power dissipation is derated linearly at 10 mW/°C above 90°C. Input IC power
dissipation does not require derating.

Maximum pulse width = 10 ps. This value is intended to allow for component tolerances for designs with 10 peak minimum = 1.0 A.

Derate linearly from 2.0 A at +25°C to 1.5 A at +105°C. This compensates for increased lopeak due to changes in VoL over temperature.

This supply is optional. Required only when negative gate drive is implemented.

Maximum pulse width = 50 ps.

See the Slow IGBT Gate Discharge During Fault Condition section in the applications notes at the end of this data sheet for further details.

15V is the recommended minimum operating positive supply voltage (Vcca - Vi) to ensure adequate margin in excess of the maximum Vyyio+
threshold of 12.5 V. For High Level Output Voltage testing, Von is measured with a dc load current. When driving capacitive loads, Von will
approach Vcc as loy approaches zero units.

Maximum pulse width = 1.0 ms.

Once Vg of the ACPL-331J is allowed to go high (Vccz - VE > Vyvio+), the DESAT detection feature of the ACPL-331J will be the primary source of
IGBT protection. UVLO is needed to ensure DESAT is functional. Once Vcc; is increased from 0V to above Vyy o+, DESAT will remain functional
until Vccy is decreased below Vyyio-. Thus, the DESAT detection and UVLO features of the ACPL-331J work in conjunction to ensure constant
IGBT protection.

See the DESAT fault detection blanking time section in the applications notes at the end of this data sheet for further details.

This is the “increasing” (i.e. turn-on or “positive going” direction) of Vcc, - VE

This is the “decreasing” (i.e. turn-off or “negative going” direction) of Vccy - VE

This load condition approximates the gate load of a 1200 V/75A IGBT.

Pulse Width Distortion (PWD) is defined as |tpHL - tpLH| for any given unit.

As measured from If to Vo.

The difference between tpy and tp 1 between any two ACPL-331J parts under the same test conditions.

As measured from ANODE, CATHODE of LED to Vout

This is the amount of time from when the DESAT threshold is exceeded, until the FAULT output goes low.

This is the amount of time the DESAT threshold must be exceeded before VOUT begins to go low, and the FAULT output to go low. This is supply
voltage dependent.

Auto Reset: This is the amount of time when VOUT will be asserted low after DESAT threshold is exceeded. See the Description of Operation
(Auto Reset) topic in the application information section.

Common mode transient immunity in the high state is the maximum tolerable dVcp/dt of the common mode pulse, Ve, to assure that the
output will remain in the high state (i.e., Vo > 15V or FAULT > 2 V).

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

To clamp the output voltage at Vcc - 3 vgg, a pull-down resistor between the output and Vgg is recommended to sink a static current of 650 pA
while the output is high. See the Output Pull-Down Resistor section in the application notes at the end of this data sheet if an output pull-down
resistor is not used.

In accordance with UL 1577, each optocoupler is proof tested by applying an insulation test voltage > 6000 Vrms for 1 second. This test is
performed before the 100% production test for partial discharge (method b) shown in IEC/EN/DIN EN 60747-5-5 Insulation Characteristic Table.
This is a two-terminal measurement: pins 1-8 are shorted together and pins 9-16 are shorted together.

Split resistors network with a ratio of 1:1 is needed at input LED1. See Figure 31.
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Application Information

Product Overview Description

The ACPL-331) is a highly integrated power control
device that incorporates all the necessary components
for a complete, isolated IGBT / MOSFET gate drive circuit
with fault protection and feedback into one SO-16
package. Active Miller clamp function eliminates the
need of negative gate drive in most application and
allows the use of simple bootstrap supply for high side
driver. An optically isolated power output stage drives
IGBTs with power ratings of up to 100 A and 1200 V. A
high speed internal optical link minimizes the propaga-
tion delays between the microcontroller and the IGBT
while allowing the two systems to operate at very large
common mode voltage differences that are common
in industrial motor drives and other power switching
applications. An output IC provides local protection
for the IGBT to prevent damage during over current,
and a second optical link provides a fully isolated fault
status feedback signal for the microcontroller. A built
in “watchdog” circuit, UVLO monitors the power stage
supply voltage to prevent IGBT caused by insufficient
gate drive voltages. This integrated IGBT gate driver is
designed to increase the performance and reliability of
a motor drive without the cost, size, and complexity of a
discrete design.

Two light emitting diodes and two integrated circuits
housed in the same SO-16 package provide the input
control circuitry, the output power stage, and two optical
channels. The output Detector IC is designed manufac-
tured on a high voltage BiCMOS/Power DMOS process.
The forward optical signal path, as indicated by LED1,
transmits the gate control signal. The return optical signal
path, as indicated by LED2, transmits the fault status
feedback signal.

Under normal operation, the LED1 directly controls the
IGBT gate through the isolated output detector IC, and
LED2 remains off. When an IGBT fault is detected, the
output detector IC immediately begins a “soft” shutdown
sequence, reducing the IGBT current to zero in a con-
trolled manner to avoid potential IGBT damage from
inductive over voltages. Simultaneously, this fault status
is transmitted back to the input via LED2, where the fault
latch disables the gate control input and the active low
fault output alerts the microcontroller.

During power-up, the Under Voltage Lockout (UVLO)
feature prevents the application of insufficient gate
voltage to the IGBT, by forcing the ACPL-331J's output
low. Once the output is in the high state, the DESAT (Vcg)
detection feature of the ACPL-331) provides IGBT pro-
tection. Thus, UVLO and DESAT work in conjunction to
provide constant IGBT protection.
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Figure 32. Block Diagram of ACPL-331)

Recommended Application Circuit

The ACPL-331J has an LED input gate control, and an
open collector fault output suitable for wired ‘OR’ ap-
plications. The recommended application circuit shown
in Figure 33 illustrates a typical gate drive implementa-
tion using the ACPL-331J. The following describes about
driving IGBT. However, it is also applicable to MOSFET.
Depending upon the MOSFET or IGBT gate threshold
requirements, designers may want to adjust the VCC
supply voltage (Recommended V¢ = 17.5V for IGBT and
12.5V for MOSFET).

The two supply bypass capacitors (0.1 uF) provide the
large transient currents necessary during a switching
transition. Because of the transient nature of the
charging currents, a low current (5mA) power supply
suffices. The desaturation diode Dpgsar 600V/1200V
fast recovery type, t; below 75ns (e.g. ERA34-10) and
capacitor Cg|aNk are necessary external components for
the fault detection circuitry. The gate resistor Rg serves to
limit gate charge current and controls the IGBT collector
voltage rise and fall times. The open collector fault
output has a passive pull-up resistor Rr (2.1 kQ) and a
1000 pF filtering capacitor, Cr. A 47 kQ pull down resistor
RpuLL-DowN on Vout provides a predictable high level
output voltage (Vop). In this application, the IGBT gate
driver will shut down when a fault is detected and fault
reset by next cycle of IGBT turn on. Application notes are
mentioned at the end of this datasheet.
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Description of Operation

Normal Operation

During normal operation, Vouyrt of the ACPL-331J is con-
trolled by input LED current If (pins 5, 6, 7 and 8), with
the IGBT collector-to-emitter voltage being monitored
through DESAT. The FAULT output is high. See Figure 34.

Fault Condition

The DESAT pin monitors the IGBT Vce voltage. When the
voltage on the DESAT pin exceeds 6.5 V while the IGBT
is on, VOUT is slowly brought low in order to “softly”
turn-off the IGBT and prevent large di/dt induced
voltages. Also Figure 34. Fault Timing diagram activated

is an internal feedback channel which brings the FAULT
output low for the purpose of notifying the micro-con-
troller of the fault condition.

Fault Reset

Once fault is detected, the output will be muted for 5 us
(minimum). All input LED signals will be ignored during
the mute period to allow the driver to completely soft
shut-down the IGBT. The fault mechanism can be reset by
the next LED turn-on after the 5us (minimum) mute time.
See Figure 34.

Reset done
/ during the next

; LED turn-on

FAULT !

- 50% |

|- 1
Coesanrauny
Eoesarwure) ‘ ‘

Figure 34. Fault Timing diagram
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Output Control

The outputs (Vout and FAULT) of the ACPL-331J are con-
trolled by the combination of I, UVLO and a detected
IGBT Desat condition. Once UVLO is not active (Vcca -
VE > Vuyvro), Vour is allowed to go high, and the DESAT
(pin 14) detection feature of the ACPL-331J) will be the
primary source of IGBT protection. Once V¢ is increased
from OV to above VyyiLos, DESAT will remain functional
until Vccy is decreased below Vyyio-. Thus, the DESAT
detection and UVLO features of the ACPL-331J work in
conjunction to ensure constant IGBT protection.

Desaturation Detection and High Current Protection

The ACPL-331J 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 an
optically isolated fault status feedback signal into a single
16-pin surface mount package.

The fault detection method, which is adopted in the
ACPL-331J is to monitor the saturation (collector)
voltage of the IGBT and to trigger a local fault shutdown
sequence if the collector voltage exceeds a predeter-
mined 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-331J 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 over
current threshold is not needed to protect the IGBT.

Slow IGBT Gate Discharge during Fault Condition

When a desaturation fault is detected, a weak pull-down
device in the ACPL-331J output drive stage will turn on
to ‘softly’ turn off the IGBT. This device slowly discharges
the IGBT gate to prevent fast changes in drain current
that could cause damaging voltage spikes due to lead
and wire inductance. During the slow turn off, the large
output pull-down device remains off until the output
voltage falls below Vgg + 2 Volts, at which time the large
pull down device clamps the IGBT gate to Vgg.

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
threshold. This time period, called the DESAT blanking
time is controlled 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 (Cgank), FAULT threshold voltage
(Vpesar), and DESAT charge current (IcHg) as tgLANK =
CBLANK X VDESAT / IcHg. The nominal blanking time with
the recommended 100pF capacitor is 100pF * 6.5V / 240
MA = 2.7 usec.

The capacitance value can be scaled slightly to adjust the
blanking time, though a value smaller than 100 pF is not
recommended. This nominal blanking time represents
the longest time it will take for the ACPL-331J to respond
to a DESAT fault condition. If the IGBT is turned on while
the collector and emitter are shorted to the supply rails
(switching into a short), the soft shut-down sequence
will begin after approximately 3 psec. If the IGBT collector
and emitter are shorted to the supply rails after the IGBT
is already on, the response time will be much quicker due
to the parasitic parallel capacitance of the DESAT diode.
The recommended 100pF capacitor should provide
adequate blanking as well as fault response times for
most applications.

I UVLO(Vcca-VE) DESAT Function Pin 3 (FAULT) Output Vour
ON Active Not Active High Low
ON Not Active Active (with DESAT fault) Low (FAULT) Low
ON Not Active Active (no DESAT fault) High (or no fault) High
OFF Active Not Active High Low
OFF Not Active Not Active High Low
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Under Voltage Lockout

The ACPL-331J Under Voltage Lockout (UVLO) feature is
designed to prevent the application of insufficient gate
voltage to the IGBT by forcing the ACPL-331J output
low during power-up. IGBTs typically require gate
voltages of 15 V to achieve their rated Vcgon) voltage.
At gate voltages below 13V typically, the Vcgon) voltage
increases dramatically, especially at higher currents.
At very low gate voltages (below 10 V), the IGBT may
operate in the linear region and quickly overheat.
The UVLO function causes the output to be clamped
whenever insufficient operating supply (Vcca) is applied.
Once Vccy exceeds Vyylo+ (the positive-going UVLO
threshold), the UVLO clamp is released to allow the
device output to turn on in response to input signals. As
Vcea is increased from 0V (at some level below Vyyio4),
first the DESAT protection circuitry becomes active. As
Vcca is further increased (above VyyLo+), the UVLO clamp
is released. Before the time the UVLO clamp is released,
the DESAT protection is already active. Therefore, the
UVLO and DESAT Fault detection feature work together
to provide seamless protection regardless of supply
voltage (Vcca).

Active Miller Clamp

A Miller clamp allows the control of the Miller current
during a high dV/dt situation and can eliminate the use
of a negative supply voltage in most of the applications.
During turn-off, the gate voltage is monitored and the
clamp output is activated when gate voltage goes below
2V (relative to Vgg). The clamp voltage is Vo +2.5V typ
for a Miller current up to 1100mA. The clamp is disabled
when the LED input is triggered again.

Other Recommended Components

The application circuit in Figure 33 includes an output
pull-down resistor, a DESAT pin protection resistor, a
FAULT pin capacitor, and a FAULT pin pullup resistor and
Active Miller Clamp connection.

Output Pull-Down Resistor

During the output high transition, the output voltage
rapidly rises to within 3 diode drops of Vccy. If the output
current then drops to zero due to a capacitive load, the
output voltage will slowly rise from roughly Vcc2-3(Vgg)
to Vo within a period of several microseconds. To limit
the output voltage to Vcc2-3(Vpg), a pull-down resistor,
RpuLL-DowN between the output and Vgg is recommend-
ed to sink a static current of several 650 YA while the
output is high. Pull-down resistor values are dependent
on the amount of positive supply and can be adjusted
according to the formula, Rpull-down = [Vcc2-3 * (Vee)l /
650 pA.
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Figure 35. Output pull-down resistor.

DESAT Pin Protection Resistor

The freewheeling of flyback diodes connected across
the IGBTs can have large instantaneous forward voltage
transients which 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 substan-
tial current out of the driver if protection is not used. To
limit this current to levels that will not damage the driver
IC, a 100 ohm resistor should be inserted in series with
the DESAT diode. The added resistance will not alter the
DESAT threshold or the DESAT blanking time.
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Figure 36. DESAT pin protection.



Capacitor on FAULT Pin for High CMR

Rapid common mode transients can affect the fault pin
voltage while the fault output is in the high state. A 1000
pF capacitor should be connected between the fault pin
and ground to achieve adequate CMOS noise margins at
the specified CMR value of 50 kV/s.

Other Possible Application Circuit (Output Stage)
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Pull-up Resistor on FAULT Pin

The FAULT pin is an open collector output and therefore
requires a pull-up resistor to provide a high-level signal.
Also the FAULT output can be wire ‘OR’ed together with
other types of protection (e.g. over-temperature, over-
voltage, over-current ) to alert the microcontroller.
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used as secondary gate discharge path. * indicates component required for negative gate drive topology
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Thermal Model

The ACPL-331J is designed to dissipate the majority of
the heat through pins 1, 4, 5 & 8 for the input IC and pins
9 & 12 for the output IC. (There are two Vg pins on the
output side, pins 9 and 12, for this purpose.) Heat flow
through other pins or through the package directly into
ambient are considered negligible and not modeled
here.

In order to achieve the power dissipation specified in
the absolute maximum specification, it is imperative
that pins 5, 9, and 12 have ground planes connected to
them. As long as the maximum power specification is
not exceeded, the only other limitation to the amount
of power one can dissipate is the absolute maximum
junction temperature specification of 125°C. The junction
temperatures can be calculated with the following
equations:

Tji =Pi (Bis + B54) +Ta

Tjo = Po (809,12 + 69,124) + Ta

where P; = power into input IC and P, = power into
output IC. Since 654 and 69,124 are dependent on PCB
layout and airflow, their exact number may not be
available. Therefore, a more accurate method of calcu-
lating the junction temperature is with the following
equations:

Tji = Pi Bis + Tps
Tjo = Po 809,12 + Tpg,12

These equations, however, require that the pin 5 and pins
9, 12 temperatures be measured with a thermal couple
on the pin at the ACPL-331J package edge.

If the calculated junction temperatures for the thermal
model in Figure 39 is higher than 125°C, the pin tem-
perature for pins 9 and 12 should be measured (at the
package edge) under worst case operating environment
for a more accurate estimate of the junction tempera-
tures.

Tji = junction temperature of input side IC

Tjo = junction temperature of output side IC

Tps = pin 5 temperature at package edge

Tpo,12 = pin 9 and 12 temperature at package edge
;5 = input side IC to pin 5 thermal resistance

Tji Tjo
O11=60°C/W O19,12=30°C/W
Tn Tpo, 12
0= 50°C/W*\Z%\ /§/e9, 120= 50°C/W*
Ta

Figure 39. ACPL-331) Thermal Model

Related Application Notes

AN5314 - Active Miller Clamp

AN5324 - Desaturation Fault Detection
AN5315 - “Soft” Turn-off Feature

AN1043 - Common-Mode Noise : Sources and Solutions

049,12 = output side IC to pin 9 and 12 thermal resistance
05 = pin 5 to ambient thermal resistance
09,124 = pin 9 and 12 to ambient thermal resistance

*The 854 and 09,124 values shown here are for PCB layouts with reasonable air flow.
This value may increase or decrease by a factor of 2 depending on PCB layout and/or airflow.

ANO02-0310EN - Plastics Optocoupler Product ESD and Moisture Sensitivity
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