ACNW3190

5.0 Amp High Output Current |GBT Gate Drive Optocoupler

Data Sheet

Lead (Pb) Free
RoHS 6 fully
compliant

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

Description

The ACNW3190 contains an AlGaAs LED, which is optically
coupled to an integrated circuit with a power output
stage. This optocoupler is ideally suited for driving power
IGBTs and MOSFETs used in motor control inverter appli-
cations. The high operating voltage range of the output
stage provides the drive voltages required by gate con-
trolled devices. The voltage and high peak output current
supplied by this optocoupler make it ideally suited for
direct driving IGBTs with ratings up to 1200V/200 A, 600
V/300 A. For IGBTs with higher ratings, the ACNW3190
can be used to drive a discrete power stage which drives
the IGBT gate. The ACNW3190 has the highest insula-
tion voltage of Viorm=1414 Vpeak in the IEC/ EN/DIN EN
60747-5-2.

Functional Diagram
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TRUTH TABLE
V- Vee Vee-Vee
“POSITIVE GOING” “NEGATIVE GOING”

LED (i.e., TURN-ON) (i.e., TURN-OFF) Vo

OFF 0-30V 0-30V LOwW

ON 0-11V 0-9.5V LOW

ON 11-135V 9.5-12V TRANSI-
TION

ON 13.5-30V 12-30V HIGH

A 0.1 pF bypass capacitor must be connected between pins 5 and 8.

AvaGo

TECHNOLOGIES

Features

e 5.0 A Maximum Peak Output Current

e 15 kV/us Minimum Common Mode Rejection (CMR) at
Vem = 1500V

e 0.5 V Maximum Low Level Output Voltage (Vor)
Eliminates Need for Negative Gate Drive

e lcc =5 mA Maximum Supply Current

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

o Wide Operating Vcc Range: 15 to 30 Volts

e 500 ns Maximum Switching Speeds

e Industrial Temperature Range: -40°C to 100°C

Safety Approval

UL Recognized
5000 Vims for 1 min.

CSA Approval
IEC/EN/DIN EN 60747-5-2 Approved
Viorm = 1414 Vpeak

Applications

o IGBT/MOSFET Gate Drive

e AC/Brushless DC Motor Drives
e Industrial Inverters

e Switch Mode 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.
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Ordering Information
ACNW3190 is UL Recognized with 5000Vrms for 1T minute per UL1577.

Option Surface Gull Tape IEC/EN/DIN
Part number RoHS Compliant Package Mount Wing & Reel EN 60747-5-2  Quantity
-000E X 42 per tube
ACNW3190 -300E 48%'}2' X X X 42 per tube
-500E X X X X 750 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:

ACNW3190-500E to order product of 400mil DIP Gull Wing Surface Mount package in Tape and Reel packaging with
IEC/EN/DIN EN 60747-5-2 Safety Approval in RoHS compliant.

Example 2:

ACNW3190-000E to order product of 400mil DIP package in tube packaging and RoHS compliant.

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

ACNW3190 Outline Drawing (8-pin Wide Body Package)
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Dimensions in inches (millimeters)

Note:
Floating Lead Protrusion is 0.25 mm (10 mils) max.
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Solder Reflow Temperature Profile
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Dependence of Safety Limiting Values on Temperature
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The Thermal Derating Graph above is in relation to Figure 30 and

Figure 31 and S = 2cm.

Table 1. IEC/EN/DIN EN 60747-5-2 Insulation Characteristics*

175

Regulatory Information

The ACNW3190 is approved by the following organiza-
tions:

IEC/EN/DIN EN 60747-5-2

Approval under:

IEC 60747-5-2:1997 + A1:2002
EN 60747-5-2:2001 + A1:2002
DIN EN 60747-5-2 (VDE 0884 Teil 2):2003-01

uL

Approval under UL 1577, component recognition
program up to Viso = 5000 Vpms expected prior to
product release. File E55361.

CSA

Approval under CSA Component Acceptance Notice #5,
File CA 88324 expected prior to product release.

Description Symbol Characteristic Unit
Installation classification per DIN VDE 0110/1.89, Table 1
for rated mains voltage < 150 Vs -1V
for rated mains voltage < 300 Vims -1V
for rated mains voltage < 450 Vims -1V
for rated mains voltage < 600 Vims -1V
for rated mains voltage < 1000 Vims =1
Climatic Classification 55/100/21
Pollution Degree (DIN VDE 0110/1.89) 2
Maximum Working Insulation Voltage Viorm 1414 Vpeak
Input to Output Test Voltage, Method b**
Viorm x 1.875=Vpg, 100% Production Test with ty=1 sec, Partial discharge < 5 pC VPR 2652 Vpeak
Input to Output Test Voltage, Method a**
Viorm X 1.5=VPR, Type and Sample Test, t,,=60 sec, Partial discharge < 5 pC VPR 2121 Vpeak
Highest Allowable Overvoltage (Transient Overvoltage tjni = 10 sec) ViotT™m 8000 Vpeak
Safety-limiting values
- maximum values allowed in the event of a failure, also see Figure 2.
Case Temperature Ts 150 °C
Input Current Is, INPUT 400 mA
Output Power Ps, output 800 mw
Insulation Resistance at Ts, Vio = 500V RS >109 Q

* |solation 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 60747-5-2, for a detailed description of Method a and Method b partial discharge test profiles.
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Table 2. Insulation and Safety Related Specifications

Parameter Symbol  ACNW3190  Units Conditions

Minimum External Air Gap L(101) 9.6 mm Measured from input terminals to output terminals,

(Clearance) shortest distance through air.

Minimum External Tracking L(102) 10.0 mm Measured from input terminals to output terminals,

(Creepage) shortest distance path along body.

Minimum Internal Plastic Gap 1.0 mm Through insulation distance conductor to conductor,

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

Tracking Resistance CTl >200 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 -40 100 °C

Output IC Junction Temperature T 150 °C

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 7 5 \Y

“High” Peak Output Current lOH(PEAK) 5.0 A 2
“Low” Peak Output Current loL(PEAK) 5.0 A 2
Total Output Supply Voltage (Vcc - Ver) -0.5 35 Vv

Input Current (Rise/Fall Time) trN) / N 500 ns

Output Voltage Vo(PEAK) -0.5 Vce \Y

Output IC Power Dissipation Po 800 mW

Total Power Dissipation Pr 850 mW 4
Lead Solder Temperature 260°C for 10 sec., 1.6 mm below seating plane

Solder Reflow Temperature Profile See Package Outline Drawings section

Table 4. Recommended Operating Conditions

Parameter Symbol Min. Max. Units Note
Operating Temperature Ta -40 100 °C

Output Supply Voltage (Ve - Ver) 15 30 Y

Input Current (ON) IFoN) 10 16 mA

Input Voltage (OFF) VF(OFF) -36 0.8 \"

6
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Table 5. Electrical Specifications (DC)

Unless otherwise noted, all typical values are at Ta = 25°C, Vcc - Veg = 30V, Vgg = Ground; all Minimum/Maximum speci-
fications are at Recommended Operating Conditions (Ta = -40 to 100°C, Iron) = 10 to 16 mA, VForF) =-3.6 t0 0.8V, Vcc
=151t0 30V, Vgg = Ground)

Parameter Symbol Min.  Typ. Max. Units Test Conditions Fig. Note

High Level Output Current loH 1.0 2.75 A Vo=Vcc-4 2,3,17 5
4.0 A Vo=Vcc-15 2

Low Level Output Current loL 1.0 35 A Vo=Vge+25 56,18 5
4.0 A Vo=VE+15 2

High Level Output Voltage VoH Vec4 V3 \" lo=-100 mA 1,3,19 6,7

Low Level Output Voltage VoL 0.1 0.5 \Y% lo=100 mA 4,6,20

High Level Supply Current lccH 3.0 5.0 mA  Outputopen, lF=7to 16 mA 7,8

Low Level Supply Current lccL 3.0 5.0 mA Output open, VE=-3.0to +0.8V

Threshold Input Current IFLH 3.5 8.0 mA lo=0mA,Vo>5V 9,15, 21

Low to High

Threshold Input Voltage VEHL 0.8 Vv

High to Low

Input Forward Voltage VE 1.2 1.6 195 V [F=10mA 16

Temperature Coefficient AVE/ATp -1.3 mV/°C

of Input Forward Voltage

Input Reverse BVR 5 \ Ir=100 pA

Breakdown Voltage

Input Capacitance N 75 pF f=1MHz,VF=0V

UVLO Threshold Vovior 110 123 135V Vo>5V,IF=10mA 22,28

Vyvio- 95 10.7 12.0
UVLO Hysteresis UVLOyys 1.6

Table 6. Switching Specifications (AC)

Unless otherwise noted, all typical values are at Ta = 25°C, Vcc - Vg = 30V, VEg = Ground; all Minimum/Maximum speci-
fications are at Recommended Operating Conditions (Ta = -40 to 100°C, Iron) = 10 to 16 mA, VF(orr) = -3.6 to 0.8 V,
Vcc =15 to 30V, Vg = Ground).

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Note
Propagation Delay Time tpLH 0.10 0.30 0.50 us Rg=10Q, 10,11,12,14
to High Output Level Cg=10nF, 13,14,23
: - f=10kHz,
Propagation Delay Time tPHL 0.10 030 050 ps Duty Cycle = 50%,
to Low Output Level IF= 10 mA,
Pulse Width Distortion PWD 030 s Vcc=30V 15
Propagation Delay Difference PDD 0.35 Us 35,36 10
Between Any Two Parts (tpHL - tPLH)
Rise Time ty 0.1 us 23
Fall Time tf 0.1 us
UVLO to Turn On Delay tuvLO,0N 0.8 us Vo>5V,I[g=10mA 22
UVLO to Turn Off Delay tUVLO,OFF 0.6 Ms Vo<5V,I[k=10mA
Output High Level Common |CMH| 15 30 kV/us  Ta=25°C,Ip=10to 16 mA, 24 11,12
Mode Transient Immunity Vem = 1500V, Vec =30V
Output Low Level Common |[CML| 15 30 kV/us  Ta=25°C,VE=0V, 11,13
Mode Transient Immunity Vem=1500V,Vcc =30V
7
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Table 7. Package Characteristics

Unless otherwise noted, all typical values are at Ta = 25°C; all Minimum/Maximum specifications are at Recommended

Operating Conditions.

Parameter Symbol Min. Typ. Max. Units  Test Conditions Fig. Note
Input-Output Momentary Viso 5000 VRMS RH < 50%, 8,9
Withstand Voltage* t=1min., Ta=25°C
Input-Output Resistance Ri-o 1012 1013 Q V.0 =500 Vpc, 9
Ta =25°C
10M Vi-0 =500 Vpc,
Ta =100°C
Input-Output Capacitance Cro 0.5 0.6 pF f=1MHz
LED-to-Ambient OLA °C/W 29, 30, 31
Thermal Resistance
LED-to-Detector 6o See Thermal >ee Thermal Model
Thermal Resistance Model Section in Appllcat!on
Notes Section
Detector-to-Ambient Opa

Thermal Resistance

*

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 Avago Technologies Application Note 1074
entitled “Optocoupler Input-Output Endurance Voltage.”

Notes:

1.
2.

© Nou A W

9.
10.
11.

12.

13

Derate linearly above 70°C free-air temperature at a rate of 0.3 mA/ °C.
Maximum pulse width = 10 ps. This value is intended to allow for component tolerances for designs with lg peak minimum = 4.0 A. See
Applications section for additional details on limiting lon peak.

Derate linearly above 70°C free-air temperature at a rate of 4.8 mA/ °C.

Derate linearly above 70°C free-air temperature at a rate of 5.4 mA/ °C.

Maximum pulse width = 50 ps.

In this test Von is measured with a dc load current. When driving capacitive loads Von will approach Vcc as lon approaches zero amps.
Maximum pulse width =1 ms.

In accordance with UL1577, each optocoupler is proof tested by applying an insulation test voltage 26000 Vrms for 1 second (leakage detection

current limit, l.o < 5 pA).

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

The difference between tPHL and tp y between any two ACNW3190 parts under the same test condition.

Pins 1 and 4 need to be connected to LED common.

Common mode transient immunity in the high state is the maximum tolerable dVCM/dt of the common mode pulse, VCM, to assure that the
output will remain in the high state (i.e., Vo > 15.0V).

. Common mode transient immunity in a low state is the maximum tolerable dVCM/dt of the common mode pulse, VCM, to assure that the output

will remain in a low state (i.e, Vo < 1.0 V).

14. This load condition approximates the gate load of a 1200 V/100A IGBT.

15

. Pulse Width Distortion (PWD) is defined as [tPHL-tPLH| for any given device.
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Application Notes

Figure 25 and 26 show two recommended application circuits. Figure 25 show a single power supply gate driver using
the driver’s maximum Vo value of 0.5V. Figure 26 show a dual power supply gate driver circuit which is applicable for
higher power IGBT driving due to the existence of higher miller capacitance in these IGBTs.

7] o
.
2700 - 7)) Vee=15v
2 | 7 * o o o +HVDC
n 3 — 0.ApF | R, .
5V - AN - T AN : — — Vee
| Q'] -
| ) 4 > 3.PHASE
! > g RF‘ULL-DOWN > AC
R <k b A
® — — Vee
v o -HVDC

Figure 25. Recommended LED drive and application circuit

For high side bootstrap driving, note that the bypass capacitor of 0.1uF in parallel with 10uF or above to be connected
across VCC and VEE is important to deliver high peak output current.

13
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Figure 26. ACNW3190typical application circuit with negative IGBT gate drive

Selecting the Gate Resistor (Rg) to minimize IGBT Switch-
ing Losses.

Step 1: Calculate Rg Minimum from the lg, Peak Specification

The IGBT and Rg in Figure 26 can be analyzed as a simple
RC circuit with a voltage supplied by the ACNW3190. The
operating temperature is 100°C.

(VCC _VEE _VOL)

IOLPEAK
(15V +5V —3.5V)
4A

Rg =

~ 4.3Q2

The VOL value of 3.5V in the previous equation is a con-
servative value of VOL at the peak current of 4.0A (see
Figure 6). At lower Rg values the voltage supplied by the
ACNW3190 is not an ideal voltage step. This results in
lower peak currents (more margin) than predicted by this
analysis. When negative gate drive is not used, Vgg in the
previous equation is equal to zero volts.

Step 2: Check the ACNW3190 Power Dissipation and Increase Rg if
Necessary.

The ACNW3190 total power dissipation (PT) is equal to
the sum of the emitter power (PE) and the output power
(PO):

Pr =Pg+Po
Pe =Ig * Vg * Duty Cycle
Po = Po(sias) + Po (swiTCHING)
=lcc * (Vee - Vep) + Esw(Ra, Qa) * f

14
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For the circuit in Figure 26 with Ir (worst case) = 16 mA,
Rg = 4.3Q, Max Duty Cycle = 80%, Qg = 1000 nC, f = 15
kHz and Ta max = 85°C:

Pe =16 MA* 1,95V * 0.8 = 25 mW
Po=3.25mA*20V + 13 * 15 kHz
=65 mW + 195 mW
=260 mW
<728 mW (Povax) @ 85°C = 800 mW-15C*4.8 mW/C)

The value of 3.25 mA for ICC in the previous equation was
obtained by derating the ICC max of 5 mA to ICC max at
100C (see Figure 7).

The above computation shows that the power dissipation
is within the specified limits. However, designers should
verify that the thermal limits have not been violated by
using the thermal model provided in this datasheet. This
thermal model obtained based on JEDEC specification.

PE Parameter Description

I LED Current

Vr LED On Voltage

Duty Cycle Maximum LED Duty Cycle

Po Parameter Description

Icc Supply Current

Vcc Positive Supply Voltage

VEE Negative Supply Voltage

Esw(Rg,Qqg) Energy Dissipated in the HCPL-3120 for

each IGBT Switching Cycle (See Figure
27)

© +HVDC

o -HVDC
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Figure 27. Energy dissipated in the ACWN3190 for each IGBT switching cycle

Under Voltage Lockout Feature

The ACNW3190 contains an under voltage lockout (UVLO)
feature that is designed to protect the IGBT under fault
conditions which cause the ACNW3190 supply voltage
(equivalent to the fully-charged IGBT gate voltage) to
drop below a level necessary to keep the IGBT in a low re-
sistance state. When the ACNW3190 output is in the high
state and the supply voltage drops below the ACNW3190
VUVLO- threshold (9.5 < Vyvio- < 12.0) the optocoupler
output will go into the low state with a typical delay,
UVLO Turn Off Delay, of 0.6 ps. When the ACNW3190
output is in the low state and the supply voltage rises
above the ACNW3190 VyvLo+ threshold (11.0 < Vyyro+ <
13.5) the optocoupler output will go into the high state
(assumes LED is “ON") with a typical delay, UVLO Turn On
Delay of 0.8 ps.
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Figure 28. Under Voltage Lock Out
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Thermal Model

Introduction

For application which requires an output gate current
more than 2A, adequate PCB pad heat-sink must be
provided to dissipate the power loss in the package.
Failure to provide proper heat dissipation will potentially
damage the gate drive after pro-long usage. This thermal
model allows designer to compute the temperature of
the LED and detector.

Definitions
01:Thermal impedance from LED junction to ambient

02:Thermal impedance from LED to detector (output IC)

03:Thermal impedance from detector (output IC) junction
to ambient

Ambient Temperature: Measured approximately 1.25 cm
above the optocoupler, with no forced air.

Description

This thermal model assumes that an 8-pin single-channel
plastic package optocoupler is soldered into a 7.62 cm x
7.62 cm printed circuit board (PCB). The temperature at
the LED and Detector junctions of the optocoupler can
be calculated using the equations below.

ATEA = A11*PE + A12*PD
ATDA = A21*PE + A22*PD
where,

ATEA = Temperature difference between ambient and
LED

ATDA = Temperature difference between ambient and
detector

PE = Power dissipation from LED
PD = Power dissipation from detector

A11, A12, A21, A22 thermal coefficients (units in °C/W)
are functions of the thermal impedances 61, 62, 63 (See
Note 2).

Table 1. Thermal Model-B Coefficient Data (units in °C/W)

S(cm) AN A12,A21 A22

1 2189 39.31 553
200.6 29.8 45

4 198 23.59 41.7

Jedec Specifications A1 A12, A21 A22

low K board 254 50.3 66.8

High K board 151.2 16.72 39.06
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Figure 30. Evaluation thermal board design
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Figure 31. Thermal Coefficient Plot against S

Notes:

1. Maximum junction temperature for above parts: 150 °C.

2. A11=01]| (62+03); A12 = A21 = (81 82) / (B1+ 02 + ©3); A22 = 63|
(62 + 03).
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