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2.5A Output Current, IGBT Drive Optocoupler with
Desaturation Detection and Isolated Fault Sensing

Features
B High Noise Immunity characterized by common mode
rejection
— 35kV/us Minimum Common Mode Rejection
(Vem = 1500Vpk)
B 2.5A peak output current driving capability for most
1200V/150A IGBT
| Optically isolated fault sensing feedback
B “Soft” IGBT turn-off
B Built-in IGBT protection
— Desaturation detection
— Under voltage lockout protection
W 1,414V (peak) working voltage rating
W 8,000V (peak) transient isolation voltage rating
B Wide supply voltage range from 15V to 30V
— Use of P-Channel MOSFETSs at output stage
enables output voltage swing close to the supply
rail (rail-to-rail output)
| 3.3V/5V, CMOS/TTL compatible inputs
B High Speed
— 500ns max. propagation delay over full operating
temperature range

B Extended industrial temperate range, -40°C to 100°C
temperature range

B Safety and regulatory
— UL1577, 4,243 Vgps for 1 min.
— DIN EN/IEC 60747-5-5
B Rps(on) of 1Q (typ.) offers lower power dissipation

B User configurable: inverting, non-inverting, auto-reset,
auto-shutdown

B 8mm creepage and clearance distances

Applications

W Industrial inverter
B Induction heating
M Isolated IGBT drive

Description

The FOD8316 is an advanced 2.5A Output Current
IGBT Drive Optocoupler, capable of driving most 1200V/
150A IGBTs. It is ideally suited for fast switching driving
of power IGBTs and MOSFETs used in motor control
inverter applications and high performance power
systems. It offers critical protection features necessary
for preventing fault conditions that lead to destructive
thermal runaway of IGBTSs.

It utilizes Fairchild’s patented coplanar packaging
technology, Optoplanar®, and optimized IC design to
achieve high noise immunity, characterized by high
common mode rejection and power supply rejection
specifications.

It consists of an integrated gate drive optocoupler featur-
ing low Rpg(ony CMOS transistors to drive the IGBT from
rail to rail and an integrated high speed isolated feed-
back for fault sensing. The device is housed in a com-
pact 16-pin small outline plastic package which meets
the 8mm creepage and clearance requirements.
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Truth Table

UvLO DESAT
ViN+ ViN- (Vpp2 —VE) Detected? FAULT Vo
X X Active X X Low
X X X Yes Low Low
Low X X X X Low
X High X X X Low
High Low Not Active No High High
Pin Definitions
Pin # Name Description
1 V N+ Non inverting gate drive control input
2 VN- Inverting gate drive control input
3 Vb1 Positive input supply voltage (3V to 5.5V)
4 GND1 Input ground
5 RESET FAULT reset input
6 FAULT Fault output (open drain)
7 ViED1+ LED 1 anode (must be left unconnected)
8 Vi ED1 LED 1 cathode (must be connected to ground)
9 Vss Output supply voltage (negative)
10 Vss Output supply voltage (negative)
11 Vo Gate drive output voltage
12 Vg Source of pull-up PMOS transistor
13 Vpp2 Positive output supply voltage
14 DESAT Desaturation voltage input
15 Vi Ep2+ LED 2 anode (must be left unconnected)
16 Ve Output Supply Voltage/IGBT Emitter
Vine [ 1] 6] Ve
Vin-[ 2] [15] ViEpos
Vpp1 [ 3] 14] DESAT
GND1[ 4] 13] Vpp2
RESET [ 5 [12] Vs
FAULT [ 6 [11] Vo
V0ED1+ E E Vss
Viepi-*[ 8] 9] Vss

*Pin 8 (VL gp1.) is internally connected to Pin 4 (GND1).
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FOD8316 — 2.5A Output Current, IGBT Drive Optocoupler with Desaturation Detection and Isolated Fault Sensing
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Safety and Insulation Ratings
As per DIN EN/IEC 60747-5-5. This optocoupler is suitable for “safe electrical insulation” only within the safety limit
data. Compliance with the safety ratings shall be ensured by means of protective circuits.

Symbol Parameter Min. Typ. Max. | Unit
Installation Classifications per DIN VDE 0110/1.89 Table 1
For Rated Mains Voltage < 150Vrms -V
For Rated Mains Voltage < 300Vrms -1V
For Rated Mains Voltage < 450Vrms -V
For Rated Mains Voltage < 600Vrms -1V
For Rated Mains Voltage < 1000Vrms 1=l
Climatic Classification 40/100/21
Pollution Degree (DIN VDE 0110/1.89) 2
CTI Comparative Tracking Index 175
VpR Input to Output Test Voltage, Method b, 2651 Vpeak
Viorm X 1.875 = VpR, 100% Production Test with
tm = 1 sec., Partial Discharge < 5pC
Input to Output Test Voltage, Method a, 2121 Vpeak
Viorm X 1.5 = VpR, Type and Sample Test with
tm = 60 sec.,Partial Discharge <5 pC
VIorRM Max Working Insulation Voltage 1,414 Vpeak
Viotm Highest Allowable Over Voltage 8000 Vpeak
External Creepage 8 mm
External Clearance 8 mm
Insulation Thickness 0.5 mm
Safety Limit Values — Maximum Values Allowed in the
Event of a Failure
Tcase Case Temperature 150 °C
Ps INpUT Input Power 100 mwW
Ps.outpuT Output Power 600 mW
Rio Insulation Resistance at Tg, V| = 500V 10° Q
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Absolute Maximum Ratings (T, = 25°C unless otherwise specified)
Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be
operable above the recommended operating conditions and stressing the parts to these levels is not recommended.
In addition, extended exposure to stresses above the recommended operating conditions may affect device reliability.
The absolute maximum ratings are stress ratings only.

Symbol Parameter Value Units
Tst Storage Temperature -40 to +125 °C
Topr Operating Temperature -40 to +100 °C

T, Junction Temperature -40 to +125 °C
TsoL Lead Wave Solder Temperature 260 for 10 sec °C
(no solder immersion)
Refer to page 27 for reflow temperature profile.
lzauT Fault Output Current 15 mA
loPEAK) Peak Output Current(") 3 A
Vg —Vsg Negative Output Supply Voltage® Oto15 \%
Vpp2 — VE Positive Output Supply Voltage -0.5to0 35 - (Vg —Vss) \Y
Vo(peak) Gate Drive Output Voltage -0.5t0 35 \Y
Vpp2 — Vss Output Supply Voltage -0.5t0 35 \Y
Vpp1 Positive Input Supply Voltage -0.5t0 6 \%
V|n+ VIN- and VResgT | Input Voltages -0.5 to Vpp1 \Y
VEauLT Fault Pin Voltage -0.5 to Vppq V
Vg Source of Pull-up PMOS Transistor Voltage Vgg + 6.5 to Vppy Vv
VDESAT DESAT Voltage Vg to Vg +11 \Y
PD, Input Power Dissipation(3)(5) 100 mW
PDo Output Power Dissipation*)(®) 600 mwW

Notes:

1. Maximum pulse width = 10us, maximum duty cycle = 0.2%.

2. This negative output supply voltage is optional. It's only needed when negative gate drive is implemented. Refer to
“Dual Supply Operation — Negative Bias at Vss” on page 23.

3. No derating required across temperature range.

»

Derate linearly above 64°C, free air temperature at a rate of 10.2mW/°C

5. Functional operation under these conditions is not implied. Permanent damage may occur if the device is subjected
to conditions outside these ratings.

Recommended Operating Conditions
The Recommended Operating Conditions table defines the conditions for actual device operation. Recommended

operating conditions are specified to ensure optimal performance to the datasheet specifications. Fairchild does not
recommend exceeding them or designing to absolute maximum ratings.

Symbol Parameter Min. Max. Unit
Ta Ambient Operating Temperature -40 +100 °C
Vpp1 Input Supply Voltage®) 3] 5.5 V
Vpp2—Vss | Total Output Supply Voltage 15 30 V
Vg —Vss Negative Output Supply Voltage 0 15 \Y,
Vppz—Ve | Positive Output Supply Voltage(® 15 30— (Vg—Vss) v
Vg Source of Pull-up PMOS Transistor Voltage Vgs+7.5 Vbp2 \Y,
Note:

6. During power up or down, it is important to ensure that VIN+ remains low until both the input and output supply
voltages reaches the proper recommended operating voltages to avoid any momentary instability at the output state.

See also the discussion in the “Time to Good Power” section on page 23.
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Isolation Characteristics
Apply over all recommended conditions, typical value is measured at Tp = 25°C

Electrical Characteristics
Apply over all recommended conditions, typical value is measured at Vppq = 5V, Vpps — Vgg = 30V, Vg —Vgg = 0V,
Tp = 25°C unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Units
Viso Input-Output Isolation Ta = 25°C, R.H.< 50%, t = 1.0min, 4,243 VRrRMs
Voltage ..o < 10uA, 50HZ(NE)O)
Riso Isolation Resistance Vi.o = 500v(") 10" Q
Ciso Isolation Capacitance V.o = 0V, Freq = 1.0MHz(") 1 pF
Notes:

7. Device is considered a two terminal device: Pins 1 to 8 are shorted together and Pins 9 to 16 are shorted together.
8. 4,243 VRMS for 1 minute duration is equivalent to 5,091 VRMS for 1 second duration.
9. The Input-Output Isolation Voltage is a dielectric voltage rating as per UL1577. It should not be regarded as an

input-output continuous voltage rating. For the continuous working voltage rating refer to your equipment level safety
specification or DIN EN/IEC 60747-5-5 Safety and Insulation Ratings Table.

Symbol Parameter Conditions Min. Typ. Max. | Units | Figure
Vin+L> VIN-L, | Logic Low Input Voltages 0.8 \
VRESETL
Vin+H» VIN-H | Logic High Input Voltages 2.0 \
VRESETH
Iin+Ls In-L, | Logic Low Input Currents VN = 0.4V -0.5 -0.001 mA
IRESETL
lzagT | FAULT Logic Low Output Current | Veay T = 0.4V 5.0 12.0 mA | 1,32
Ieagis | FAULT Logic High Output Current | Veauit = Vopi -40 0.002 PA 32
loH High Level Output Current Vo =Vppy -3V -1 -3 A 2,7,33
Vo =Vppy - 6V(10 2.5 A
loL Low Level Output Current Vo =Vgg + 3V 1 3 A 3,34
Vg = Vgg + 6V 25 A
loLp Low Level Output Current During | Vg —Vgg = 14V 90 185 230 mA 4,38
Fault Condition
Vou High Level Output Voltage lo =—100mA(12(13)(14) | v 1.0V | Vg—0.5V VvV |57,35
VoL Low Level Output Voltage lo=100mA 0.1 0.5 \Y 6,8, 35
IbD1H High Level Supply Current Vin+ = Vpp1 = 5.5V, 14 17 mA 9, 36
Vin- = 0V
IoD1L Low Level Supply Current Vin+ = Vin. = 0V, 2 3 mA
Vpp1 = 5.5V
IbD2H High Level Output Supply Current | Vg = Open(14) 1 3 mA | 10, 11,
IppaL Low Level Output Supply Current |V = Open 0.8 2.8 mA 4
IsH High Level Source Current lo = 0mA 0.65 1.5 mA 37
IsL Low Level Source Current lo =0mA 0.6 1.4 mA 37
lgL VE Low Level Supply Current -0.5 -0.2 mA 13,37
len Vg High Level Supply Current -0.5 -0.25 mA
IcHG Blanking Capacitor Charge Vpesar = 2v(14)(15) -0.13 -0.25 -0.37 mA | 12,38
Current
IpscHG Blanking Capacitor Vpesar = 7V 10 36 mA 38
Discharge Current
©2010 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Electrical Characteristics (Continued)
Apply over all recommended conditions, typical value is measured at Vppq = 5V, Vpps — Vgg = 30V, Vg —Vgg = 0V,
Tp = 25°C unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. | Units | Figure
Vuvio+ Under Voltage Lockout Vo >5V @ 25°C 11.5 13.5 \ 15, 29,
(14)
Vovio. Threshold Vo < 5V @ 25°C 9 10 v 39
UVLOpys | Under Voltage Lockout @ 25°C 0.4 1.5 \
Threshold Hysteresis
Vpesar | DESAT Threshold(14) Vpp2 — Ve > Vuvo.-» 6.0 7.0 9.0 Y 16, 38
Vo < 5V
Notes:

10. Maximum pulse width = 10us, maximum duty cycle = 0.2%.
11. Maximum pulse width = 4.99ms, maximum duty cycle = 99.8%.

12. Vop is measured with the DC load current in this testing (Maximum pulse width = 1ms,
Maximum duty cycle = 20%).When driving capacitive loads, Vo will approach Vpp as oy approaches zero units.

13. Positive Output supply voltage (Vpp2 — VE) should be at least 15V. This is to ensure adequate margin in excess of
the maximum Under Voltage Lockout Threshold V;y o+ of 13.5V.

14. When Vpp, — VE > Vyy o and output state Vg of the FOD8316 is allowed to go high, the DESAT detection feature
will be active and will provide the primary source of IGBT protection. UVLO is needed to ensure DESAT detection
is functional.

15. The blanking time, tg_ ank iS adjustable by an external capacitor (Cg| ank) Where tg ank = CeLank * (Voesat/IcHe)

Switching Characteristics

Apply over all recommended conditions, typical value is measured at Vpp1 = 5V, Vpps — Vgg = 30V, Vg - Vgg = 0V,
Tp = 25°C unless otherwise specified.

Symbol Parameter Conditions Min. Typ. | Max. | Units | Figure
tPHL Propagation Delay Time to Rg =10Q, Cg = 10nF, 300 500 ns 17,18,
Logic Low Output{!?) f = 10kHz, 19, 20,
= (16)
tpLH Propagation Delay Time to Duty Cycle = 50% 250 500 ns 21,22,
Logic High Output(18) 40, 48
PWD Pulse Width Distortion, 50 300 ns
| tor — tppl ')
PDD Skew Propagation Delay Difference -350 350 ns
Between Any Two Parts or
ChannelS, ( tPHL - tpLH)(zo)
tr Output Rise Time (10% — 90%) 34 ns | 40,48
tr Output Fall Time (90% — 10%) 34 ns
thesaTo0%) | DESAT Sense to 90% Vg Delay®" | Rg = 100, Cg = 10nF, 850 ns | 23,41
toEsaT(10%) | DESAT Sense to 10% Vg Delay@? | Vbp2 ~Vss =30V 2 3 | ps |24,26,
27, 41
toesaTFAULT) | DESAT Sense to Low Level FAULT 1.8 5 ps | 25,41,
Signal Delay(?? 49
toesaT(Low) | DESAT Sense to DESAT Low 850 ns 41
Propagation Delay(23)
tREseT(FAULT) | RESET to High Level FAULT Signal 3 6 20 ps | 28,42,
Delay(®4 49
PWREsET RESET Signal Pulse Width 1.2 us
tuvLo ON UVLO Turn On Delay(?®) Vppz = 20V in us | 29,43
tuvlooFF | UVLO Turn Off Delay(2®) 1.0ms Ramp 3 us
©2010 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Switching Characteristics (Continued)
Apply over all recommended conditions, typical value is measured at Vppq = 5V, Vpps — Vgg = 30V, Vg —Vgg = 0V,
Tp = 25°C unless otherwise specified.

Symbol Parameter Conditions Min. Typ. | Max. | Units | Figure
tep Time to Good Power(?”) Vppz = 0 to 30V in 30 us | 30,31,
10us Ramp 43
| CMy | Common Mode Transient Ta=25°C, Vppq =5V, 35 50 kV/us | 45, 46
Immunity at Output High Vpp2 = 25V,
Vgs = Ground,
Vem = 1500Vpk(28)
[ CM | Common Mode Transient Ta=25°C, Vpp1 =5V, 35 50 kVius | 44, 47
Immunity at Output Low Vpp2 = 25V,
Vgg = Ground,
Ve = 1500Vpk(29)

Notes:

16. This load condition approximates the gate load of a 1200 V/150A IGBT.

17. tpy. propagation delay is measured from the 50% level on the falling edge of the input pulse(V |+, V|n.) to the 50%
level of the falling edge of the Vg signal. Refer to Figure 48.

18. tpy. propagation delay is measured from the 50% level on the rising edge of the input pulse (V|y+, Vin.) to the 50%
level of the rising edge of the Vg signal. Refer to Figure 48.

19. PWD is defined as | tp — tpL | for any given device.

20. The difference between tpy_and tp 4 between any two FOD8316 parts under same operating conditions, with equal
loads.

21. This is the amount of time the DESAT threshold must be exceeded before V begins to go low. This is supply voltage
dependent. See Figure 49.

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

See Figure 49.

23. This is the amount of time the DESAT threshold must be exceeded before Vg begins to go low, and the FAULT
output to go low. See Figure 49.

24. This is the amount of time from when RESET is asserted low, until FAULT output goes high. See Figure 49.

25.tyyLo on UVLO Turn On Delay is measured from Vy o+ threshold voltage of the output supply voltage (Vpp,) to
the 5V level of the rising edge of the Vg signal.

26. tyyLo orr UVLO Turn Off Delay is measured from Vo threshold voltage of the output supply voltage (Vpp2) to
the 5V level of the falling edge of the Vg signal.

27.tgp Time to Good Power is measured from 13.5V level of the rising edge of the output supply voltage (Vpp») to the
5V level of the rising edge of the Vg signal.

28. Common mode transient immunity at output high state is the maximum tolerable negative dVCM/dt on the trailing
edge of the common mode pulse, V¢, to assure that the output will remain in the high state (i.e., Vo > 15V or
FAULT >2V).

29.Common mode transient immunity at output low state is the maximum positive tolerable dVCM/dt on the leading

edge of the common mode pulse, V¢, to assure that the output will remain in a low state (i.e., Vo < 1.0 V or FAULT
<0.8V).

©2010 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Typical Performance Characteristics

Figure 1. Fault Logic Low Output Current (IpayLTL) VS.

Fault Logic Low Output Voltage (VFauLTL) Figure 2. Output High Current (Ion) vs. Temperature
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Typical Performance Characteristics (Continued)

Figure 7. Output High Voltage (VoR) vs. Figure 8. Output Low Voltage (Vo) vs.
Output High Current (Ion) Output Low Current (IgL)
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Typical Performance Characteristics (Continued)

Figure 13. Supply Current (Ig) vs. Temperature
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Figure 15. Under Voltage Lockout Threshold (VyyLo)
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Typical Performance Characteristics (Continued)

tp — PROPAGATION DELAY (us) tpLH — PROPAGATION DELAY (us)

tpesaT(90%) — DESAT SENSE TO 90% Vo DELAY (us)

Figure 19. Propagation Delay Time to
Logic High Output (tpp H) vs. Temperature
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0.30
=== Vppi=4.5V
= == \pp1=5.0V
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Figure 21. Propagation Delay (tp) vs. Load Capacitance (CL)
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Figure 23. DESAT Sense to 90% Vo (tpEsAT(90%))
vs. Temperature
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Figure 20. Propagation Delay Time to
Logic Low Output (tpyL) vs. Temperature
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Figure 22. Propagation Delay (tp) vs. Load Resistance (RL)
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Figure 24. DESAT Sense to 10% Vg Delay (tpesaT(10%))
vs. Temperature
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vs. Temperature
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Figure 27. DESAT Sense to 10% Vo Delay (tpesaT(10%))
vs. Load Resistance (RL)
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Figure 29. Under Voltage Lockout Threshold Delay (tyyLo)

vs. Temperature
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Figure 25. DESAT Sense to Low Fault Signal Delay (tpesat(FauLT))

Typical Performance Characteristics (Continued)
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Figure 26. DESAT Sense to 10% Vg Delay (tpesaT(10%))
vs. Load Capacitance (C)
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Figure 30.Time to Good Power (tgp)
vs. Supply Voltage (Vpp2)
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Typical Performance Characteristics (Continued)

Figure 31. Time to Good Power (tgp)

vs. Temperature
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Test Circuits

—
IFAULT

VEauLT = 0.4V for IFAULTL
VEauLT = 5.0V for IFAULTH

FOD8316

] Vine Ve|16 - A
ViN- Viep2+
Vo1 DESAT
p— 4 | GND1 Vpp2
RESET Vs
{6 | FAULT Vo

ViED1+ Vss
Viept-* Vss [o ]

*Pin 8 (V_ep1.) is internally connected to pin 4 (GND1).

oA D 10ma

Switch A closed for IFAGLTL
Switch A opened for IFAULTH

Figure 32. Fault Output Current (IlgagrTL) and (lgagry) Test Circuit

*Pin 8 (VL ep1-) is internally connected to pin 4 (GND1).

FOD8316
1] Vine Ve [16 |—9 4
Pulse Gen _L
PW =10us Vin- ViED2+ 0.1uF Ve
Period = 5ms
Vpp+ DESAT
0.1uF 47uF 0.1uF 47uF
GND1 Vpp2
RESET Vg
+
(& | FAULT Vo Osov
VLED1+ Vss
ViEDs-* Vss | 9 ——e
*Pin 8 (VLep1.) is internally connected to pin 4 (GND1).
Figure 33. High Level Output Current (lgy) Test Circuit
FOD8316
L] vine Ve [16 —e *
Pulse Gen _L
PW = 4.99ms Vin- Vi ED2+ 0.1uF Ve
Period = 5ms
Vpp+ DESAT
[ 4 | GND1 Vpp2 [13 —e ° °
RESET Vs
N 0.1uF 47uF +
{6 | FAULT Vo vo @EY
Bl TTTIT
ViED1-" Vss |9} * ® ® ®
0.1uF 47uF

Figure 34. Low Level Output Current (I, ) Test Circuit
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0.1uF

0.1uF

Test Circuits (Continued)

Switch A for Vo test
Switch B for Vg test

]|
TLITI

FOD8316

Ving
Vin_
Voot
GND1
RESET
FAULT
ViED1+

Viep1-”

Ve
VieD2+
DESAT

Vbb2
Vs
Vo

Vss

Vss

*Pin 8 (V_gp1.) is internally connected to pin 4 (GND1).

Figure 35. High Level (Voy) and Low Level (Vo) Output Voltage Test Circuit

Switch A for Ipp1y test
Switch B for Ipp 1| test

(5]
(7

8

FOD8316

ViNg
Vine
Vb1
GND1
RESET
FAULT
ViED1+

Viep1-”

VE
ViED2+
DESAT

Vbb2
Vs
Vo

Vss

Vss

. — — . - —_ —_
o - N w S (9] (o]

*Pin 8 (VL ep1.) is internally connected to pin 4 (GND1).

Figure 36. High Level (Ipp44) and Low Level (Ipp1.) Supply Current Test Circuit

Switch A for Ippon, IsH and IgH test
Switch B for Ippay, Is and Ig_ test

FOD8316

Ving
Vin_
Vbp1
GND1
RESET
FAULT
ViED1+

Viep1-”

Ve
Vi ED2+

DESAT

Vbp2

16 ]

0.1uF

|
<JDD2

Ve

I
s

5]

V,
oVo
-

0.1uF

30V CD

5]

*Pin 8 (VL ep1.) is internally connected to pin 4 (GND1).

Figure 37. High Level (Ippoy), Low Level (Ippz) Output Supply Current,
High Level (Isy), Low Level (I ) Source Current,
Vg High Level (Igy), and Vg Low Level (I ) Supply Current Test Circuit
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—— 5 | RESET

Test Circuits (Continued)

FOD8316
Vine Ve
Vin- ViED2+
0.4pF == V(D) ¢ Vobr DESAT

GND1

ViED1+

Viept-”

Vbp2
Vs

Vo

Vss

Vss
[0 |

[ 0.1uF 2
10nF

—{ 1| Vine
Vine
Vob1
GND1
RESET

FAULT

VLIED1+

a.@ms,

0.1puF =

Viept-”

FOD8316

Ve
ViED2+
DESAT

Vbp2
Vs
Vo

Vss

Vss

*Pin 8 (VL ep1.) is internally connected to pin 4 (GND1).

Figure 38. Low Level Output Current During Fault Conditions (Ig,g), Blanking Capacitor Charge Current (Icyg),
Blanking Capacitor Discharging Current (Ipscyg) and DESAT Threshold (Vpgsat) Test Circuit

0.1yF

DC Sweep
0to 15V
(100 steps)
Parameter
Analyzer

O

*Pin 8 (VL gp1.) is internally connected to pin 4 (GND1).

ViNg
Vi
Vb1
GND1
RESET
FAULT
ViED1+

Viep1-”

FOD8316
Ve

ViED2+
DESAT
Vbb2
Vs

Vo
Vss

Vss

Figure 39. Under Voltage Lockout Threshold (Vyy_o) Test Circuit

*Pin 8 (V_gp1.) is internally connected to pin 4 (GND1).

Rise Time (tg) and Fall Time (tg) Test Circuit

- 1
0.1uF VE
13 | *
VoL l g
Vo
30V
0.1pF

RL
m 10nF

n
[0 + . .

Figure 40. Propagation Delay (tp_n, tpyL), Pulse Width Distortion (PWD),
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04pF —— %V

Low to High

3K

Test Circuits (Continued)

i

VEAULT

FOD8316
Vine VE
Vin- ViED2+
Vo1 DESAT
GND1 Vbp2
RESET Vs
FAULT Vo
ViED1+ Vss
Vieps-* Vss

*Pin 8 (VLep1-) is internally connected to pin 4 (GND1).

0.1pF

L,
_|_

o—@
Y o

=

VEAULT

FOD8316
Vins VE
Vin- ViED2+
Vo1 DESAT
GND1 Vbp2
RESET Vs
FAULT Vo
ViED1+ Vss
Vieps-* Vss

Figure 41. DESAT Sense (tDESAT(QO%)! tDESAT(10%))’ DESAT Fault (tDESAT(m))’ and (tDESAT(LOW)) Test Circuit

16 |

Strobe 8V

0.1uF

1

Ve

0.1uF

*Pin 8 (VLgp1.) is internally connected to pin 4 (GND1).

Figure 42. Reset Delay (tRgseT(FaurT)) Test Circuit

FOD8316
Vinse VE
Vin- ViED2+
Vpp1 DESAT
GND1 Vbb2
RESET Vs
FAULT Vo
ViED1+ Vss
Viepi-* Vss

6

15

0.1pF

Ve

Vo

0.1uF

Vpp2™*

|:| T = |_—_|_. = |_—_|_.
)

*Pin 8 (VLgp1.) is internally connected to pin 4 (GND1).

Figure 43. Under Voltage Lockout Delay (tyy o) and Time to Good Power (tgp) Test Circuit

**1.0ms ramp for tyyLo
10us ramp for tgp

©2010 Fairchild Semiconductor Corporation

FOD8316 Rev. 1.2.0

18

www.fairchildsemi.com

Buisuag j|ne4 paje|os| pue uol}da}ag uoneiniesaqg Yim 1ajdnosoydo aALg 1g9] Quaing indino vs'z — 91L£8Ad04



300pF

Test Circuits (Continued)

Floating GND —

1kQ

T

Floating GND —

*Pin 8 (VL ep1.) is internally connected to pin 4 (GND1).

Figure 45. Common Mode High (CMy) Test Circuit @ LED1 On

FOD8316
Ving VE ’—WL
ViN- ViED2+
Vv DESAT [14 |—# 25V
DD1 2 oF _|_
GND1 Vpp2 [13 |
RESET Vs |12
s iz SCOPE
FAULT Vo L]
10Q
VLED1+ Vss
—__10nF
ViED1-* Vss “
(M
{b 1
Vem
*Pin 8 (V_ep1-) is internally connected to pin 4 (GND1).
Figure 44. Common Mode Low (CM, ) Test Circuit @ LED1 Off
FOD8316
Vine VE E_"—,-L
ViN- ViEp2+ [15 ]
Vo1 DESAT [14 |— 25V
GND1 VDD2 E—(PiAL
0.1uF
RESET Vs [12 |—
~——{6 | FAULT Vo [11] SCOPE
VIED1+ Vss [10 @109
{8 | Viept Vss |9 10nF
(M —‘7
D ps
Vem
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Test Circuits (Continued)

a
<

1kQ

SCOPE

FOD8316
Vine Ve
Vin- ViED2+ |15 — =
Vb1 DESAT 25V
GND1 Vop2 ’_—l;L
> 0.1uF
RESET Vs T
{6 | FAULT Vo
VLED1+ Vss 10Q
Viep1-* Vss |9 | 10nF
(M
{b +
7 Vom = Floating GND

*Pin 8 (VLep1-) is internally connected to pin 4 (GND1).

Figure 46. Common Mode High (CMy) Test Circuit @ LED2 Off

FOD8316
Ving Ve E—_|__
5V ViN- Viepzs [15 -
: T T3] Voo DESAT [12 | 25V 7500
01pF—— | ¢—{ 4 | GND1 Vpp2 E—»_TjL ¥
1KQ N Bt ve 0.1uF [
SCOPE N 6| FAULT Vo [
VLED1+ Vss |10 10Q
SOOpF_[ 1 Vi ves |3 JonE
s 2 I, l
CM = Floating GND

*Pin 8 (VL gp1.) is internally connected to pin 4 (GND1).
Figure 47. Common Mode Low (CM,) Test Circuit @ LED2 On

oV
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Timing Diagrams

ViNg + 25V + 25V
VIN- ov
—_— tR E 41 tF -
90%
50%
VO ' 100/0
—  tPtH - tHL

Figure 48. Propagation Delay (tp_n, tpHL), Rise Time (tg) and Fall Time (tg) Timing Diagram

IDESAT (LOW)

50%

~—tRESET (FAULT)

< {DESAT (FAULT)

—> <— tDESAT (90%)
90%
Vo
\10%
~———IDESAT (10%)y——>
FAULT

50% (0.5xVpp1)

Figure 49. Definitions for Fault Reset Input (RESET), Desaturation Voltage Input (DESAT), Output Voltage (V)
and Fault Output (FAULT) Timing Waveforms
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Application Information

FOD8316
E Vine | 16 | ® o
lcz J_C3
2| Vin- Viep2+ [15] 1uF | T 10wF 7 100pF
DESAT
‘-| 3 VDD1 DESAT [ 14 e " e}
5V /i 0.1pF 100Q V_
Qo ;kﬂ (_) T<.-|:4 GND1 Vope [@ - N F at .
a 5 < m VDDZ— 15V ﬁ ﬁ
53H 5| RESET Vs [ ot i y ‘—K} q } q } Voe
) & | FAULT Vo [ - 9 -
- 1 — 3-Phase
-[330PF (7] Viep1+ Vss [10 D1 *)Vss=-8V @ +—— Output
—{5 | Vieps- Vss |-© ¥
i} 4} KT vee
1 *Pin 8 (Vgp1.) is internally connected to pin 4 (GND1). -
)

Figure 50. Recommended Application Circuit

Functional Description

The typical application circuit is shown in Figure 50 and
the functional behavioral of the FOD8316 is illustrated by
the detailed internal schematic shown in Figure 51. This
helps explain the interaction and sequence of internal
and external signals, together with the timing diagrams.

1. Non-Inverting and Inverting Inputs

There are two CMOS/TTL compatible inputs, Vjy+ and
V|n. to control the IGBT, in non-inverting and inverting
configurations respectively. When V. is set to low, V|y+
controls the driver output, Vg, in non-inverting configura-
tion. When V|y+ is set to high, V. controls the driver
output in inverting configuration.

ViED+

VpD1 03—<J>

1 7 Gate Drive
Vine o Optocoupler
ViN- © — o
___ 96 =
FAULT
GND1 ‘
Delay
ViED1- 08;7 Q
R S Fault Sense
5 T l | Optocoupler 5us Pulse
RESET o | f Generator B
.
b
= 15
ViED2+

The relationship between the inputs and output are
illustrated in the Figure 52.

During normal operation, when no fault is detected, the
FAULT output, which is an open-drain configuration, will
be latched to high state. This allows the gate driver to be
controlled by the input logic signal.

When a fault is detected, the FAULT output will be
latched to low state. This condition will remain until the
RESET pin is also pulled low for a period longer than
PWgEeseT. While setting the RESET pin to a low state,
the input pins must be pulled to low to ensure an output
state (Vin+ is low or V). is high).

UVLO Comparator

13
Vooz
12v
12 VS

[
S — e
——— 1

[—

Vo

Vss

Figure 51. Detailed Internal Schematic
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2. Gate Driver Output

A pair of PMOS and NMOS transistors made up the
output driver stage, which facilitates close to rail-to-rail
output swing. This feature allows a tight control of gate
voltage during on-state and short circuit condition. The
output driver is typically capable of sinking 2A and sourc-
ing 2A at room temperature. Due to the low RDS gy of
the MOSFETSs, the power dissipation is reduced as
compared to those bipolar-type driver output stages. The
absolute maximum rating of the output peak current,
lopeak) is 3A, thus the careful selection of the gate
resistor, Rg, is required to limit the short circuit current of
the IGBT.

As shown in Figure 51, the gate driver output is influ-
enced by signals from the photodetector circuitry, the
UVLO comparator and the DESAT signals. Under no
fault condition, normal operation resumes while the sup-
ply voltage is above the UVLO threshold, the output of
the photodetector will drive the MOSFETSs of the output
stage.

The logic circuitry of the output stage will ensure that the
push-pull devices will never be turned “ON” simulta-
neously. When the output of the photodetector is high,
the output, Vg will be pulled to high state by turning on
the PMOS. When the output of the photodetector is low,
Vo will be pulled to low state by turning on the NMOS.

When Vpps supply goes below Vo, Which is the des-
ignated ULVO threshold at the comparator, Vg will be
pulled down to low state regardless of photodetector
output.

When desaturation is detected, Vo will turn off slowly as
it is pulled low by the NMOS'™ device, the input to the
Fault Sense circuitry will be latched to high state and
turns on the LED. When Vg goes below 2V, the
NMOS5%X device turns on again, clamping the IGBT
gate firmly to Vgg. The Fault Sense signal will remain
latched in the high state until the LED of the gate driver
circuitry turns off.

3. Desaturation Protection, FAULT Output

Desaturation detection protection ensures the protection
of the IGBT at short circuit by monitoring the collector-
emitter voltage of the IGBT in the half bridge. When the
DESAT voltage goes up and reaches above the
threshold voltage, a short circuit condition is detected
and the driver output stage will execute a “soft” IGBT
turn-off and will be eventually driven low. This sequence
is illustrated in Figure 53. The FAULT open-drain output
is triggered active low to report a desaturation error. It
could only be cleared by activating active low by the
external controller to the RESET input.

The DESAT fault detector should be disabled for a short
time period (blanking time) before the IGBT turns on to
allow the collector voltage to fall below DESAT thresh-
old. This blanking period protects against false trigger of
the DESAT while the IGBT is turning on.

4. “Soft” Turn-Off

The soft turn-off feature ensures the safe turn off of the
IGBT under fault condition. This reduces the voltage
spike on the collector of the IGBT. Without this, the IGBT
would see a heavy spike on the collector and hence
resulting in a permanent damage to the device when it's
turned off immediately.

5. Under Voltage Lockout

Under voltage detection prevents the application of
insufficient gate voltage to the IGBT. This could be dan-
gerous, as it would drive the IGBT out of saturation and
into the linear operation where the losses are very high
and quickly overheated. This feature ensures the proper
operating of the IGBTs. The output voltage, Vg, remains
low irregardless of the inputs as long as the supply volt-
age, Vppz2 — Vg, is less than V yo+. When the supply
voltage falls below V yqo., Vo Will go low, as illustrated
in Figure 54.

6. Time to Good Power

At initial power up, the LED is off and the output of the
gate driver should be in the low or off state. Sometimes
race conditions exist that causes the output to follow the
Vp (assuming Vpp, and Vg are connected externally),
until all of the circuits in the output IC have stabilized.
This condition can result in output transitions or tran-
sients that are coupled to the driven IGBT. These
transients can cause the high and low side IGBTs to
conduct shoot-through current that may result in destruc-
tive damage to the power semiconductor devices.
Fairchild has introduced an initial turn-on delay which is
generally regarded as “time to good power”. This delay,
typically 30us, is only present during the initial power-up
of the device. Once powered, the “time to good power”
delay is determined by the delay of the UVLO circuitry. If
the LED is “ON” during the initial turn-on activation, low
to high transition at the output of the gate driver will only
occur 30us after the Vpp, power is applied.

7. Dual Supply Operation — Negative Bias at Vss

The IGBT's off-state noise immunity can be enhanced by
providing a negative gate to emitter bias when the IGBT
is in the off-state. This static off-state bias can be
supplied by connecting a separate negative voltage
source between the Vg (pin 16) and Vgg (pin 9 &10).
Figure 51 illustrates the two distinct grounds. The
primary ground reference is the IGBT's emitter
connection - Vg, pin 16. The under-voltage threshold and
desaturation voltage detection are referenced to the
IGBT’s emitter (Vg) ground.

The recommended application circuit, Figure 50, shows
the interconnection of the Vpp, and Vg supplies. The
IGBT’s gate to emitter voltage is the absolute value sum
of the Vpp, supply and the Vgg reverse bias. The
negative voltage supply at Vgg appears at the gate drive
input, Vo, when the FOD8316 is in the low state. When
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the input drives the output high, the output voltage, Vg,
will have the potential of the Vpp, and Vgg.

Figure 50 shows the operation with a dual or split power
supply. The Vss supply provides the negative gate bias,
and Vppy + Vgg supplies power to the output IC. The
Vss and Vpp, supplies require three power supply
bypass capacitors. These capacitors provide the low
equivalent series resistant (ESR) paths for the
instantaneous gate charging and discharging currents.

Selecting capacitors with low ESR will optimize the
available output current. C3 is a low ESR 1812 style,
10uF, multilayer ceramic capacitor. This capacitor is the
primary filter for the Vss and Vpp, supplies. C1 and C2
are also low ESR capacitors. They provide the primary
gate charge and discharge paths. The Schottky diode,
D1, is connected between Vg and Vgg to protect against
a reverse voltage greater than 0.5V.

: : —y
VIN- 1 1 |
| | | | | | | } [
| | | | | | | | [
| | | | | | [
[ [ | | [ [
e L ] L
} } | ; ; | } | [
| | | | | | | | [
| | | R
Vo | | Lol
| | | | [
Figure 52. Input/Output Relationship
Normal Fault Condition Reset
Operation
VIN- oV
5V
VIN+ oV
RESET —» Bl_lzinking Ll
ime

VoEsaT "]

Vo _\

v

FAULT

Figure 53. Timing Relationship Among Desatuation Voltage (DESAT), Fault Output (FAULT) and
Fault Reset Input (RESET)
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Figure 54. Under Voltage Lockout (UVLO) for Output Side

VuvLo-
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Ordering Information

Part Number Package Packing Method
FOD8316 SO 16-Pin Tube (50 units per tube)
FOD8316R2 SO 16-Pin Tape and Reel (750 units per reel)
FOD8316V SO 16-Pin, DIN EN/IEC 60747-5-5 option Tube (50 units per tube)
FOD8316R2V SO 16-Pin, DIN EN/IEC 60747-5-5 option Tape and reel (750 units per reel)

Marking Information

0

@AII packages are lead free per JEDEC: J-STD-020B standard.

L]

\m%/"
Sssakiy

Feiy

Definitions
Fairchild logo
2 Device number, e.g., ‘8316’ for FOD8316

DIN EN/IEC60747-5-5 Option (only appears on
component ordered with this option)

Plant code, e.g., ‘D’

Last digit year code, e.g., ‘B’ for 2011

Two digit work week ranging from ‘01’ to ‘53’

Lot traceability code

O |N[o|o|

Package assembly code, J
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Temperature (°C) ==p

Reflow Profile

260

Max. Ramp-up Rate = 3°C/S
Tp Max. Ramp-down Rate = 6°C/S

240

220 |1t

|

tp

Tsmax —

200
180

1601 Tsmin —

Preheat Area —

140 1
120 1
100 -
80
60
40 -
20

ts

T
120

Time 25°C to Peak

T
240

Time (seconds) ==

T
360

Profile Freature

Pb-Free Assembly Profile

Temperature Min. (Tsmin)

150°C

Temperature Max. (Tsmax)

200°C

Time (tg) from (Tsmin to Tsmax)

60-120 seconds

Ramp-up Rate (t_ to tp)

3°C/second max.

Liquidous Temperature (T|)

217°C

Time () Maintained Above (T)

60-150 seconds

Peak Body Package Temperature

260°C +0°C /-5°C

Time (tp) within 5°C of 260°C

30 seconds

Ramp-down Rate (Tp to T\)

6°C/second max.

Time 25°C to Peak Temperature

8 minutes max.
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Package Dimensions

0.406 +0.10
4 (10.312+£0.254) —— ™ RECOMMENDED LAND PATTERN

0.295+0.010

0.458 (11.63)
(7.493 + 0.254)

,____________
.

~ [T
® [T

==

0.085
(2.16)  y
0.050 0018 _J L 0.025 (C>1.F>257c;

(1.27) (0.457) (0.64)
0.345+0.100
0.138 £ 0.005 9 (8.763 + 0.254) All leads to be
(3.505 + 0.127) _,\ - coplanar + 0.002

A / \

. . L - (0.203 + 0.076)
Dimensions in inches (millimeters) 0.408 + 0.010 Standoff

(10.363 + 0.254)

Package drawings are provided as a service to customers considering Fairchild components. Drawings may change in any manner
without notice. Please note the revision and/or date on the drawing and contact a Fairchild Semiconductor representative to verify or
obtain the most recent revision. Package specifications do not expand the terms of Fairchild’s worldwide terms and conditions,
specifically the warranty therein, which covers Fairchild products.

Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:
http:/lwww.fairchildsemi.com/packaging/
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.
FAIRCHILD
I
SEMICONDUCTOR®

TRADEMARKS

The following includes registered and unregistered trademarks and service marks, owned by Fairchild Semiconductor and/or its global subsidiaries, and is not

intended to be an exhaustive list of all such trademarks.

2Cool™
AccuPower™
AX-CAPT™*
BitSic™

Build it Now™
CorePLUS™
CorePOWER™
CROSSVOLT™
L™

Current Transfer Logic™
DEUXPEED®
Dual Cool™
EcoSPARK®
EfficientMax™

ESBC™
®

Fairchild®

Fairchild Semiconductor®
FACT Quiet Series™
FACT"

FAST®

FastvCore™

FETBench™
FlashWriter™

FRS™

F-PFS™

FRFET"

Global Power Resource™

GreenBridge™

Green FPS™

Green FPS™ e-Series™

Gimax™

GTO™

IntelliMAX™

ISOPLANAR™

Making Small Speakers Sound Louder
and Better™

MegaBuck™

MICROCOUFLER™

MicroFET™

MicroPak™

MicroPak2™

MillerDrive™

MotionMax™

mWSaver™

OptoHiT™

OPTOLOGIC®

OPTOPLANAR®

®

PowerTrench®

PowerXsm™

Programmable Active Droop™
QFET®

QSTM

Quiet Series™
RapidConfigure™

)T

{

Saving our world, TmWAVKW at a time™
SignalWise™

SmartMax™

SMART START™

Solutions for Your Success™
SPM®

STEALTH™

SuperFET?

SuperSOT™-3
SuperSOT™-6
SuperSOT™-8

SupreMos®

SyncFET™

Sync-Lock™

SYSTEM
GENERAL®*

* Trademarks of System General Corporation, used under license by Fairchild Semiconductor.

The Fower Franchise®

wer

nchise
TinyBoost™
TinyBuck™
TinyCalc™
TinyLogic®
TINYOPTO™
TinyPower™
TinyPWM™
TinyWire™
TranSiC™
TriFault Detect™
TRUECURRENT®*
nSerDes™

Ultra FRFET™
UniFET™

VisualMax™
VoltagePlus™

Des

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE
RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE
SPECIFICATIONS DO NOT EXPAND THE TERMS OF FAIRCHILD'S WORLDWIDE TERMS AND CONDITIONS, SPECIFICALLY THEWARRANTY THEREIN,

WHICH COVERS THESE PRODUCTS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE

EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems which, (a) are
intended for surgical implant into the body or (b) support or sustain
life, and (c) whose failure to perform when properly used in
accordance with instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the user.

2. A critical component in any component of a life support, device, or
system whose failure to perform can be reasonably expected to
cause the failure of the life support device or system, or to affect its

safety or effectiveness.

ANTI-COUNTERFEITING POLICY

Fairchild Semiconductor Comporation's Anti-Counterfeiting Policy. Fairchild's Anti-Counterfeiting Pdlicy is also stated on our extemal website, www fairchildsemi.com,

under Sales Suppoit.

Counterfeiting of semiconductor parts is a growing problem in the industry. All manufacturers of semiconductor products are experiencing counterfeiting of their
parts. Customers who inadvertently purchase counterfeit parts experience many problems such as loss of brand reputation, substandard performance, failed
applications, and increased cost of production and manufacturing delays. Fairchild is taking strong measures to protect ourselves and our customers from the
proliferation of counterfeit parts. Fairchild strongly encourages customers to purchase Fairchild parts either directly from Fairchild or from Authorized Fairchild
Distributors who are listed by country on our web page cited above. Products customers buy either from Fairchild directly or from Authorized Fairchild Distributors
are genuine parts, have full traceability, meet Fairchild's quality standards for handling and storage and provide access to Fairchild's full range of up-to-date technical
and product information. Fairchild and our Authorized Distributors will stand behind all warranties and will appropriately address any warranty issues that may arise.
Fairchild will not provide any warranty coverage or cther assistance for parts bought from Unauthorized Sources. Fairchild is committed to combat this global

problem and encourage our customers to do their part in stopping this practice by buying direct or from authorized distributors.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification

Product Status

Definition

Advance Information

Formative / In Design

Datasheet contains the design specifications for product development. Specifications may change
in any manner without notice.

Preliminary

First Production

Datasheet contains preliminary data; supplementary data will be published at a later date. Fairchild
Semiconductor reserves the right to make changes at any time without notice to improve design.

No Identification Needed

Full Production

Datasheet contains final specifications. Fairchild Semiconductor reserves the right to make
changes at any time without notice to improve the design.

Obsolete

Net In Production

Datasheet contains specifications on a product that is discontinued by Fairchild Semiconductor.
The datasheet is for reference information only.
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