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A AQTE AT316)

#%i® Description

AT31l6) B—AEEERNINREHSRMY , SREEHERIPIRIRRTE. BB IGBT [JRIKNEBERATFERIRT
BAMEMREI— SOP16 &, TIL MABEBFERFSHIZHIRERZED | SHREIRRHKTIRE) 150A/
1200V A9 IGBTs, #ith IC J9 IGBT 2SERRIF , LIBGLEITREAEFEIRIA | SR ARMESRRRTE
REISERSKIRES. RE &)1 BEIRENEREE , LB IGBT HIUMHRIKAIBERENMSR. XM
B% IGBT itk IKzh=8 ETER S BAIKENRAIEREFI AT S,

The AT316J is a highly integrated power control device that incorporates all the necessary components for a
complete, isolated IGBT gate drive circuit with fault protection and feedback into one SOP16 package.TTL
input logic levels allow direct interface with a microcontroller, and an optically isolated power output stage
drives IGBTs with power ratings of up to 150 A and 1200 V. An output IC provides local protection for the
IGBT to prevent damage during over currents, and a second optical link provides a fully isolated fault status
feedback signal for the microcontroller. A built in “watchdog” circuit 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.

514 Features

RAIEERLAER: 2.5A

2.5 A maximum peak output current
ICBTs IREERA Ic = 150 A, Ve = 1200 V

Drive IGBTs up to Ic = 150 A, Ve = 1200 V

YRR | HIERES&RIR

Optically isolated, FAULT status feedback
Iopmaxy <SMA ERABKTEERELE(PWD

Ioomax) < SMA maximum pulse width distortion (PWD)
CMOS / TTL &

CMOS/TTL compatible

RAMEEIEIRF 500ns

500ns maximum propagation delay

IGBT #Rkif

"Soft" IGBT turn-off

ERER S IGBT {RiF

Integrated fail-safe IGBT protection

—Desat (Vce)t@ill

—Desat (V) detection

—{REREBELRIF(UVLO)

—Under Voltage Lock-Out protection (UVLO)
BI{F Ve SEREILS = 30V

Wide operating Vcc range: 15 to 30 Volts
THREE : -40°C~ +110°C

Operating Temperature: 40°C to +110°C
Vew = 1500V B, HARIMHIEIMES 15 kV/us(CMR)
15 kV/ps minimum Common Mode Rejection (CMR) at Vv = 1500V
N BRI SZERE © Viso =5000 Vims

Input-Output Momentary Withstand Voltage: Viso =5000
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[iF Applications

PRES IGBT/IhZ MOSFET #itRkIKzh
Isolated IGBT/Power MOSFET gate drive
R R BRI RN R

AC and brushless DC motor drive
B BAERRIT TR

Renewable energy inverters
Tuli¥Eres

Industrial inverter

RN IES!

Induction heating

FrRLEBIR ( SMPS)

Switch Mode Power Supply (SMPS)
NERTERIR ( UPS)

Uninterruptible power supply (UPS)

F14EFRIEE Package and Schematic Diagram
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S|kM5ER Pin Description

L] wime v [i8]
(=] e Viges |19
3] ween pesat [i4]
o] anos veer [3]
(& | mws vg |33
[ | Fauar vour |11
L7 Yomeis wgp [10]
1 Wi W 1‘
El s o
Pin | Symbol Description
1 VIN+ | FERAEIIIRENEE EHIH (VOUTHERIRIA Noninverting gate drive voltage output (VOUT) control input
2 VIN- | RIBITERshEEERLE ( VOUT ) =i Inverting gate drive voltage output (VOUT) control input
3 VCC1 | [EAMNEBREE. G5VESS5Y) Positive input supply voltage. (4.5V to 5.5 V)
4 GND1 | HiAith Input Ground
FAULT SfmA. ZEFEESAZED 0.1us , §EE | FAULT reset input. A logic low input for at least 0.1 ps, asynchronously
: RESET | fIFAULTEILHE | 7SR VIN, FERELEH resets FAULT output high and enables VIN. Synchronous control of
RESET #8%3F VIN, RESET A5 UVLO &jm., £ RESET relative to VIN is required. RESET is not affected by UVLO.
VOUT SRt RESET A& VOUT, Asserting RESET while VOUT is high does not affect VOUT.
fEiRiat. 3 DESAT HiBHHAEBSERE 7V FAULT output. FAULT changes from a high impedance state to a logic
At , FAULT BliSEHE— NEEIRFTERAHSE , 7£ | low output within 5ps of the voltage on the DESAT pin exceeding an
EAULT | 2US M FAULT B MNSBEIASIEER—NEIER | internal reference voltage of 7V. FAULT output remains low until
6 BB, FAULT M—B1R(E , B2 RESET (g% RESET is brought low. FAULT output is an open collector which allows
. AT316J #9 FAULT faii@— M ERFaiRTEs | the FAULT outputs from all AT316J in a circuit to be connected
FREFRERAIENY FAULTBILL "0 ZASEEX | together in a “wired OR" forming a single fault bus for interfacing
—HEEEIRAL, directly to the micro-controller.
7 VLEDL LED1 fEtR. 9T ARELEUEEMALARE , IW3IHM% | LED1 anode. This pin must be left unconnected for guaranteed data
T R, (UETEENR) sheet performance. (For optical coupling testing only.)
8 VLED1- | LED1PBE#R. %5 |HW/RSiEEERE. LED1 cathode. This pin must be connected to ground.
9 VEE e R E Output supply voltage
10 VEE HIHEEIREBE Output supply voltage
1 VOUT | #iitk3KzhEE Eimt Gate drive voltage output
V) \Ye MR, Positive output supply voltage
13 VCC2 | IEfEIREE Positive output supply voltage
KIBFNEBEEANS [#), 25 DESAT MJEB/E(E IGBT | Desaturation voltage input. When the voltage on DESAT exceeds an
14 DESAT | SiERBIIARESEBE 7V , SEEHHIREET internal reference voltage of 7V while the IGBT is on, FAULT output is
5us PIMEBRRAEE TS Fi— N BIE(EE T, changed from a high impedance state to a logic low state within 5 ps.
15 | VIED2+ LED2 fRtR. A TIRESIREFAMAIMRE | 514, | LED2 anode. This pin must be left unconnected for guaranteed data
MR ANEE, (VAETFEE) sheet performance. (For optical coupling testing only.)
16 VE AHAGBT REHtR) iR E, Common (IGBT emitter) output supply voltage
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FmESin2#N Order Code

AT 316J - UNY - W (V) (Z2)

® O ® @ 6 & O
@ AEMHES Company Code ( AT: B4%% AOTE)
@ F=EZ%! Product Series ( 316J: 316) )
® HEBEZEHY Lead Frame ( Cu: §EHEZE Copper )
@ HIAEEEBY Epoxy Type ( H: o Halogen-free, L: H/7%4R Halogen/Lead-free )
® %R/ Package ( S: SOP)
® U TIERESEE Device Operating Temperature Range ( R EEFRIESEZTH Special Range need to
be filled in or left blank)
@ REBxAFEAES Internal Supplementary Code ( #=F8E&ZH Number or None )

EP=F{F8 Marking Information

Epzeep AV JOBRREERRE
LOGO "A%" denotes LOGO
. EP=eh YT RERED - A2018), B(2019), C(2020)...... "Y" denotes U L U I_
YEAR : A(2018), B(2019), C(2020)...... N
Elzh "WW' (ERES S A\
“WW' denotes Week' s number 31 6J
Bl "N REHAL
“N” denotes the day of the week YWWNH
. B "HY RRETx | MEr-mEx/THmE | It 4=8 —
“H" denotes Halogen-free, when the product has U L L L U J D I:l
halogen/lead-free, leave this blank.
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@ISR Insulation and Safety related specifications

mE oS B By &=
Item Symbol Value Unit Note
TeeEEEs MNaNmElEtE | SOAASEIEREE
. L 83 mm Measured from input terminals to output terminals,
Creepage Distance .
shortest distance path along body.
N MNaNmElgtis |, BEESHREEE
FES[Es . . .
) L 83 mm Measured from input terminals to output terminals,
Clearance Distance shortest distance through air.
IR - 05 RESERFIRNRE 2 BAYEERISE
Insulation Thickness ’ mm Insulation thickness between emitter and detector.
IE{EfREREE
Peak Isolation Voltage Viorm 1500 Vpeak IEC/EN/DIN EN60747-5-5.
BRSRESERE
Transient Isolation Voltage Vior 8000 Viesk IEC/EN/DIN EN60747-5-5.
FRRESFEE
- Viso 5000 Vims For 1 minute.
Isolation Voltage

RFRZ2%] Absolute Maximum Ratings ( Ta=25°C unless otherwise specified )

o s /M b 73 B
Parameter Symbol Min Max Unit
fEFRE
- 12
Storage Temperature Ts > >
TR .
Operating Temperature Ta 40 1o ¢
it 1C L5 T -40 125
Output IC Junction Temperature !
IE{ERLERTT
Peak Output Current bipeak . 25 A
P HR IR
om - 10 mA
Fault Output Current AuLT
ERNBIREIE Vea 05 55
Positive Input Supply Voltage
EPNG] |2 RES
Input Pin Voltages Ving, Vin- and Vreser -0.5 55
R ERREE
Total Output Supply Voltage (Vee2 - Ve 05 30
i EEIREE
SRR (Ve - Ver) -05 15
Negative Output Supply Voltage v
EMfIHEREE
Positive Output Supply Voltage (Veez - V) 05 35 - (Ve - Vee)
HHRIR AR & v 05 Y
Gate Drive Output Voltage olpeak) ‘ cc
SREEREEE
Collector Voltage Ve Ve +5V Veca
DESAT /%
DESAT Voltage Voesar Ve Ve +10
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M #we /Ml Bl [
Parameter Symbol Min Max Unit
it IC THE=ERN 600 W
Output IC Power Dissipation Po - m
RN IC TH=ER0 150 W
Input IC Power Dissipation A B m
HFRHEIESR Recommended Operating Conditions
2 s /M b 73 | By
Parameter Symbol Min Max Unit
TERE 0
Operating Temperature Ta -40 +10 C
BINEETREEE Vees a5 55
Input Supply Voltage
R IR
Total Output Supply Voltage (Vecz - Vee) = 30
i ERIREE v 05 s y
Negative Output Supply Voltage (Ve - Ve :
B FRIRFR
Positive Output Supply Voltage Vecz - Vo) -05 30 - (Ve - Ver)
SREEIRERIE v Ve + 6 v
Collector Voltage c Bt cc
IEESEFRMEER o | . A
Peak high-level output current PH B ’
IE{EEFEFRmERER
Peak low-level output current o | B 25 A
DESAT E8/%
DESAT Voltage Vbesat Ve Ve +10 \Y
it IC ThEeag
Output IC Power Dissipation Po B 600 mw
TEmR ; 50 "
Operating frequency . z
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FatFES%] Electro-optical Characteristics ( DC)

PRIESBIRA |, BEUENEETE Ta = 25°C, Vea = 5V, and Veea - Vee = 30V, Ve - Vee = 0 VUAE ;
B &/ RSB RRIEE TR,
Unless otherwise noted, all typical values at Ta = 25°C, Vcca = 5V, and Veez - Vee =30V, Ve-Vee =0 V;

All Minimum/Maximum specifications are at Recommended Operating Conditions.

28 s Uk BME | summ | BOCE | MU &=t
Parameter Symbol Test Conditions Min Typ Max Units Note
BIEEANRE Vivow Vi 08
Logic Low Input Voltages VReseTL ) . . ’ v .
BIERMNRE Viner Vinn 20
Logic High Input Voltages VRESETH ) ’ . . -
BEERAER T
iﬂ.ﬂﬁﬂj I Ine I Vi = 04V 05 04 ) )
Logic Low Input Current Resern
. . mA
HESZ B HER —
AULTL —
FAULT Logic Low Output Current Vraur = 04V 50 12 - 25
HEEBEEm R
. m. J . - FauLt Vraur = Vea -40 - - pA 26
FAULT Logic High Output Current
EERFEHER Vour = Veez - 4V -0.5 -15 - 1627
High Level Output Current by Vour = Veez - 15V -20 R - Y
A
EFEFRLERR L Vour = Vee + 15V 10 - - 2,7,
Low Level Output Current - Vour = Vee + 40V 25 _ _ 28
HFRRS T ROEFE e HERR
Low Level Output Current During bir Vour - Vee = 14V 90 140 230 mA 3,29
Fault Condition
. bur = -100 mA Vc-35 | Vc-25 _ 4,6,
R PMLBE Y = -650 Ve-15 | Ve-1 30
High Level Output Voltage oH bur = -650 pA = € -
bur =0 - - Ve \ -
{REE IR
Low Level Output Voltage Vou ur = 100 mA . 01 0> > 731
SRR RIRER v v S5y
High Level Input Supply ke e = Heer = > - 16 22
V]N. = 0 \Y
Current 8, 32,
S, 33
KB ERIREE R L Vine =Vin- =0V, 3 1
Low Level Input Supply Current o Vea =55V )
AR mA 9,10,
Vour = - 2.
Output Supply Current kez our= open > > 34,35
REE AR
Low Level Collector Current b bur =0 ) 03 10 13,54
SRR EEBIRER bur =0 - 0.3 13 13,53
High Level Collector Current b bur = -650 pA ) 18 3.0 13, 52
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Ve {RFBSEAHLFRFEIR
Ve Low Level Supply Current

b

0 12, 56

Ve SFE AR
Ve High Level Supply Current

By

-0.14

0 12,35

MR SRR TSR
Blanking Capacitor
Charging Current

Vogsar = 0 -6V, Vpesar
=0-6V,
Ta = 25°C - 100°C

-013

-0.24

-0.33 11, 36

IS FEARRIFEE R
Blanking Capacitor
Discharge Current

bscre

Vpesar =7V

10

30

UVLO &
UVLO Threshold

Vuvio+

F=10mAVour > 5V

116

123

135

Vuvio-

F=10mAVour <5V 9.2 111 124 38

VL0 i Vovios - V 12 v
UVLO Hysteresis Lo = Yuvte- - ) " )

DESAT (&

DESAT Threshold Veez - Ve > Voo 6.0 6.7 75

14, 39

VbEsaT

BABRERRMEES
Threshold input current Low to
high

Eon To = OmA,Vo > 50V _ 20 50 mA ;

BWNRERENSENE
Threshold input voltage High to
low

VF(OFF) Io = OmA, Vo < 5.0V 0.6 - - \% -

FXHHE Switching Specifications ( AC)

PRIESBIRA |, HEMENEERE Ta= 25°C, Vea = 5V, and Veez - Vee = 30V, Ve - Ve = 0 VUG ;
B &/ RSB RRIEE TR,
Unless otherwise noted, all typical values at Ta= 25°C,Vcar = 5V, and Veez - Vee =30V, VE-Vee = 0 V;

All Minimum/Maximum specifications are at Recommended Operating Conditions.

o8 e R ME | pmm | A | RO &

Parameter Symbol Test Conditions Min Typ Max Units Note
Vin BIEK i IR 8] 15 16
Vv to High Level Output tpLH 010 0.30 0.50 17' 18'
Propagation Delay Time 19’ 20’

N N Mus , 2U,
Viv EHEEE i (SRR 40,49
Vin to Low Level Output tomL 010 0.32 0.50 5 0 '
Propagation Delay Time
PSR Rg=100
1T I
Pulse Width Distortion PWD Cg = 10nF, -300 20 300 }
N : f =10 kHz,

EERNRBD ZERIERERE Duty Cycle = 50%
Propagation Delay Difference PDD -100 - 100 -
Between Any Two Parts ns
10%Z= 90%HY_EFHTI8] t 50
10% to 90% Rise Time ' ) ) 20
90%3Z! 10%HY A8 t 50
90% to 10% Fall Time ' - .

www.aotesemi.com
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DESAT E.\F) 90%#9 VOUT 3R . Rg =10 Q 03 05 71 51
DESAT Sense to 90% VOUT Delay DESATIS0%) Cg =10nF : ' '

DESAT E.F 10%3 VOUT 3BR 22,41,
- = 2. 0
DESAT Sense to 10% VOUT Delay toEsaTa0% Veez - Vee = 30V 0 30 51

DESAT & MZEHRER S SR
DESAT Sense to Low Level FAULT toesaT(FAULT) - - 18 5 42, 51
Signal Delay

DESAT #j#£% DESAT {REBEIE
FEIRATIE]

toesatow) - 0.1 0.25 1.0 51
DESAT Sense to DESAT Low
Propagation Delay

DESAT #i:E R TFHIRESIER
H1E tRESET(FAULT) 3 7 20 23,51

DESET to High Level FAULT Signal
Delay

RS SHKTEE

RESET Signal Pulse Width PWreser 01

UVLO | VOUT S3ER
UVLO to VOUT High Delay oo o Veer = 10 ms

44
UVLO E| VOUT AYEZER ¢ ramp 0
UVLO to VOUT Low Delay UVLO OFF .

SR THERSTIE Ta = 25°C,
Output High Level Common [CMy| Vem = 1500V, 15 30 -
Mode Transient Immunity Ve, =30V Vs 45, 46,
R HERESTUNE Ta = 25°C, 47,48
Output Low Level Common Mode [CM| Vew = 1500V, 15 30 -

Transient Immunity Vcez =30V
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BABIRYERERMZE Typical Performance Curves

Fig.1 Output High Current vs. Ambient Temperature Fig.2 Output Low Current vs. Ambient Temperature
2
= a
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- =] EiGa,
E _: | I R i .- <
= Lo = ——
3 E 4
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g 1.2 & == VoutsVEE+15V
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Fig.3 Low Level Output Current During Fault Condition vs. o .
'9-2 Low Level Dutput Lurrent Buning Fault Londition vs Fig4 High Output Voltage Drop vs. Ambient Temperature

Output Voltage
i} -~ 0
:
5o 1S z === [0UT=-650uh
& FE. =
B3 150 LY — 10UT=-100mA
g - =
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Fig.5 Output Low Voltage vs. Ambient Temperature Fig.6 High Output Voltage vs. Output High Current
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Fig.7 Low Output Voltage vs. Output Low Current Fig.8 Supply Current vs. Ambient Temperature.

8 23

g s IEC1IH
s | —i5C B L
E; fooee _J‘,uﬂc E:. zn — ICCIL -H‘.-I‘___“_..---"
B . I P
E ! = 13 __..--'""--"--
3 B e
g 3 10
B Zz
&, o
H a 5
-

]
1] 0.5 1 L5 2 25 -40 =14 20 50 0 1in
Cutput Low Current-l., [A) Ambient Temperature-T,[*C)
Fig.9 Output Supply Current vs. Ambient Temperature Fig.10 Output Supply Current vs. Output Supply Voltage
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Fig.13 Collector Current vs. Output Current
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Distpuat Current-1;,-{mA)

Fig.15 Propagation Delay vs. Ambient Temperature
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Fig.17 Vin to High Propagation Delay vs. Ambient Temperature
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Fig.14 DESAT Threshold vs. Ambient Temperature
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Fig.16 Propagation Delay vs. Supply Voltage
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Fig.18 Vin to Low Propagation Delay vs. Ambient Temperature
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Fig.19 Propagation Delay vs. Load Capacitance

0.35
- 0.3
=
Y
§ oy |—===IBN
= — TEHL
2
3 oz
m
3
= S

01

10 40 70 10

Load Capacitance [nF)

Fig.21 DESAT Sense to 90% VOUT Delay vs. Ambient

Fig.20 Propagation Delay vs. Load Resistance
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Fig.23 DESAT Sense to 10% VOUT Delay vs. Load Capacitance.
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Fig.24 DESAT Sense to 10% VOUT Delay vs. Load Resistance.
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Mt EBEEE Test Circuits Diagrams

Figure 25. Irauir. test circuit

| Vinis VE
Ml 0.9 F. 10 mA

as .,.(:} HE — Ve VieDss
Vieos DEEAT
+—| GHD1 Vees

LR
GR REBET Ve
FAULT Vaur

IFROLY —=

VLED1+ VEE
—{ Viemi- VEE

Figure 27. Ion pulsed test circuit

. Vins Ve 1 j_ =
a1 i
Ev *'FJ‘ —{ Vin- Vieps, J M= =
-|- Ve DESAT v
) +—] GHND1 Yeos —I L0
et WESET ]
‘i | o
FAULT Your | o= | Moov
ViLED1+ VEE -[ l].lpFT
= YieDi- VeE '
Figure 29. Io.f test circuit.
' Viree Ve t T
0.1 I 01 |.F_L
BY "'FJ- —1 ¥in- VLED2+ TG
T Noer DESAT —\1 ¥
i b GHD1 Vooa J EIARTS
Ve
e uT *
FAULT Vour IQ_ (:_:3].”
VLED1+ VEE Tea
"liur BF
—] Viem- Ve
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Figure 26. Iraun test circuit

t Ve L3
L8]

W uE ] Vi ViEDz.
T Ve DESAT
. 1 GHD Yooz
5 RESET A+
FAULT Vour
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Figure 28. Io, pulsed test circuit.
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Figure 30. Vou pulsed test circuit.
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Figure 31. Vo, test circuit.
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Figure 33. Iccu test circuit.

i

—l Vipge YE
01
uE | Vin- VLEDZ+
e Voo DESAT
p={ GND1 Vees
AEGET Ve
FAULT Yaut
ViED1 VEE
—{ Viem- VeE
Figure 35. Iccy test circuit.
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Figure 32. Icciy test circuit.
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Figure 34. Iccon test circuit
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Figure 36. Icn pulsed test circuit.
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Figure 37. Ipscre test circuit. Figure 38. UVLO threshold test circuit
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Figure 43. tréseraur test circuit.

Figure 44. UVLO delay test circuit.
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Figure 45. CMR test circuit, LED2 off. Figure 46. CMR test circuit, LED2 on.
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Figure 47. CMR test circuit, LED1 off. Figure 48. CMR test circuit, LED1 on.
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Figure 49. Vour propagation delay waveforms,

Figure 50. Vour propagation delay waveforms,

noninverting configuration. inverting configuration.
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Figure 51. Desat, Vour, fault, reset delay waveforms.
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BIRVIIRE{RIP IGBT [JIRzIEREE Typical Fault Protected IGBT Gate Drive Circuit

AT316) B— RSB TERAVEREMIRIRENEE | B IGBT By Vo SIRRIFEMERE | BIFLE |, ZTL. AFPUERERA. &
BXESEAN Vee 4, RIEBEE (UVLO ) | IGBT BKBIIRESSIERIRFINEE | IRAMRERALR T RIEMAB R,
The AT316J is an easy-to use, intelligent gate driver which makes IGBT V; fault protection compact, affordable, and easy-
to-implement. Features such as user configurable inputs, integrated Vc; detection, under voltage lockout (UVLO), soft
IGBT turn-off and isolated fault feedback provide maximum design flexibility and circuit protection.
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*THESE COMPOMENTS ARE ORGY RECUE RED WHEN MECATIVE QRFEDRRE DS WAPLEM ENTED.. e

1. HEERASTRYR{EDEE Description of Operation during Fault Condition
DESAT ZiiE1d Doesar #5342 IGBT Ve FBBIE
DESAT terminal monitors the IGBT V¢ voltage through Dpesar.

24 DESAT imHIEB/EEIT 7V B , IGBT [JEBE ( Vour ) BIEMRE
When the voltage on the DESAT terminal exceeds 7 volts, the IGBT gate voltage (Vour) is slowly lowered.

FAULT iR FERT | BRI HRSRATS

FAULT output goes low, notifying the microcontroller of the fault condition.
IEHIRRRENE SR

Microcontroller takes appropriate action.

2. #ithiDH Output Control

AT316) I (Vour #1 FAULT)EH Vin, UVLO FISUZIRY IGBT Desat {F4P4al. SNTFZRFR . AT316) AILADBIER Viv.BL
VinBAERERESAERIE, SRBREREN | Vi BRIFESEF |, FE Vv, SREBREIFRER | Vin DR
KBS |, i Vine . —B UVLO 53(Veez - Ve > Vuwo) . Vour #ASIFRILHEERY , AT316) A9 DESAT #&iThae Rk
IGBT fRIFAYEERIR. UVLO FZHfR DESAT RITIEE. —B Vuvo. > 116V, DESAT 4R THF , BE Vuvo <124V, EIt,
AT316) 9 DESAT #&UF0 UVLO THREEITIE |, LARRCRISEERT IGBT {R4F,

The outputs (Vour and FAULT) of the AT316J are controlled by the combination of Vi, UVLO and a detected IGBT

Desat condition. As indicated inthe below table, the AT316J can be configured as inverting or non-inverting using

the Vin. or Vi inputs respectively. When an inverting configuration is desired, Viy, must be held high and Vi
toggled. When a non-inverting configuration is desired, Vin- must be held low and Vin. toggled. Once UVLO is not
active (Vecz - Ve > Vuwo), Vour is allowed to go high, and the DESAT detection feature of the AT316J) will be the
primary source of IGBT protection. UVLO is needed to ensure DESAT is functional. Once V0. > 116V, DESAT will
remain functional until Vuvo. <124V. Thus, the DESAT detection and UVLO features of the AT316J work in
conjunction to ensure constant IGBT protection.
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Viw Vinn UVLO(Vooz-Ve) Desat condition Detect FAULTB Vour
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

BRRIRI FRFIE(E Typical Application/Operation
1. SR NSHEIFEREN Introduction to Fault Detection and Protection

— RN = P BRAIRREZRESHRBEE | HPASHHEXITIR IGBTs EEEEATRIAE. XEHEREL
AILAD APIREREE | BTRFPERERSEEARSERVRAEGERRER. RTIRESIEERSERIENIES
HFE,  FAAES AT ELARMMRIKA IRV EMER, EHT—FEEERM T | 8T IGBTs MRS IEREN |, &
BUS BRI A . MAHEREASMGIVIEAIETAT | IGBTs 4R , FEEBREIASHRAEBE EAZIEEBEKFE
LE. SRIEINANTFERIESEIRRESRFAZINIA. A THILRIAIRAES | WRSEESERP |, LU SRR
SRR,

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

—FERERIRRIR T SR R R A PSRN DROREE | BigH ik, FrRiITiEe | BERIRTERER |
PRAFIE MRS T B ReIXan=s PRI, XBRVREESE. JEA. BoOPEE. [RIFEMARV IR,
A circuit providing fast local fault detection and shutdown is an ideal solution, but the number of required compon-
ents, board space consumed, cost, and complexity have until now limited its use to high performance drives. The
features which this circuit must have are high speed, low cost, low resolution, low power dissipation, and small size.

2. RUFBEAF{EM Applications Information
AT316) BETHEE. KEREHIKEE, BANBLHZ ANSEEE. IGBT BN, XETLAR— R
IWHESRIRERE— 16 5 |EEHAGRE,
The AT316J 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 shutdown, and an optically isolated
fault status feedback signal into a single 16-pin surface mount package.
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AT316) SR FRIHPENTT A RET i IGBT AUIERD (SRFEMR ) BBIE |, FHESSRBIRE HEN TE R ERRR B ERSIEE
HUMSEIAY. VIR EEEIE(RE IGBT 1G5 BRI | BILLF A ISR E, EREFEARBIMERTEZ
B , 5 IGBT Xk, £ IGBT XUASHAR) |, SUStGNEEIRSRN |, LB ERRN "#iE" 5.

The fault detection method, which is adopted in the AT316J, is to monitor the saturation (collector) voltage of the
IGBT and to trigger a local fault shutdown sequence if the collector voltage exceeds a predetermined threshold. A
small gate discharge device slowly reduces the high short circuit IGBT current to prevent damaging voltage spikes.
Before the dissipated energy can reach destructive levels, the IGBT is shut off. During the off state of the IGBT, the
fault detect circuitry is simply disabled to prevent false ‘fault’ signals.

ANERINFEHHAFRERRENER | BRBRRIFARENE IGBT BBFRLARLEXEA | (B2 RMMRIKANER R RN EE
15 IGBT 83 ¥%iE |, NizmiEBBAM. B EENEEEREE | AT316) BMEEMRIREIEEREAIER T BaERRE
IGBT (9Ih#E, EIEFMENITENS— M EISWHIAERLSE IGBT I |, RABRBNL , Fg— M EBRBERTUR
2T{FTeE. Eit  AEET RTINS BIREIERRF IGBT,

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 AT316)J 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.

3. ¥E¥AVFEEREE Recommended Application Circuit

AT316) EERIEFARAEMRIEHREA | —MEREEFEEAZNI— I FHSSERRERL | ERT "5 BERRN
Fi. B 57 SPRRAGHERF R BB ERIAT 7R AT316) ROBREURIRANERER,

The AT316J has both inverting and non-inverting gate control inputs, an active low reset input, and an open collector
fault output suitable for wired ‘OR’ applications. The recommended application circuit shown in Figure 57 illustrates a
typical gate drive implementation using the AT316J.

P EEIRSE R R A ER(0. LuF) A KBRS AR, BT 7B iEnhBRSIER | — ™M IIEREIR(SmA)BIFHES 7.
DESAT Z#RE7H1 100pF KRR EHIRNIEB ISP AR D E9SNTTH. HRFEERE(L0Q) T IR FeFarEiR | FHzh
IGBT SEFEIRFE/ERY EFHFNTRERTE). FrESERFEREPER HE— oI LRFERE 3.3kQF1—1 330pF ANIEKEEE. Vour B9
A7TKQTRFBE AR — A TR S BB RItHFEE (Vor). FEXENAG , S NEISTERT | IGBT IKshgsElT | B2
MERIEREINEAESREA 2 RERE.

The four supply bypass capacitors (0.1 pF) 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 DESAT diode
and 100pF capacitor are the necessary external components for the fault detection circuitry. The gate resistor (10Q)
serves to limit gate charge current and indirectly control the IGBT collector voltage rise and fall times. The open
collector fault output has a passive 3.3kQ pull-up resistor and a 330 pF filtering capacitor. A 47kQ pulldown resistor
on Vour provides a more predictable high level output voltage (Vow). In this application, the IGBT gate driver will shut
down when a fault is detected and will not resume switching until the microcontroller applies a reset signal.
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Figure 57. Recommended application circuit.
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T8I RSE Behavioral Circuit Schematic

AT316) RIZHEEAT/HERE 60 FAGEEEFRT , ZBEERS AT AT316) WERFIINMESHIEEIERFIFS .
The functional behavior of the AT316J is represented by the logic diagram in Figure 60 which fully describes the
interaction and sequence of internal and external signals in the AT316).

1. 48 IC Input IC

HIEEFRENT |, AMONFHEHSE | #SREiiFma RSP NESES LED £S5, SRR TEERIFRIK
&, NS IRSASRS IGBT Mitkagizsl. taNZsiEnt  MREEFIESImARKMNE. SisEmhIEaREF
BT | (55 LED HegHRinatRE). SiPSBHaEt | EESAS IBMRRMRALE

In the normal switching mode, no output fault has been detected, and the low state of the fault latch allows the input
signals to control the signal LED. The fault output is in the open-collector state, and the state of the Reset pin does
not affect the control of the IGBT gate. When a fault is detected, the FAULT output and signal input are both latched.
The fault output changes to an active low state, and the signal LED is forced off (output LOW). The latched condition
will persist until the Reset pin is pulled low.

2. $H IC Output IC

EAREMS SRR HACRE © LED (SSAUAS |, UVLO FIETE(SS. N5 IGBT SRR NZISME , BtHE
[E&7F UVLO 58 , W LED S5 HIKan=aYimtits. BiEasehB— 1 EURE |, LIRREIHRAY AR L
KEKZAZENSE, MREURIXERTS , T8 LED ST |, iS4 50x DMOS iIREEaphf. WNR1E LED {5
SHEGNE] IGBT XIEHEE  HIRESHHRITFESRETINS. =BAMIRF 50x DMOS IREHER , — MR/
B9 1x DMOS THIREH#HIAGE | RISHRS IGBT MitkilrE. =#tipEE 2V LITRY , 50x DMOS IREBIXIE |, 15 IGBT
IREEFEHIAE Vee L. SIRESHRSUEFESHETRE | B3 LED S5KH.

Three internal signals control the state of the driver output: the state of the signal LED, as well as the UVLO and Fault
signals. If no fault on the IGBT collector is detected, and the supply voltage is above the UVLO threshold, the LED
signal will control the driver output state. The driver stage logic includes an interlock to ensure that the pull-up and
pull-down devices in the output stage are never on at the same time. If an undervoltage condition is detected, the
output will be actively pulled low by the 50x DMOS device, regardless of the LED state. If an IGBT desaturation fault is
detected while the signal LED is on, the Fault signal will latch in the high state. The triple darlington AND the 50x

DMOS device are disabled, and a smaller 1x DMOS pull-down device is activated to slowly discharge the IGBT gate.
When the output drops below two volts, the 50x DMOS device again turns on, clamping the IGBT gate firmly to
Vee. The Fault signal remains latched in the high state until the signal LED turns off.
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Figure 58. Behavioral Circuit Schematic
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Figure 59. Output pull-down resistor Figure 60. DESAT pin protection Figure 61. FAULT pin CMR protection
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3. Rits9aH: Other Recommended Components

57 FRRIN FREBEREIE— N T RIFBRE. —> DESAT SIBMRIFEERE. —> FAULT SIRIEBZ(330pF)F1—1™ FAULT 5|
Fi_EHIEBRE,

The application circuit in Figure 57 includes an output pull-down resistor, a DESAT pin protection resistor, a FAULT
pin capacitor (330pF), and a FAULT pin pull-up resistor.

4. W THIEBESR Output Pull-Down Resistor

B AEE TR |, BHBELNE EFE Ve, FHRIFE 3 M TIREEEDA. REHERESREmES
T, BHBERE VM REE EAHUZE Ve -3(Ve) 5 Ve Z18. AT ERIHBERSIE Ve -3(Ve) [, EiERLIRS
Vee Z[EHE—NTHFEME Reuoown , LAMBTERILH ABFE RIS 650pA ROERTR. THFERERVRTIEREIRINE |
BLURIEAT Rouldown =[Veca-3 *(Vee)]/650pA FHTIEEE,

During the output high transition, the output voltage rapidly rises to within 3 diode drops of V. If the output

current then drops to zero due to a capacitive load, the output voltage will slowly rise from roughly Vcc,-3(Vee) to

Vcez within a period of several microseconds. To limit the output voltage to Vccz-3(Vee), @ pull-down resistor, Reyi-
pown between the output and Vee is recommended to sink a static current of several 650pA 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, Rouii-down = [Vec2-3 * (Vee)] / 650pA.

Copyright © 2023, AOTE All Rights Reserved. Release Date :Nov 1, 2022. www.aotesemi.com

Downloaded From Oneyac.com


https://www.oneyac.com

A AQTE AT316)

5. DESAT 334" DESAT Pin Protection

5 IGBTsIEEIEER —_IRERTEAKNEE —IREERBEEFSENFHSERBE, XA8E=SE DESAT 3| LFER
KERERELE | IIRFRERIFIEREANE | ISAERFBEPERRERR. A 7TRHX M ERREEASIRINERRE
EBAUKFE |, FEBA— 100 EXYBAIRERES DESAT “iIREEREX, X MFTIBAYFEIEAS3E DESAT [S){Ea) DESAT jHizHY
=18

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 substantial current out of the IC if protection is not used. To limit this current
to levels that will not damage the 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.

6. M CMR Y FAULT S|Bi_LA%BZS Capacitor on FAULT Pin for High CMR

LSRRG T RIS | REERSSFNERREE. SiERtithe BNEZ— 330pF BE=R (B 60) , HEE
CMR 79 15kV/ps B , AIEKISEIERT CMOS IREAIR. SEMEIXEIINESE | FERIB S AR ISR IR,
Rapid common mode transients can affect the fault pin voltage while the fault output is in the high state. A 330pF

capacitor (Fig. 60) should be connected between the fault pin and ground to achieve adequate CMOS noise margins
at the specified CMR value of 15kV/ps. The added capacitance does not increase the fault output delay when a

desaturation condition is detected.

7. FAULT 5B EAY E#eBfEER Pull-up Resistor on FAULT Pin

S5 2 — MEBsEiREnY | AEE— LHBERIEHSEHES.
The FAULT pin is an open-collector output and therefore requires a pull-up resistor to provide a high-level signal.

8. XTFM CMR , SRR CMOS B TTL JERDEERE Driving with Standard CMOS/TTL for High CMR

NEEXEEREEANG S REINBENESHEEE CMR (IEERG). YWREREEIFMES | SIS CMR 4
B8, BWASIH Vv A0 VinIBBEINES | AL ERR RS M HaIEIMIEe, SogtaER tRE MR
AENIXANEBES | ANESFEARFTEREEHE. N EFtNERY CMOS B TTL IRFNFERS

Capacitive coupling from the isolated high voltage circuitry to the input referred circuitry is the primary CMR
limitation. This coupling must be accounted for to achieve high CMR performance. The input pins Vin. and Vin. must
have active drive signals to prevent unwanted switching of the output under extreme common mode transient
conditions. Input drive circuits that use pull-up or pull-down resistors, such as open collector configurations, should
be avoided. Standard CMOS or TTL drive circuits are recommended
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Figure 62. Typical input configuration, noninverting Figure 63. Typical Input Configuration, Inverting
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Figure 64. Local shutdown, local reset configuration
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9. AT316J) HANEAIFECER User-Configuration of the AT316J Input Side

Vins o Vin- . FAULT 700 RESET B3 <SR EHAISFRE BRI TRE | BRBUATHEIKENER. AT316) FRFE
BREFHESAERIEEEAAN | ERT " NARSERITESER LB EEFE A,

The Vin+, Vv, FAULT and RESET input pins make a wide variety of gate control and fault configurations possible,

depending on the motor drive requirements. The AT316J has both inverting and noninverting gate control inputs, an
open collector fault output suitable for wired ‘OR’ applications and an active low reset input.

10. AT316) JERA/RIBIEIZRMBA Driving Input pf AT316) in Non-Inverting/Inverting Mode

AT316) RUMIRIXENEE EBHETLAGER Vin A Vin NKIRERABEAFRAE. B 62 s , SFEREIFRAEN |, BT
EEUERERI GNDL | 1§ Vin ISR |, FHHR Vine, 21E 63 Fii , SFEREREN |, VinaEREE Voo IRFES
BB |, FH#E Vine

The Gate Drive Voltage Output of the AT316J can be configured as inverting or non-inverting using the V. and Vi,
inputs. As shown in Figure 62, when a non-inverting configuration is desired, Vy\_ is held low by connecting it to
GND1 and Vy., is toggled. As shown in Figure 63, when an inverting configuration is desired, Viy. is held high by
connecting itto Vcq and Vin- is toggled.

11. JERAMT , FSERMEI Local Shutdown, Local Reset

SNE 64 F | 3 AT316) HtRkIRENesAUEIRELE DRI T4 |, FEASIERER | MUMTESMEHREF , NS
FEAN =R,

As shown in Figure 64, the fault output of each AT316J) gate driver is polled separately, and the individual reset lines
are asserted low independently to reset the motor controller after a fault condition.
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12. 85305 , 2¥RMHI Global-Shutdown, Global Reset

YNE 65 Fivr |, HIREARBIR(ERT | BTG FAULT Sith4PEE! VIN+ |, AJLUS AT316) IREAEHIERER N EnIXET.
T EIEMAIKNEE | &4 AT316) AISEFEEFHIRHIRERE HAT LI — M EAHSIR S & DR —E | Fop— 1 8Em
MRS EE SRR, 2 6 MRIKaIREPRYEHEI—MENZISTER | SRR ESEREERX 6 4> AT316)
MRIKRNRE |, MR L=t — RIS,

As shown in Figure 65, when configured for inverting operation, the AT316J can be configured to shutdown
automatically in the event of a fault condition by tying the FAULT output to VIN+. For high reliability drives, the

open collector FAULT outputs of each AT316J can bewire ‘OR’ ed together on a common fault bus, forming a
single fault bus for interfacing directly to the micro-controller. When any of the six gate drivers detects a fault,

the fault output signal will disable all six AT316J gate drivers simultaneously and thereby provide protection against
further catastrophic failures.

13. BRI Auto-Reset

Figure 65. Global-shutdown, global reset configuration Figure 66. Auto-reset configuration
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Figure 67a. Safe hardware reset for noninverting input Figure 67b. Safe hardware reset for noninverting input
configuration (automatically resets for every Vin. input) configuration
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IGBT IEET{FRY |, MiESHANERFI. RESFES MK RHEMESRRTS |, BEEMERES A"
R ASHESHENT. WNRIISHIESRESN PWM 5 | NIMEHESSTE F XA ES TR —EENL

XMECEDZEHARVEAL LRIF IGBT |, FHET—N"HRE" BHZRIBaIEM. SEmHALIETIEZ" OR "SIt
2  (BEXMEHMELRET  %ESTERATEFEN. WERESE MEMNELRF IGBT , FHET— "R B4Rz
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BEMEE. HEEHATLAEE ke —RREMETEE  BXMESASATI ( BHEE ) BEEPRIEHIER. 24
AT316) IRENBEHMEMAT | FRIEASR/NEFRESHITERER 3ps.

As shown in Figure 66, when the inverting Vin. input is connected to ground (non-inverting configuration), the
AT316J can be configured to reset automatically by connecting RESET to Vin.. In this case, the gate control signal is
applied to the non-inverting input as well as the reset input to reset the fault latch every switching cycle. During
normal operation of the IGBT, asserting the reset input low has no effect. Following a fault condition, the gate driver
remains in the latched fault state until the gate control signal changes to the ‘gate low' state and resets the fault
latch. If the gate control signal is a continuous PWM signal, the fault latch will always be reset by the next time the
input signal goes high. This configuration protects the IGBT on a cycle-by-cycle basis and automatically resets before
the next ‘on’ cycle. The fault outputs can be wire ‘OR’ ed together to alert the micro- controller, but this signal would
not be used for control purposes in this (Auto-Reset) configuration. When the AT316J is configured for Auto-Reset,
the guaranteed minimum FAULT signal pulse width is 3 ps.

14. BHRRRRF(H{THER Resetting Following a Fault Condition
AT ESPRIAE (FAULT BT ) RIRSIERERIFFRIR(E |, RESET 5|t HEET | LIRMAERSIEdiTas
FEE FAULT IitH (S ) . 7EfEE RESET ERIAEREFZAT , WA (VIN) FFRESLMKEHIL (VOL) (K8
RS, XATLIBIHIEHRERGE | B LUBEREELS RESET (FSS5S8EMNESHITEL. XAILUBEHME
FIRRERANE | WAILABSEELSS RESET (S5 GE@IMNESHTREL. E 67a FrAEREmALET | (I
RESET &HZE| VIN+ES#{TReBEmEN. B 67b BRTUMTEE VIN+ / RESETES | EREFI=HIZRAI RESET 55
BNGT -k RS B, B 67c FlE 67d BR 7 BaEAIEHIRENZSEENRIEMANIRE.
To resume normal switching operation following a fault condition (FAULT output low), the RESET pin must first be
asserted low in order to release the internal fault latch and reset the FAULT output (high). Prior to asserting the RESET
pin low, the input (VIN) switching signals must be configured for an output (VOL) low state. This can be handled
directly by the microcontroller or by hardwiring to synchronize the RESET signal with the appropriate input signal.
Figure 67a shows how to connect the RESET to the VIN+ signal for safe automatic reset in the noninverting input
configuration. Figure 67b shows how to configure the VIN+/RESET signals so that a RESET signal from the
microcontroller causes the inputto be inthe “output-off’ ' state. Similarly, Figures 67c and 67d show automatic RESET
and microcontroller RESET safe configurations for the inverting input configuration.

15. FAFECE AT316) ¥8HM RG FTaikBRERR User-Configuration of the AT316J Output Side R; and Optional Resistor R
MREERE Ro ( LARZ Ve 1 Vee ) RIR/INRTE 7 HRFS/FREEEEIR ( Ton, peak F Iorr, reax ) RIRAIE |, EILAIEEIGEELAICED
HEREN IGBT (IR, BEAEMMRFTEREERIEER/NTFHERERIEE (Ion, reac < lorr, peak ) « XIFIXFER | ATLAER
—NEJIERYEERE (R ) #1 Re SRIRSZITE Ion, peax ¥ lorr, peax , MR LA _IRE, 1EAGI , £%E 68, RiZ Re
E&E |, FHEIR lon reak = 0.5 A, Re IERTLAR ARG A&

The value of the gate resistor Rg (along with V¢, and Vi) determines the maximum amount of gate-charging/dis-
charging current (Ion,peak and Iorrpeax) and thus should be carefully chosen to match the size of the IGBT being driven.
Often it is desirable to have the peak gate charge current be somewhat less than the peak discharge current (Ion peak
< brrpeax). For this condition, an optional resistor (Rc) can be used along with Rg to independently determine Ion,peak

and L peac Without using a steering diode. As an example, refer to Figure 68. Assuming that R; is already determined
and that the design Io, peak = 0.5A, the valus of Bc can be esti mat ed inthe following way:

[vec2 = vOH = (VEE)]

Rc+ RG=
_ 1oH,PeAK
_l4v -5y
0.5A
=180
Rc = 8Q
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RABYMERER T chaR N

ATIRS IGBT MHRIKaEER | AJLAEFRAF AR a8 (J1E 69 A7RAY npn/pnp EiMs8). RIBELSEIBAHIERF
EREEAGRES | MBS, A7 ESPREM TREF IGBT AUBXRHMHE | FEARAR VEE FIZheshiEE—" 10nF /Y
BHE |, FHERMHAIAL npn / pnp E4RZIEEA— 1004980, MJD44H11/MIDASH1L IEFRTEA 8A HIE.
D44VH10/ D4A5VH10 iEFTFEA 15A BYFETR.

To increase the IGBT gate drive current, a non-inverting current buffer (such as the npn/pnp buffer shown in Figure
69) may be used. Inverting types are not compatible with the desaturation fault protection circuitry and should be
avoided. To preserve the slow IGBT turn-off feature during a fault condition, a 10nF capacitor should be connected

from the buffer input to VEE and a 10 Q resistor inserted between the output and the common npn/ pnp base. The
MJD44H11/MJD45H11 pair is appropriate for currents up to 8A maximum. The D44VH10/ D45VH10 pair is appropriate
for currents up to 15A maximum.

Figure 67c. Safe hardware reset for inverting input Figure 67d. Safe hardware reset for inverting input
configuration configuration (automatically resets for every VIN- input)
W W
T 5] v T v
W
o LR e e PorPo—{F] vie
3 | Voo 3 | Voo
ue we
E: i e 4 | o E:—_I—_E GHO
REEET] | — i+ meser iy
|FROLT | (=] #mocy | FADLY 8| Faucy
E ViEos 7 | Vieons
D oy s ]
Figure 68. Use of RC to further limit ION, PEAK Figure 69. Current buffer for increased drive current
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17. DESAT Zi%##1 DESAT [@{l DESAT Diode and DESAT Threshold
DESAT ZiRERWFRRSIEIERFER , FTLUAN IGBT BIMEFNEREEMNR- REREBIE. Vesar ( 2 IGBT &TSHBIRESRT ) F
BRI (2 IGBT X0 /). 7E IGBT XUFAAEATIEIA | IGBT SEEBIREIRFHRZ EEEFEIFESM d Vee / dt BBELEF
K, XHFET lenaree ( = Copsar x dVee / dO)FTFRERIR | iZFBREIIGIIREERS Coan BT, AT RERDXM
FeFEEEAT |, EERIRARA DESAT | SRIFERREIIN —RE, & 57 FrmAsfEFR RS |, 5|/ 14 LAJESE( DESAT)
79 Voesar = Vi + Vee , (B Ve 79 Doesar IIERIFFREEE, Ve 79 IGBT RUSSEEAR-REIRFEIE), ik DESAT KHES
FAULT 4 Ve (BB EAR 7V - Ve, AIRFE | AILUBIERZ A DESAT _IRESBECKIE(KiZ DESAT SERE. &
n 73 DESAT “#RENEL , WARFRBHEZEN Veeraurmy = 7V-n x Ve, FEFEARNZIRERE—TIRERBERT | oA
RS A iR AR A EUE B —RI IR E.,
The DESAT diode’ s function is to conduct forward current, allowing sensing of the IGBT' s saturated collector-to-
emitter voltage, Vcesar, (When the IGBT is “on” ) and to block high voltages (when the IGBT is “off" ). During the short
period of time when the IGBT is switching, there is commonly a very high dVc/dt voltage ramp rate across the IGBT' s
collector-to-emitter. This results in Ienarce (= Co-pesar X dVee/dt) charging current which will charge the blanking
capacitor, Cgank. In order to minimize this charging current and avoid false DESAT triggering, it is best to use fast
response diodes. In the recommended application circuit shown in Figure 57, the voltage on pin 14 (DESAT) is Vpesar
= V¢ + Vg, (where VF is the forward ON voltage of Doesar and VCE is the IGBT collector-to-emitter voltage). The
value of Ve which triggers DESAT to signal a FAULT condition, is nominally 7V — Ve If desired, this DESAT threshold
voltage can be decreased by using multiple DESAT diodes in series. If n is the number of DESAT diodes then the
nominal threshold value becomes Vceraurany = 7V — n x Ve In the case of using two diodes instead of one, diodes
with half of the total required maximum reverse-voltage rating may be chosen.

HiE/fmBiEE=EI Power/Layout Considerations

1. TERASUYRIEDEE ( Re AYREHN ) SBMIANE(T Operating Within the Maximum Allowable Power Ratings (Adjusting
Value of R;)
TEEHE Ro{ERY | IR AT316) BUTHFEER AT CEN.
When choosing the value of Rg, it is important to confirm that the power dissipation of the AT316J is within the
maximum allowable power rating.
PATICEM RIS IRE
The steps for doing this are:
Q) HEEINEE R ;
Calculate the minimum desired Rg;
(2) &%E 73 HEZHPNSIFE. (B EHRRHS AT316) FUTIFXEEE vs Re)
Calculate total power dissipation in the part referring to Figure 73. (Average switching energy supplied to AT316J
per cyclevs. R plot)
() BELEH2 PIHEEMA. WIS AT316) IS EEIHERHTIVR, (NRBESEAEFKTE | JERER
= RG BELIHEFXINR  #EELE 2. )
Compare the input and output power dissipation calculated in step #2 to the maximum recommended
dissipation for the AT316J. (If the maximum recommended level has been exceeded, it may be necessary to raise
the value of RG to lower the switching power and repeat step #2.)
plgn | FERE—TEEBR T |, LT ERENBHINERITE

As an example, the total input and output power dissipation can be calculated given the following conditions:

& L)N, MAX "~ 20A
& VCCZ = 18V
4 Vg = -5V

@ fCARRIER = 15 kHz
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SR HRE b IBEHE Re&/IME -

Step 1: Calculate Rg minimum from I, peak specification

ATHEIFBIEE oo, RIRMMRFIIETTE S Vee FIRSE. Eitb , RALUTXRE,
To find the peak charging lo. assume that the gate is initially charged the steady-state value of Vg Therefore apply
the following relationship.
[Von@650uA-(Voy +Vee)]
RG = IOL,PEAK

[Veea-1-(Vor + Vee)]

- IOL,PEAK

18V-1V-(1.5V+(-5V))

2.0A
10.25Q

10.5Q (for a 1% resistor)

(B 70 AT LA, Tou HISERRE T RES MY 7= RO fR] SRS 28 5 L OB i AN [R). Note from Figure 70 that the real value of Ior. may vary
from the value calculated from the simple model shown.)

B2 T8 AT316) FHSIHEE

Step2: Calculate total power dissipation in the AT316J

AT316) BI04 ( Pr ) STBINIRIIER ( Py ) FHAHIRINZR (Po ) 240 :

The AT316J total power dissipation (Pr) is equal to the sum of the input-side power (P) and output-side power (Po):
Pr=R+Py Pt = Ici * Vea

Po = Po@as) + Po,swricH

=k * (VeerVee ) + Eswiren * fswrren
Po (ems) = AT316) FERTHRE SERISIIFE
Po@ias) = steady-state power dissipation in the AT316) due to biasing the device.
Po (swricn) = AT316) FETF IR S I EE MO ARSI E=FERAY
Poswireny = transient power dissipation in the AT316J due to charging and discharging power device gate.
Eswnen =HE—MFREEAR , BRTINZRBMAAIFFRTIFESUE AT316) FAJFIEER( W / cycle ).
Eswncn = Average Energy dissipated in AT316J) due to switching of the power device over one switching cycle
(W/cycle).
IR = TIHORIS SR
fowren = average carrier signal frequency
SIF Ro = 105 , ME 71 chiBUHEE Esncn =605\, [BESBIAER TS La = 165 mA
(A ka0 ko BYFEOELSH ) . EUFFY I = 5.5 mA
For R; = 10.5, the value read from Figure 71 is Eswircn = 6.05 pJ. Assume a worst-case average Icci = 165 mA (which is
given by the average of Iccin and Iecu ). Simiarly the average Icco = 55 mA
P =165 mA* 55V = 908 mW

Po = Pogias) + Po,swrrcH
=55mA* (18V-(-5V)) + 6.051 W * 15 kHz

=1265 mW + 908 mW
= 2173 mW
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$8 3 BT EHNIFES AT316) RUEITRAEH TR
Step 3: Compare the calculated power dissipation with the absolute maximum values for the AT316J:
For the example
P, = 90.8 mW < 150 mW (abs. max.) OK
Py = 217.3 mW < 600 mW (abs. max.) OK
Eitt |, AFREET AR R AREE.

Therefore, the power dissipation absolute maximum rating has not been exceeded for the example.

Figure 70. Typical peak ION and IOFF currents vs. Rg (for Figure 71. Switching energy plot for calculating average Pswitch
AT316J) output driving an IGBT rated at 600 V/100 A) (for AT316J output driving an IGBT rated at 600 V/100 A)
MAX. lgn. kopr ve. GATE RESISTANCE SWITEHING ENERGY ws. GATE RESISTANCE
. Voo / VEpz=25WI5Y N VecalVeea s 28V I8V
] 11 : 11
T — 11
i) s ] |
% | 7 ||
E B 3 st L
z — d
T alperTionmaxy | | |
2 { | [ [T1]
[ 1 EERERERE
3 | | | & L Lt Ll
© 20 40 60 B0 100120140160 180 200 0 50 w00 150 =00
Rg () Ag (1)

ISR Thermal Model

AT316) igiti@EdmA IC RIS IR 4 FliEt IC RIS IR 9 70 10 SkEgh, (ALt | BB Ve 51D , BDS150 970 10 ) BIH
fth3 | FIEGE T HEEESHENINEIRRBOA AT LB AT | AT,

The AT316)J is designed to dissipate the majority of the heat through pins 4 for the input IC and pins 09 and 10 for the
output IC. (There are two VEE pins on the output side, pins 9 and 10, for this purpose.) Heat flow through other pins or
through the package directly into ambient are considered negligible and not modeled here.

7T SEAESTERAFUEHAERITIRE | 5150 4. 970 10 SR, RENMBIRAIIERNE |, 125°CRBIRAEENS
EXTIFERIME—EABRE, ERTBELATANITE

In order to achieve the power dissipation specified in the absolute maximum specification, it is imperative that pins 4, 9,
and 10 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. Thejunction temperatures can be calculated with the following equations:

Ti = Pi(qi4 + g4A) + Ta

Tio = Po (909,10 + q9,10A) + Ta

Hrh Pi =\ ICHIN=R , Po =fith IC AYTH=R, HF q4A 0 q9,10A BURT PCB HBHISIR | EILAREESE el 0
HE. Ft , IR TATEARbITEER |

Where Pi = power into input IC and Po = power into output IC. Since g4A and q9,10A are dependent on PCB layout and
airflow, their exact number may not be available. Therefore, a more accurate method of calculating the junction
temperature is with the following equations:

Ti = Pgia + Tpa

Tio = Pogovz0 + Trg10
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PAM |, IXLETSTRESKA AT316) HEE0455 B EAYAEE(EIES 5 4 #0515 9,10 AUERE

These equations, however, require that the pin 4 and pins 9, 10 temperatures be measured with a thermal couple on the
pin at the AT316J package edge.

MBTHRRITREHEESDIETRD : Pi = 90.8 mW, Po = 314 mW, Ta = 100°C, , {RiHNTE 73 FrnAgiussy

From the earlier power dissipation calculation example: Pi = 90.8 mW, Po = 314 mW, T, = 100°C, and assuming the
thermal model shown in Figure 73 below.

Tji = (90.8 mW)(60°C/W + 50°C/W) + 100°C Tjo = (240 mW)(30°C/W + 50°C/W) + 100°C
= 110°C = 119°C

REHE 125 °C BN RANUSEERN., AT , MREAVRKRIA PCB HRIISBESRABER T | HPLitaI g4A f
q9,10A 79 100°C/W, NIEEEZE/:

Both of which are within the absolute maximum specification of 125°C. If we, however, assume a worst case PCB layout
and no air flow where the estimated g4A and q9,10A are 100°C/W. Then the junction temperatures become:

Tji = (90.8 MW)(60°C/W + 100°C/W) + 100°C Tji = (240 mW)(30°C/W + 100°C/W) + 100°C
= 115°C = 131°C

it IC SEEBIRANME 125°C. EXMERT , FEX PCB ARBMSRHTIRIT | Rt IC FEREARET 125°C.
The output IC junction temperature exceeds the absolute maximum specification of 125°C. In this case, PCB layout and
airflow will need to be designed so that the junction temperature of the output IC does not exceed 125°C.

WNERE 72 hRRERIHTRERET 125°C , ATHEERGIHEE | FEARTSHIITIEME NUE 9 5150 10 5IREIERE
(FEBZINEAL)

If the calculated junction temperatures for the thermal model in Figure 72 is higher than 125°C, the pin temperature for
pins 9 and 10 should be measured (at the package edge) under worst case operating environment for a more accurate
estimate of the junction temperatures.
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Ti =HIN% ICEER

T =junction temperature of input side IC

Figure 72. AT316J thermal model

Tji Th Tio =igis IC 458
Tjo =junction temperature of output side IC
H“ =B0°C/W HOQ‘“] = 30°C/W Trs =SIFIILRIS ) 4 15E
Tra = pin4 temperature at package edge
T T Tro1o =I5E10455 |5 0 9 70 10 HSEE
P4 P9,10

Tro10 = pin 9 and 10 temperature at package edge

ﬂ‘u = 50°C/W* Bg 104 = 50°C/W* O =HiNim IC ZI5 | 4 A9AGE

6 = input side IC to pin 4 thermal resistance
T A 610 =HatHiR IC 2518 9 F0 10 A9WE
Bi910 = output side ICto pin 9 and 10 thermal resistance
62a = SR 4 TREHEE
B4a = pin 4 to ambient thermal resistance
69100 =5 R 9 F1 10 FRIFHE

69104 = pin 9 and 10 to ambient thermal resistance

A ERAOsA F10s, 124 (ERETRIE 74 SRS TERY PCB /3. 1RIE
PCB mla/SimiEn  ZEREnaR 2 %

*The 6.4 and Bg10 values shown here are for PCB layouts shown in
Figure 74 with reasonable air flow. This value may increase or
decrease by a factor of 2 depending on PCB layout and air flow.
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EDRIEB ISR BAY;EE IR Printed Circuit Board Layout Considerations

BERBEESHTMASEBIRZ BAMNALRFEENEE, YREREREBEERNEMESNSLREEXZER
HEENRIVEEE. [EIEFESEEEXREE | IGINEFERES | BFE CMR 48E.

Adequate spacing should always be maintained between the high voltage isolated circuitry and any input referenced
circuitry. Care must be taken to provide the same minimum spacing between two adjacent high-side isolated regions
of the printed circuit board. Insufficient spacing will reduce the effective isolation and increase parasitic coupling that
will degrade CMR performance.

RIRSEESNMETERSITR. XSRS | ASoMREAHSRESEME. RIEENZRESIREG
K ERBRIERI KRR SCR AN # A KR .

The placement and routing of supply bypass capacitors requires special attention. During switching transients, the
majority of the gate charge is supplied by the bypass capacitors. Maintaining short bypass capacitor trace lengths will
ensure low supply ripple and clean switching waveforms.

EEtTEIEES TSI 4 (GNDL)FOSIH) 9 #0 10 (VEE)RLER |, LASSHIEARITNRE . B AT316) ROIRITR A T IEFER
XL |4 AP E. SEFRVFEISEVR TR AFAE(PCB /8. Sit. EMHMES)  EXuIdiHEREME
SO LIRS )

S|P 4 ( GNDL)FIS BN 9 #0110 ( Ve )RESRME |, LASSHIEBATHRE | B9 AT316) iﬁi—l—ﬁﬁzﬁ’*ﬂli_i;izﬁbé BRI R B
A&, SERIFESEVR TRAME( PCB B, SiR. BMMES. ) XTUAGIHHERINFMRER | BRI S
Ground Plane connections are necessary for pin 4 (GND1) and pins 9 and 10 (Vi) in order to achleve maximum
power dissipation as the AT316J is designed to dissipate the majority of heat generated through these pins. Actual
power dissipation will depend on the application environment (PCB layout, air flow, part placement, etc) See the
Thermal Model section for details on how to estimate junction temperature.,

TENREEFIES RIFAEIRSIRAAEE , PCB IR/ |, (ESMHBLRESZEER. XIUMIFES 7 R
WETTHRE | LARER/IFISOERI M RERRER,

The layout examples below have good supply bypassing and thermal properties, exhibit small PCB footprints, and
have easily connected signal and supply lines. The four examples cover single sided and double sided component
placement, as well as minimal and improved performance circuits.

Figure 73. Recommended layout(s).
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EY5F=ZIN System Considerations

{ERBFERZE Propagation Delay Difference (PDD)

AT316) BE—MEBEEER(PDDILE , EEREIRITAREIRTLRQITHRER " FEXASE". FXANERES.
RZhZEAE(E 57 A9 QL #1 QIXRMTHIRIIEER, Ql 1 Q2 SEAYHIESEIESH AR RANISEEENSNZ
BRTIERER | XE— D LEASEE SR MR

The AT316J includes a Propagation Delay Difference (PDD) specification intended to help designers minimize “dead
time” in their power inverter designs. Dead time is the time period during which both the high and low side power
transistors (Q1 and Q2 in Figure 57) are off. Any overlap in Q1 and Q2 conduction will result in large currents flowing
through the power devices between the high and low voltage motor rails, a potentially catastrophic condition that
must be prevented.

AR |, AT HRIVEFEXASE |, AT316) IXa) Q2 HISBMIZIER (FHXST AT316) IXah QL AIKER) , IXEESIA
BT | SRAE Q2 SiEit , BAE QL NIGFXHT , WNE 74 . #-40°C F 110°C WIMEEEEER , L%
HEFERERES TEREEREE PDDMAX HISAE |, BIfEES 400ns,

To minimize dead time in a given design, the turn-on of the AT316J driving Q2 should be delayed (relative to the
turn-off of the AT316J driving Q1) so that under worst-case conditions, transistor Q1 has just turned off when
transistor Q2 turns on, as shown in Figure 74. The amount of delay necessary to achieve this condition is equal to the
maximum value of the propagation delay difference specification, PDDMAX, which is specifiedto be 400 ns over the
operating temperature range of -40°C to 110°C.

B RAEBITEEYS AT316) FFBESHTFERFRIE T R/IEREEAT , BHESFRITEEAXREERES .
RATXEEESFRAMG/ MEBIEEACEAIEE | WNE 75 Avn. A-40°C B 110°C ITIERESEER |, AT316) 19
B ARHEAYE Y 800 ns ( (= 400ns - ( - 400ns)) ).

Delaying the AT316J turn-on signals by the maximum propagation delay difference ensures that the minimum dead
time is zero, but it does not tell a designer what the maximum dead time will be. The maximum dead time is
equivalent to the difference between the maximum and minimum propagation delay difference specifications as
shown in Figure 75. The maximum dead time for the AT316J is 800 ns (= 400ns - (-400ns)) over an operating
temperature range of -40°C to 110°C.

BEEEER  ATIHE PDD Mt XM ERMEEEREEERNEEMUNEM THERN , BARERIGEEESRE
FERIEEERAYE | FFEEFFREEA) IGBT.

Note that the propagation delays used to calculate PDD and dead time are taken at equal temperatures and test
conditions since the optocouplers under consideration are typically mounted in close proximity to each other and are
switching identical IGBTs.

Figure 74. Minimum LED Skew for Zero Dead Time Figure 75. Waveforms for Dead Time Calculation
¥ W -
n.1l il - =11 ™ [
BW wr — Vs VgD lvé [ | = Yiengs m# [
Voo DESAT 1 ver GESAT L Rt
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AEBET | | = HF
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YMIZR~T Outline Dimensions
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BT RB Recommended Pad Layout

BT Unit. mm
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Note : The picture above is the front view of the product.
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A AQTE AT316)

BliREEEMZE Solder Reflow Profile

& Tp-5°C ———o==="" Te

~ TL

& Ts max-——-----—-—---—

» tp

% Ts min, ”

) ts

&

225

Time (s)
b=} s /M b 73 B
Item Symbol Min. Max Unit

TR
Preheat Temperature Ts 150 200 c
Fghad )
Preheat Time E 60 120 s
FrBEE X <
Ramp-Up Rate (T, to Tp) - s
by =N=|
RIRERE T 217 °C
Liquidus Temperature
REET T
Time Above T, b 60 150 s
SR
Peak Temperature Te 260 C
T FE(Te-5)F0 T ZIEAYRTIE] ¢ 30
Time During Which Tc Is Between (Tp-5) and Tp P s
R ] <
Ramp-down Rate(Tp to T,) B s

T | ENERTOEEAR IR THTERE | REFERIZR,

Note : Reflow soldering is recommended at the temperatures and times shown, no more than three times.
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HIER:BEZE Wave Soldering Profile

A

300
260+0/-5°C Wave termperature , 10sec

250 Second wave

First wave

200—

150

Temperature Tc (°C)

100

50— 25 to 140°C

|

T T T T T T T
0 30 60 90 120 150 180 210 240
Time (sec)

F I I8#I24E Soldering with hand soldering iron

A FTREIFNAT - RiREadrmli ;
Hand soldering iron is only used for product rework or sample testing;
B. FIIKERIEESK  iB& 360°C £ 5°C, HYiE<3s,

Manual soldering method Temperature: 360°C + 5°C, within 3s.
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SEMICONDUCTOR

JA\}

AT316J

2% Packing
niC/E % Summary table
7 aEER LE 28 wENR HHENE B i3 AR TR
SOP16 Reel(@330mm &) | 8501/ 2 /48 108/48 450*390*0.1mm Bﬁg’; ;f?‘
q Quantity per| Quantity per | Quantity per Antistatic Bag
Package Type  Packing Form Reel Box Carton Specification Note
Guard band
SOP16 Reel(@330mm Blue) | 850pcs/reel 2reels/box 10boxes/ctn 450*390*0.1mm )
200mm min.
iR @3 Tape & Reel
1) BBHE: 850K,
Qty/reel : 850pcs.
2) EFEEE : 17000 R,
Qty/ctn : 17000pcs.
3) AEx - BR2A,
Inner packing : 2 reels/box.
4) 7~EE Schematic :
% (P1)16£0.1 (Po) 420.1 (P2) 2£0.1 (Do)01.3520.05
- (1) 0.320.02
1 G o ST S B $ﬂ$$ €F/$’$$$$$€>$ =
5= T | T[T i
3 £ I i
IR b i s mir I A
| | | | |
I l 1D1)<D1.55It041 I '

www.ATmicro.co
m 2023-02
-25

=1

| *
)5 (Ko) 4=0. 1
(Bo) 105501
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A AQTE AT316)

i¥5 Attention

n BRIFRFECRMTBUHRE . ATERME. ThREEiRIT | (REBILSHEMAIFIRB AR BITIE,
AOTE continuously improve quality, reliability, function or design. We reserve the right to change this
document without notice.
n BETTRABRER  BEANERNAFEmREBRMMEHNEERERR.
Please use in accordance with the product specification. AOTE is not responsible for the quality
problems caused by non-compliance with the product specifications.
» WTFEESURMERRZEMNRE/ZEEFTK , BERAKMNPEEAR,
For equipment/devices where high reliability or safety is required, please contact our sales representatives.
n SFERTEE "HE" NAR  FEEHINEEAR.
When requiring a device for any “ specific” application, please contact our sales in advice.
n WIS FRARNASERED | WILEKRTKA].

If you have any questions about the contents of the document, please contact us.
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