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A YalBAl AT316)

#%i£ Description

AT316) B—BEERNNREHRG  SRBEEGHERIPFNRGENTE. BB IGBT RIKNBEATFAIA
BAEMEREI— SOPl6 HES ., TIL MAREBEFATSMERSRERED | XRENREHKTIS 150A/
1200V #Y IGBTs, #itH IC J9 IGBT RILBEBRIF , LABTLLEREFEERIR | E2AJei i Azt R it =2
RENHERSREES. RE "&IE" BRENEREE , LBGLE IGBT HIMMHRIRNBEREHNSR. XFHE
B% IGBT #iRIRzN2% 5 IR = B R AIEREFN AT S 4.

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.

54 Features

BKEERHETR: 2.5A

2.5 A maximum peak output current

ICBTs 3Xz0&iA Ic = 150 A, Vce = 1200 V

Drive IGBTs upto Ic = 150 A, Ve = 1200V

HRE | BERERE

Optically isolated, FAULT status feedback

Iop(max) <5SMA SRABKHEEESE(PWD

Ipbmax) < 5mA maximum pulse width distortion (PWD)
CMOS / TTL &

CMOS/TTL compatible

BRAEREIERS 500ns

500ns maximum propagation delay

IGBT #Rkktf

“Soft” IGBT turn-off

EER S IGBT {RIF

Integrated fail-safe IGBT protection

— Desat (Vce)t&illl

— Desat (V¢g) detection

—{REBEMERIF(UVLO)

— Under Voltage Lock-Out protection (UVLO)
BT Ve SEELS = 30V

Wide operating Vcc range: 15 to 30 Volts
TiERE 40, C~ +110, C

Operating Temperature: -40, Cto +110, C
Vew = 1500V B, HARIEIZRIMES 15 kV/us(CMR)
15 kV/ps minimum Common Mode Rejection (CMR) atVem = 1500V
BN B AT it 2 EB E : Viso =5000 Vims

Input-Output Momentary Withstand Voltage: Viso =5000
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RiFH APPlications

fe= IGBT/IH=Z MOSFET HitRk3Kz0
Isolated IGBT/Power MOSFET gate drive

R E RIS

AC and brushless DC motor drive
AT BAREIRIY TR

Renewable energy inverters
Tb¥Eres

Industrial inverter

RN

Induction heating
FFR IR (SMPS )

Switch Mode Power Supply (SMPS)
I8 by BB iR (UPS )

uninterruptible power supply (uPS)

$4:FNFIEE package and schematic Diagram
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S|Ri5EE pin Description

AT316)J

L] wime v [58]
[ v Viges. 18]
5] ¥ees oesar |4
[a | amm Ve [13]
[ vo [
[ ]| Famae vour |12
LT | Wemeis wgp [19]
5] ¥iwen- vau [0 ]
Bl | 55 ik
pin | symbol Description
1 VIN+ | IERAEIERz0EE it (VOUT)IEHIERA Noninverting gate drive voltage output (VOUT) control input
2 VIN- | AR TIRENEESE (VOUT ) ik Inverting gate drive voltage output (VOUT) control input
3 VCC1l | IEEFBRAEEREE. 45V ESS5YV) positive input supply voltage. (4.5V to 5.5 V)
4 GND1 | Bt Input Ground
FAULT SR8, BERBAZL 0.1ps , §5 | FAULT reset input. A logic low inputfor at least 0.1 ps , asynchronously
RESeT | fLFAULTEIS |, /SR VIN, RERSEH resets FAULT output high and enables VIN. Synchronous control of
> RESET #8X4F VIN, RESET A~ UVLO g0, £ RESET relativeto VIN is required. RESET is not affected by UVLO.
VOUT SHYiTS RESET A~=5/1 VOUT, Asserting RESET while VOUT is high does not affect VOUT.
fRixiEIL, = DESAT MEBHNASERE 7V FAULT output. FAULT changes from a high impedance state to a logic
Bt , FAULT RS — N EEEIRFTIRAVES , 7 | low output within 5ps of the voltage onthe DESAT pin exceeding an
FAULT 5us § FAULT i NEREIAZSEEZER—NEEIK | internal reference voltage of 7V. FAULT output remains low until
6 B, FAULT Fii—BfRIE , BE RESET {Ef# RESET is brought low. FAULT output is an open collector which allows
. AT316) 9 FAULT faihR— M ERFaIRTTES | the FAULT outputs from allAT316J in a circuit to be connected
FER—FEEEATE MY FAULTRLL "¢ B4R | togetherina “wired OR" forming a single fault bus for interfacing
—HEEEIRAL, directly to the micro-controller.
LED1 [EtRk. N TIREEGEFMROMAES | tk3|3w, | LED1 anode. This pin must be left unconnected for guaranteed data
/ VLEDL* | s, (RBTGBiD) sheet performance. (For optical coupling testing only.)
8 VLED1- | LED1PB#R. i%5IMMWASESEIER. LED1 cathode. This pin must be connected to ground.
9 VEE e REEE Output supply voltage
10 VEE | HiHFEiREEE Output supply voltage
11 | VOUT | MitkIKanEEEHIE Gate drive voltage output
12 VC HItHEEREEE, positive output supply voltage
13 VCC2 | IEfHEEIREE positive output supply voltage
EIIFNEBEMINE |, 24 DESAT HIEB/E/E IGBT Desaturation voltage input. when the voltage on DESAT exceeds an
14 DESAT | SEIBITHZSESRE 7V |, HEmHinEE internal reference voltage of 7V while the IGBT ison , FAULT output is
Sus PIMESPEIR LTS Bi— B 1K, changed from a high impedance stateto a logic low state within 5 ps.
LED2 fEtR. ATIRIEEGEFMOMAE |, BB | LED2 anode. This pin must be left unconnected for guaranteed data
15 | VLED2+ TRERNEE. (BT eEi) sheet performance. (For optical coupling testing only.)
16 VE NH(IGBT &5R)aHEBIREE, Common (IGBT emitter) output supply voltage
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FmESHAN Order code

AT 316J - UNY - W (V) (Z2)
® o ® @ ®© ©® O

® 288 company code (AT: B4 AOTE )

@ FFRZ% product series (316J: 316J )

® HEZRKA Lead Frame (cu: $AIELE copper )

@ 1RgEE EpoXy Type ( H: o Halogen-free, L. /7S Halogen/Lead-free )

® FEF package (s: sOp )

® BT IFIBESERE Device Operating Temperature Range (4% BB FEE & = H special Range need to
be filled in or left blank)

@ REB#FEALED Internal supplementary code (#{=F8;#& =H Number or None )

ED=F({EE Marking Information

Epzech v A0 B EREe
LOGO “" denotes LOGO

. Eizdh y" RS :A(2018), B(2019), c(2020)...... "y" denotes |
yEAR:A(2018), B(2019), c(2020)..... L .

ED?:EF' “ww” {%i]ﬁl% A%
"ww” denotes week,s number ; ?
EDFsh B HRRAIRBIL 316J

"E" denotes Internal code YWWEH

EnZFehply "H" (RFEm M~ mE=/AHEE I =8 , R
"H" denotes Halogen-free, when the product has ‘ ‘ | | [ ‘
halogen/lead-free, leave this blank. '
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BEINZHSE Insulation and safety related specifications

me s 0 B &=t
Item Symbol Value Unit Remark
SNSEESE I SEARREE 7=
Tes e MEEJ)\-EFEEJEEJHﬂJ?E /nZMZIS#E BESIRY .
L 83 mm Measured from input terminals to output terminals,

Di .
creepage Distance shortest distance path along body.

MNENREEHR BYT=SAREES

BB . . .
B _ L 83 mm Measured from input terminals to output terminals,
clearance Distance shortest distance through air.

Eal s DTl 05 RESRRFIRNIRE 2 BAYEERISE
Insulation Thickness ) mm Insulation thickness between emitter and detector.
IEHEPFRESEEE
peak Isolationvoltage VIoRM 1500 Vpeak IEc/EN/DIN EN60747-5-5.
B IRErEE
Transient Isolation voltage VioTm 8000 Veeak |IEC/EN/DIN EN60747-5-5.
PREREE
Viso 5000 Vrms For 1 minute.

Isolation voltage

RPR=%1 Absolute Maximum Ratings (Ta =257 unless otherwise specified)

g i B o o
Parameter Symbol Min Max. Unit
EPREE
storage Temperature Ts =55 125
TIRERE o
operating Temperature Ta -40 110 C
A Ic ERE 20 s
output IcJunction Temperature L
SRR
peak output current Lofpeal) - 25 A
HE R
Fault output current TrauLr - 10 mA
IEMNEBIREEE 05 e
positive Input supply voltage Veel -0. ]
BING|RHIEEE
Input pinvoltages VIN+, VIN- and VREseT -05 55
S EEIREEE
Total output supply voltage (Vec2 - Ver) -05 30
A R E 0 .
Negative output supply voltage (Ve - Vee) -0.
i \Y%
IEm iR E 05
positive output supply voltage (Veez - ve) -0. 35 - (Ve - ver)
LS e e TN 0
Gate Drive outputvoltage Vo(peak) e Vee2
SFREREEE
collector voltage Ve VEE + 5V Vee2
DESAT EBI&
DEsAT voltage VDEsAT VE ve + 10
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A Bt

oM s BV 7N | By
Parameter Symbol Min Max. Unit
i IC TR 600 -
output IC Power Dissipation Po -
BN IC IR 150
Input IC Power Dissipation P - mw
HFAIRESRE Recommended operating conditions
— %S B X iy
Parameter Symbol Min Max. Unit
TR 0
operating Temperature Ta -40 +110 C
BINFEIRFEE
Input supply Voltage Vea 45 5.5
R FRIRFEE
Total output supply Voltage (Veez - Vee) 15 30
TR E
Negative output supply Voltage (Ve - Ver) -05 15 v
IEfHH ERREEE
Positive output supply Voltage (Vecz - Ve) -05 30 - (Ve - Ve
EEFERAEE
Collector Voltage Ve Vee + 6 Vee
IE{ESE TR Lo | s A
Peak high-level output current Low - .
B mtER s A
Peak low-level output current Lot | - .
DESAT BB [%
DESAT Voltage Voesat Ve Ve +10 v
i IC T=Ey 600
output IC Power Dissipation Po - mw
BE(SHES
operating frequency f - 50 KHz
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i lEES4%] Electro-optical Characteristics (DC)

FIERAEE |, BEYEMEMEE Ta = 25, C, Veer = 5V, and Veez - Vee = 30V, Ve - Vee = 0V TI{5;
FRrENR/N RIS EBRIESZ TIESM.
Unless otherwise noted, all typical values at Ta = 25, C,Vcaa = 5V, and Veez -Vee = 30V, Ve -Vee =0V,

All Minimum/Maximum specifications are at Recommended Operating Conditions.

2 s &t | RE X | Wy (=3
Parameter Symbol Condition Min | Typ. Max | Unit Note
WM NBE Vinst, Vin-
A +L, VIN-L 08
Logic Low InputVoltages VReseTL B - B v B
BIERMANEE VIN+H, VIN-H 20
Logic High InputVoltages VRESETH - ' - - )
BIERBARER It IneL
Logic Low Input Current IResemn Vin =04V 03 04 - -
=z A 25 mA
Mﬁf%uﬂj@um TAu
FAULTL
FAULT Logic Low Output Current Veaur - 0.4V >0 12 - 25
BEEZER RN N
= o . TrAuLTH Veaur = Vea -40 _ - pA 26
FAULT Logic High Output Current
SR Vour =Vce -4V -0.5 -15 _ 1627
High Level Output Current low Vour =Vce2 - 15V -20 _ _ "
A
ez aRil== i Vour =Vee + 15V 10 _ _ 2,7,
Low Level Output Current lot Vour =Vee +40V 2.5 B _ 28
RS TR R
Low Level Output Current During Towr Vour - Vee = 14V 90 140 230 mA 3,29
Fault Condition
T Iour = -100 mA Vc -35 | Vc-25 _ 4,6,
=R ES
= - - - 30
High Level Output Voltage Von lour = -650 WA Ve 15 Ve-1 = E—
Iout =0 R _ Vc v .
(R HEE
Low Level OutputVoltage Vo lour = 100 mA - 01 05 >7.31
EEEMAERER
High Level Input Supply T Vine =Vea - 5.5V 16 22
Vin- =0V -
Current 8, 32,
. 33
(KB EEIREE R , Vine =Viv- = 0V, 3 1
Low Level Input Supply Current c Ve = 55V -
MR Vour - 5 mA | 9,10,
Output Supply Current ke ouT = open - ’ 34,35
{REBEEEFEIRER R
Low Level Collector Current Lo lour -0 - 03 10 13,54
S AR Iour =0 _ 0.3 13 13,53
. Ien
High Level Collector Current Tour = -650 pA i 18 30 13,52
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AT316)J

Ve REBSPALEREI

Ve Low Level Supply current

e

0 12, 56

Ve e e
Ve High Level Supply current

Ien

-014

0 12,35

HISEE SRR TR
Blanking capacitor
charging current

I

Vpesat = 0 -6V, Vpesar
=0-6V,
Ta =25 ¢-100, c

-013

-0.24

-0.33 11,36

HICFE SRR
Blanking capacitor
Discharge current

IbscHa

Voesat =7V

10

30

37

UVLO BlE
UVLO Threshold

Vuvio+

Ir=10mAVour > 5V

116

123

135

Vuvio-

IF=10mAVour < 5V

9.2

111

124 38

UVLO isfE
UVLO Hysteresis

Vuvio+ - Vuvio-

12

DESAT &
DESAT Threshold

V/DEsAT

Vee2 - VE > Vuvio-

6.0

6.7

7.5 14, 39

BNEEERMERS
Threshold input current Low to
high

IFon

Io =0mA,Vo > 5.0V

20

5.0 mA

BNBERENSENE
Threshold inputvoltage Highto
low

VFoFp

Io =0mA,Vo < 5.0V

0.6

FE##E switching specifications (AC)

PRIFSHIRA

FrEN®RN RAMISERIEETIEEM.
Unless otherwise noted, all typical values at Ta= 25, ¢, Vcaa = 5V, and Veo - Vee = 30V, Ve -Veie =0V,

, BARVEEEE Ta= 25, ¢, Veaa = 5V, and V2 - Vee = 30V, Ve - Vee = OV B ;

All Minimum/Maximum specifications are at Recommended Operating conditions.

28 s #ft B B 7N L liv] &=
Parameter Symbol Conditon |  Min. Typ. Max. Unit Note
Vin B 7Kg B R AT B 15, 16
Viy to High Level Output toLH 0.10 0.30 0.50 .
propagation Delay Time 17,18,
N Ms 19, 20,
Vin BB &R A 40, 49
Vi to Low Level Output toHL 0.10 0.32 0.50 '50 '
propagation Delay Time
Rg =10 Q)
FHEERE
WD = -
pulse Width Distortion P cg = 10 nF, 300 20 300 -
- f =10 kHz,
EERNERD Z ERHEBIEIRE Duty cycle = 50%
propagation Delay Difference pDD -100 ) 100 )
Between Any Two parts ns
10%Z 90%H9_EFHI8E] 50
10%to 90% Rise Time b - - .
4
90%Z! 10%3 AR 50
90% to 10% Fall Time t - -

copyright ® 2023, AOTE All Rights Reserved. Release Date :Nov 1, 2022.

www.aotesemi.com




A YalBAl AT316)

DESAT =& 90%79 VOUT #EiR Rg =10 Q,

DESAT(90%) _ 0.3 0.5 21, 51
DESAT Sense to 90% VOUT Delay Cg =10nF
DESAT Z X7 10%f9 VOUT FER 22,41,

; - 20 3.0
DESAT Senseto 10%VOUT Delay | DfATow | Veee - Vee =30V 51
DESAT RSB IR ESHER
DESAT Senseto Low Level FAULT {DESAT(FAULT) - - 18 5 42,51
Signal Delay
DESAT &5£ % DESAT {REBIHAERE
FOERE 0.1 0.25 10 51
DESAT Senseto DESAT Low foEsATLOW - ' ' '
propagation Delay
s
DESAT EiLERAE S HIRESIER
erﬁ—.l tRESET(m 3 7 20 23, 51
DESET to High Level FAULT Signal
Delay
HIRESITEEE
RESET Signal pulse Width PWaeser 01
UVLO %l VOUT RY=ZER 50
UVLOto VOUT High Delay tvio on _ - '
Vcez =10 ms 44
UVLO | VOUT AHERER LUVLO OFF ramp ) 50
UVLOto VOUT Low Delay
SSRGS Ta =25 C
Output High Level Common ICMy Vem = 1500V, 15 30 -
Mode Transient Immunity Ve =30V KV 45, 46,
" - Ws

R THHERSTUE Ta =25 G 47,48
Output Low Level Common Mode ICMLI Vem = 1500V, 15 30 -
Transient Immunity Veer - 30V

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




i tAL

BIBYAYIHRERNEE Typical Performance curves

Fig.1 output High currentvs. Ambient Temperature
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ig.3 Low Level output current During Fault condition vs.
output voltage
2na
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Fig.5 output Low voltage vs. Ambient Temperature
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AT316)J

Fig.2 output Low currentvs. Ambient Temperature
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Fig.4 High outputvoltage Drop vs. Ambient Temperature
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Fig.6 High output voltage vs. output High current
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Fig.7 Low outputvoltage vs. output Low current Fig.8 supply current vs. Ambient Temperature.
L 23
g IECTIH
o 2 - R
E; fo -40°C E‘ 20— oL et
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g T8 [T
= E e
L3 a
E- : ;‘ 14
=i E+
5 A s
P |
1]
1] 0.5 1 L5 2 25 -40 =14 20 il 0 110
Output Low Current-l [A) Ambient Temperature-T,[*C)
Fig.9 output supply current vs. Ambient Temperature Fig.10 output supply currentvs. output supply voltage
4 L5
E === [CCZH 5
= — l0C2L = 73
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Fig.11 Blanking capacitor charging current vs. Ambient Fig.12 supply current vs. Ambient Temperature
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Fig.13 collector current vs. output current Fig.14 DESAT Threshold vs. Ambient Temperature
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Fig.15 propagation Delay vs. Ambient Temperature Fig.16 propagation Delayvs. Supply Voltage
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Fig.17 Vin to High propagation Delay vs. Ambient Temperature Fig.18 Vin to Low propagation Delay vs. Ambient Temperature
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Fig.19 propagation Delayvs. Load capacitance Fig.20 propagation Delayvs. Load Resistance
.35 .4
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Fig.21 DESAT Sense to 90% VOUT Delay vs. Ambient Fig.22 DESAT Sense to 10% VOUT Delay vs. Ambient
Temperature Temperature
.25 . B
S
;E‘ E 5 ==== VOC2=15V
= E = — CCz=30V
= — % -
BT . =gt
g3 %%
28 g 53
8% 4 - N N S N e
|
g5 8.2
& i &
= =
= I /
%) Ed
a8 a
] B: %=
-4 -10 21 50 BN 110 -4 -10 20 50 a0 11
Ambient Terperature-T,(°C) Ambient Temperature-T,["C)
Fig.23 DESAT Senseto 10% VOUT Delayvs. Load capacitance. Fig.24 DESAT Sense to 10% VOUT Delayvs. Load Resistance.
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MiteB & & Test circuits Diagrams

Figure 25. Irauim test circuit

Vi VE
M-L 0.9 wF. 10 mA
45 .,(E) HE ] ¥ VLEDZ+
T Voci DESAT
) — GHD1 Voes
LE R
C*l) AEBET vg
FAULT W
—— ouT
VLED1+ VeE
— VieDi- VeE

Figure 27. Ion Pulsed test circuit

. v"‘ v! . .
a1 1
BV pj_ — Vi Vo J o F"i =
v

T Vees DESAT
1 ONDY Voo J * ﬁ.lp‘
et RERET Vi wy
PULBED {:}
FALLT Vourt o= | R0V
VLED1 VR —t n.'lpI'T
=] Yiem- Vee '

Figure 29. Ior test circuit.

Ve

BV ‘:';J. — ::: VLEDZ+ T L :
T Yoo DESAT _1 Toov
|

p—{ GHD Voo 0.1 pF
RESET Ve
(i uT i
FRLULT vour |32 (; v
VLED+ VEE Toa
_lu \ri BF
— ¥iemn- Ve
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Figure 26. IrauLTh test circuit

Vines Ve
ul

v HE ] Ve ViEDze
T Ve DESAT
. —y GHDT Yooz
5 ESE] “B
FAULT Vour

WY —
ViLEDH+ VEE
—1 ViEDn- Vee

Figure 28. Io. Pulsed test circuit.

Vinss YE

¥ine ¥Yienes

Vet DESAT

GMD Vees Lo pr
REBET ¥e '-
FAULT Vour

Yigni. Ve

YiED. Ves

Figure 30.Von Pulsed test circuit.
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pocted Vipp DESAT
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Figure 31.Vo, test circuit. Figure 32. L1y test circuit.
l =1 Vin Ve [T Vims Ve
a1
I'H'G:) WE +—1 Vin- YiEDg. J ‘::l — Vise- ViEDe.
55W M+
I Voo DESAT C—) Io; Ve DESAT
g CINIDY Veoes | Guot 'l’m
RUSET Ve » s e
RESET Ve
FRULT Vaur JE—
FAULT Yaut
ViEDis Vee
—i VLED1+ Yee
—1 ¥iLEDA- Ve [—*
— Vieot- VEE
Figure 33. Lcu test circuit. Figure 34. Len test circuit
— 'u' 1‘ I.r“. UE a
- - - 01 L . )
pell W W pom
WEl 1 Vine ViED2+ o L = R W
5-“(’) o Vi DESAT
- = DESA [ ]
oo g 1 GHDY W IP'EI )
| anoi Very e Lt i
RESET Ve
AEBET Ve
FAULT Vour
FAULT Your 01 e
ViED1s Ve
VLED1. YEE —l
=1 YiLED1- YEE
— Viem Vee
Figure 35. L test circuit. Figure 36. e Pulsed test circuit.
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Figure 37. Ipscrg test circuit. Figure 38. UVLo threshold test circuit
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Figure 43. treserrauin test circuit.
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Figure 49. Vour ProPagation delay waveforms, Figure 50.Vour ProPagation delay waveforms,

noninverting configuration. inverting configuration.
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HARVIIE(RIP IGBT | J3EENEBER Typical Fault protected IGBT Gate Drive circuit

AT316)J

AT316) B— X7 TERREREMRIKaNEE | H IGBT Y V. iIRRIFERE | KFLE | ZTX. BFIRERA. &
BREIER Ve i, REMEUVLO ) | IGBT BEREFIFRE R REI06E | IR AR RALR T RISHANEB IR,
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 Ve detection, under voltage lockout (UVLO), soft

IGBT turn-off and isolated fault feedback provide maximum design flexibility and circuit protection.

HEPL-318)
E—— vy [18] J_ J_ _l_
* | CaLamn
L] v viepes 18] T ¢
L T 108 01 D"E’i’” R
—-—J_—E Yooy mESAT |14 ] APh——
e .
v QT 5
n§ Pt oo Vieez |13 ]
F
.
——— [ fEmer Vg |1z =i Rg |
- |—""'“—_|K.T""
— i vour [11] - L
E WiEpis Vee |10 .
+
——L] vem Ve |0 ]— ;
ApuLL-Down —||:: Ve
FTHESE DOMM BT ARE ORGY WEGUERE D WotBM MECATIVE GAPE DERE IS WAPLEMENTED. P

1.3 R AR 75 T B9 #82 £E 15 BE DescriptionofoperationduringFaultcondition

DESAT £iimiE)d Doesar #i#% IGBT Ve BB/E
DESAT terminal monitors the IGBTVce voltage through Doesar.
X DESAT infOeBEBIE 7V B |, IGBT [JEBE(Vour ) EIEME
~when the voltage on the DESAT terminal exceeds 7 volts, the IGBT gate voltage (Vo) is slowly lowered.
FAULT @itifRFEERY | RN hIRspaAs
FAULT output goes low, notifyingthe microcontroller of the fault condition.
=R RENE HAYHEE

Microcontroller takes appropriate action.

AT316) B98I (Vour F1 FAULT)ER Viy, UVLO FI#ENIZIAY IGBT Desat {RiF#E4]. SITRRMR , AT316) SIS BIER Vi Bl
VinBIAFRIREREEAFRE. AFEREREN | Vi ORFHESEF | FJi Vv, SFEREIFRET | ViR
{EEBF | Hi% Vv . —B UVLO (Ve - Ve > Vuwo) , Vour #AIFRIHEEREF | AT316) B9 DESAT #&ThEEERL9
IGBT fRIFRUEERIR, UVLO TEHHR DESAT BUZIEE. —B Vovo. > 11.6V, DESAT FETHE |, BHE Voo <124V, EItE ,
AT316J B9 DESAT #&lFN UVLO THEEMEITAE | LARBIRISHEERY IGBT (4P,

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

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

the Vi, or Vy. inputs respectively. when an inverting configuration is desired, Vi, must be held high and V.
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. > 11.6V, DESAT will
remain functional until Vuwo. <12.4V. Thus, the DESAT detection and UVLO features of the AT316J work in
conjunction to ensure constant IGBT protection.
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Vow Vi UVLO(Voor-Ve) DesatconditionDetect | 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

BBV FFNIE(E TyPical APPlication/oPeration

1.8 P& R G T S5 4R 3P 2 AN {8 /T IntroductiontoFaultDetectionandprotection

—MHABN =B RRIIIRE SR ESTIERENNIE | HhASEHIEXITIER IGBTsEEEEIMIME. XEHIEE
BJLAS AP EARKE: T AFEEERS &R AR SREVRMEIERIRER. BTRESITEERSHERIES
HE,  FRAES AT ARSI PROE AR, R EHA—FEIERMT | BT IGBTs NRERESIUEIEN |, §
O EIFERNAR. LRI URIEAETET | IGBTs iR |, HESEEREIASIHRAE E EF 2SR EKF
PLE, SRERIEINADAERIESBIFRES A ZRNIA, ATILILRIAIRERE | WSEiEsERr | LU SRR
TR,

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 dueto 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.

—FEARRIRER TS SRR IR AR AR | (Bi250hik, FrBRITEE | BIRIRTERTERE |
PR AFIE MRS T HAES M REIKaN=t PR, ZFEROMEESE. {AAF. BoPR. [ S.
A circuit providing fast local fault detection and shutdown is an ideal solution, butthe 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.

AT316) B TSR, KEREMHIREEE. BATEEZENSERE. IGBT AN, KETLAR— N RmEaIHEE
IWHESRIRERE— 16 5 EHIRE,

The AT316) 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) FRABRIEFEANTTZ2BIE 4N IGBT AUIEAN(EREEMR ) BIE |, FHESBIREEEITERIERI MR SERHIEE
TSI, IVIHRIEE R B IEPETH IGBT RS [RBAUKER | PrLLrEmIMERIERE, ARG EIARIBIMEKTEZ
B, 1S IGBT XH#f, £ 1GBT XUPINSHAR |, HORtaNEEIRASY | LIBALLEER "HE" 55,

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 currentto 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 disabledto preventfalse ,fault,signals.

NSRS HITIAENER | BRI EENR IGBT SRR | (B SHRIRAEE R RS
5 IGBT B0 H8E | MiZmEBAW. B ERENEEEREE |, AT316) BIEEMRIKNE EAEAIER T aeRE
IGBT f9I0#E. EIEAMETS 2B — N EISWHIA RS IGBT fII0AE | SRASEREIL | TR — M EREETNR
2TFESEE. Bt , AEEITHRTISHEREHERA IGBT,

The alternative protection scheme of measuring IGBT currentto 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 AT316J limits the power dissipation in the
IGBT even with insufficient gate drive voltage. Another more subtle advantage of the desaturation detection method
isthat 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.

AT316) EEREHHEREMdEHRAN | — N EREEFEEMENT— M TREEREERY | EFT "8 ZEERN
FA. Bl 57 ETRAHEEN R IEIRIL T(5EF AT316) ROSREMRIRANFRER.

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 AT316..

P EERE R RR (0. L) KBRS R, AT RERERABSTRE [ — M\ IEREROCMABIFES 7.
DESAT —tRE#N 100pF RIS BRI BT/ DRI MNETTH. MitRFEERE(L0Q) BT PRGN TR |, FHzH
IGBT ScEEtREBER_EFHFNTRERTIE), FHERERFEARERRIHE — R ERFERE 3.3kQA1— 330pF AUIEIKEER. Vour AY
A7TKQTAFEE TR — AT TS FEEFRILHFEE (Vor), TEIXSEMAF |, SiGNEISEERT | IGBT IRshasG Xk , BE|
zHIRREINEES R 2REFE.

The four supply bypass capacitors (0.1 uF) provide the large transient currents necessary during a switching transition.
Because of the transient nature of the charging currents, a low current (5mA) power supply suffices. The 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 outputvoltage (Von). In this application, the IGBT gate driver will shut
downwhen 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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T8 R=E Behavioral Circuit schematic

AT316) RITHEETAERE 60 FRIBEEFRT | ZEEERS AT AT316) WERIINMSSHIEE/ERFFS.
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 inthe AT316..

1 5 N Clnptc

HIEEFXRENAT | RGNFESHSE | SEEifFRtPRSRIrHaNGESES LED (55, #iEkbt TR
& S5 IHEOASAFIEYT IGBT fitkavizs]. SANEHTRR | SERETESEANERITT. SaEHE/ofEF
BHIAES | 55 LED #i5aHXin (TR, SiRGSEEazrE | EESM5 BshITaLE

Inthe normal switching mode , no output fault has been detected , and the low state ofthe 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 untilthe Reset pin is pulled low.

EAREMS SRR MRV | LED (SSAYAE |, UVLO IS5, N5 IGBT SERRRGNIZIEE |, BAtAE
E&TF UVLO EifE , M LED [ES5=HskaasaYimiiis, BERasrhE— I EERE | LB REHRA Bl ™R
KEXNZARERSE, MRENEIXERS | e LED ST |, HisH 50x DMOS IREEMAMR. NRE LED /5
SHERENE IGBT XIEfIHE | SIEESERETFESREIRS. =SR] 50x DMOS IREHER |, — MR/
89 1x DMOS Tig&Eisia | EISHRT IGBT HftifFE. ZiathfE= 2V LAY |, 50x DMOS IRERXFHE | 15 IGBT
IREEFEHEHAE Vee £, HIRESHRIFIIFESHETIRE |, 53 LED (F5XH.

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 inthe output stage are never on atthe 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 inthe 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
R 1
e —L2] vs

Vieng. |18] 100 pF
1

ViEDz,

g

W - ;
e | e Dgesar s
\rmij "n;j

=

i)

]

;
&
_{
B
B
G
-H

Vo

Vour Iﬂ—w—ﬂ(}

Yout ViEDts

)

LT

[=] [5] [=] [=] [~] []

g

3. HfthiEERV4E . therRecommendedcomponemts

57 FPRIN FRFB R EUIE—MEH T RFERE. — ™ DESAT 5|BMRIFEERE. —4> FAULT 5IRIFBZ(330pF)F1—™ FAULT 5|
fi EhiEBpE.

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 HiH TR S8, utputpull-DownResistor

B NSRRI BB ERE EFE Vo FMRIEFE 3 N TIREERUR. REHERESERHTmES
T BHBESEMPRER EFAE Ve, -3(Vi) 5 Vo ZB. AT REIHBERGIE Voo -3(Ve) ENERTHIRS
Vee Zrﬂﬁ_/I\—FﬁiEﬁBﬁ ReutL-oown ,Llﬁ&?ﬁtﬂt%%ﬂzﬁa‘?‘ EE)-L/I\ 650|JA E{JEEaiﬁo -FﬁZEEBH{EEyH&:.FIEﬁEEﬁE{J{E I}
AILMRIBAT Rouidown =[Vecz-3 *(Vee)]/650pA HHTIEEE,

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 Ve, -3(Vee) to

Veez within a period of several microseconds. To limit the output voltage to Vecz-3(Vee), a pull-down resistor, Reuui-

pown between the output and Ve is recommended to sink a static current of several 650uA 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, Rout-down = [Vecz-3 * (Vee)] / 650pA.
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5.DESAT3|f{E$F DESATpinprotection

5 IGBTsEEINEER _IRE R AKEE “IREIEREEFCEBSIERRE. XS DESAT 5|HEF=4ER
KERFARIEBE |, WNRAREYRIFREIEINE | ISNEMRBIRPEBAERR. N TRX N ERREERSTIAENE
BRAKTFE |, FERA— 100 BXUBHIFEEIES DESAT “iREHEK, XM FERIEEASEES DESAT Ei{Es) DESAT jHishS
518

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 onthe DESAT pinwhich 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 orthe DESAT blanking time.

6= CMRAYFAULTS| i = #9 BB 25 capacitoronFAUL TpinforHighcMR

LEPEEEGTEINSE | REHERSEHINHSIRREE, SRRt ENIEZE— 330pF BERR(E 60) , ZFE
CMR 79 15kV/ps B, EIERISREIEAY CMOS IREZAIR, SGNEIXIEAHMASES | FrErBE SR tEInsraEEHiER.
Rapid common mode transients can affect the fault pinvoltage 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/us. The added capacitance does not increase the fault output delay when a
desaturation condition is detected.

HIES R — S REY | AEE— LB ERRUEEES.

The FAULT pin is an open-collector output and therefore requires a pull-up resistorto provide a high-level signal.

TIL zhE8 E& DrivingwithstandardcMOS/TLforHighcMR

NEEXEEREEMAGS R ENBENBAEESE CMR IIEERS). YWRERIIXMES | LSCHEZSH CMR #4#
B BASIH Vi A0 Vi RB BEEMES | MBI RS TRtHaISs MR, NogsER CRE M AFERE
AORINIRGHEREE | QNSEFEARFHERGEE. FEENERARER CMOS & TTL JRzHFEE

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 Viv. must
have active drive signalsto 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.AT316Ji NIk B EL B user-configurationottheAT316 JInputside

Vine Viv- ,FAULT 0 RESET A5 IS EMikizHiIsIEZi 2 A0 8E  EREURTFENIKIEK, AT316) ERA
BREEHER ARSI JERT "5 NMARISEERRIT SRR HAN B RS S,

The Vin., Vin, 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 forwired , OR applications and an active low reset input.

10.AT316J3Ex R BIEZFHIA DrivingInputpfA316 JinNon-inverting/InvertingMode

AT316) AUMIHRIXENEE I HATLAGER Vin A0 VinAKIRERAEEAFRAE. WE 62 fn  AFEREIFRERT @Y
BHEZEEE] GNDL & VinRISTEREE  FDHE Vive. W1E 63 Firn  SREREREN V&R Vo BIREES
BY FHi% Vi,

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

11./3EB%Mr , BEBEILocalshutdown,LocalReset
WNE 64 Fi X3 AT316) HiRIREIESATEEM H o B T  FREESIERERS IRMESMELNEBF NmE
{IEBANIZHIEE,

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. 2EREMT , ©EFE1IGlobal-shutdown, GlobalReset

YNE 65 Fi |, HIREAAERIFRY | BTG FAULT BHSPER VIN+ |, AL AT316) IRESHEHTERET TEaxHT.
T RMAkaEs | &4 AT316) SRR RHIERH T LE— M MENSRES L DEEE—R | oR— P 3REm
HIEREEZSHMIEHERED, & 6 MMRIRAISRPRUHT—MENZSER | SRR ESISERNERIX 6 > AT316)
MRIRENRE | MTORDLEF= At — A SRUE M,

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.BzhEiIAuto-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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BEE. HiEEH LSSk —EREMEEEE | AXNMESAATIRENERE ) REFREHBEN. 2
AT316) IRENBEMENET | RIS/ IRESHKPEERES 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 inputto 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 inthe latched fault state until the gate control signal changestothe ,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 bewire ,OR edtogetherto alert the micro- controller, but this signal would
not be used for control purposes in this (Auto-Reset) configuration. When the AT316)J is configured for Auto-Reset,
the guaranteed minimum FAULT signal pulse width is 3 ps.

14 IR {TIRE R cscttingFollowingaFaultcondition

AT ESFRRS(FAULT MILHRFESF ) RIRSIERRIFTKIRME | RESET SIEIUAHRET | LARRARBSIEERs
FEE FAULT (BT ) . 7EHE RESET ERIAEEFZAT , BA(VIN ) FFXESUMRENEH(VOL ) (KE
RS, XAULUBIHusHeeEERE | eI LUBEEELSS RESET (FS5GENBANGESHTES, XOLUBIHE
HRRERAIE | BAILUESREELAS RESET (FESEBRIRNGESHITES. B 67a i hEREmALET | (T
RESET iE#Z% VIN+ESH# {72282, E 67b B7R riAECE VIN+/ RESET 55 |, ERBERE=HERAY RESET (55
BNGTERE- KBRS, Ff | B 67¢1E 67d B~ 7 BaiSfflHstisS ek ENRIBRNIRE.

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 resetthe 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. B BCEAT316) %) H M RGFI B 1% H 28 user- configurationoftheAT3 16 JoutputsideRGandoptionalResistorR

HREERE Re (LARZ Ve §0 Vee ) BIKINETE 7 HIRZE/FIEBER R (Ion, peacF Lorr, peax ) BIERKIE |, FELRIEESERLAILED
WD IGBT IRT. BEAEMMRFTEERIEERNTHEEREE N, ek < Lo reax ) o« XITIXFMER |, AJLAER
—AENEAYERFE(R: ) F0 Re SRIRSZITE Ton, reac ¥ Lorr, peax , MIATR LA _IRE., EARAEI , &%E 68. RIR Ro
BEME ' HEgIT Iow ek =05A R RET AR TER AT

The value of the gate resistor Rs (along with V., and Vi) determines the maximum amount of gate-charging/dis-
charging current (lonpeac and Iorepeac) 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 thanthe peak discharge current (loy, peax
< Iorrpea). For this condition, an optional resistor (R;) can be used along with R; to independently determine Lo, peax
and Iogpeak Without using a steering diode. As an example, referto Figure 68. Assuming that R; is already determined
and that the design Loy, seac = 0.5A, the valus of Re can be =stj mat ed inthe following way:

ve2-vOH- EE))

Rc+ RG=
e
) 05A
=180
Rc = 8Q
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16. 3R A5MEREE R e & H BB it HigheroutputcurrentusinganExtemalcurrentBuffer

AT 1R% IGBT MMRIRENERT |, AILAEFRIERABFEIRER as (B 69 AR npn/pnp ieR). RIBESHIBISIRERP
BRIRASRES | NoBHRafER. A7 ESTERM TRIT IGBT RUBKEFE | FEAMAZ VEE RO hEstERE—" 10nF /Y
BZ |, FESHAIALE npr/ pnp ERZEREA— 1008988, MJD44H11/MIDASH11ERTRA 8A HIEETR.
D44VH10/ DASVH10IERTF&AK 15A BB,

To increase the IGBT gate drive current, a non-inverting current buffer (such asthe 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
fromthe buffer inputto 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 upto 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)
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Ml DESATDiodeandDESATThreshold

DESAT Z#RERIFRESBIEMER |, STLURA] IGBT AYIEASRER-RFREE. Veesar (5 IGBT &b FSBINSHS ) F
BERTSE (X IGBTEXMTEHY)., £ IGBT XUTHERTEN |, IGBT SEEBREIRSHRZ EIBEEFEIFEEM d Ve / dt BEEF
B, XHFET louree ( = Coosar 1R dVee / dOFTTERER | ZFTEBRUSIEERR CundH TR, AT RERDXM
FEEEEER | BERIRAAR DESAT | SRIFAEFRRREINN —HRE, & 57 AN EET | 510 14 £AJEEE( DESAT)
79 Voesar = Ve + Ve, (B Ve 79 Doesar BUIEEFSERIE | Ve 9 IGBT BUSEERIR - REIHREEE). itk DESAT KHIES
FAULT M4 Ve (BB EJS 7V - Ve, WIRFE | JLUEII RS DESAT ARESRECKIH K% DESAT BIfERE. &
n 79 DESAT “HRENE , MFRFRENEZES Vee, rauneny = 7V-n x Vi, FEFRFRNRERE—NRENBERT |, T
TR TR R AR A EEERN— N IRE.

The DESAT diode , s function isto conduct forward current , allowing sensing of the IGBT , s saturated collector-to-
emittervoltage , Vcesar , (Whenthe IGBT is “ on” ) andto block highvoltages (whenthe IGBT is ” off” ). During the short
period of time when the IGBT is switching , there is commonly a very high dVce/dtvoltage ramp rate acrossthe IGBT , s
collector-to-emitter. This results in Iciaree (= Co-pesar X dVce/dt) charging current which will charge the blanking
capacitor , Ggank. In order to minimize this charging current and avoid false DESAT triggering , it is bestto use fast
response diodes. Inthe recommended application circuit shown in Figure 57 , thevoltage on pin 14 (DESAT) is Voesar
=Vr + Ve, (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 isthe number of DESAT diodes then the
nominal threshold value becomesVce, rauray = 7V — n x Ve Inthe case of using two diodes instead of one , diodes
with half of the total required maximum reverse-voltage rating may be chosen.

HiE/fEiE=EIn power/Layout considerations

valueofRG
TE5EHE RoERT |, WRBfIA AT316) BT ERA A TR,
when choosing the value of R , it is importantto confirm that the power dissipation of the AT316J is within the
maximum allowable power rating.
PATILEM LS IRE -
The steps for doing this are:
1) HERNEE R, ;
Calculate the minimum desired R ;
2) &EE 73 HHEIED RIS, (B EEIRAES AT316) AITIFREER vs Rs )
Calculate total power dissipation inthe part referringto Figure 73. (Average switching energy supplied to AT316)
per cyclevs. R; plot)
(3) BELE#2 hitEEmAN. BHINFES AT316) NREAHEFIEHITIR, (NREBEIRAEEFKTE |, FTREEER
= RGELIHEFRIIR | #HAEELSE 2. )
Compare the input and output power dissipation calculated in step #2 to the maximum recommended
dissipation for the AT316J. (Ifthe maximum recommended level has been exceeded , it may be necessary to raise
thevalue of RGto lower the switching power and repeat step #2. )
pln |, ERE—TERERIERT | ALATESENBHINRRE

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

Tow wsx ~ 20A
V., = 18V
Vee = -5V

fCARRIER = 15 kHZ
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HE] LRI o IBETE Re&/IME :
Step 1:calculate R minimumfrom I, peak specification
AT HEFBIEE lo RIRIRAIRTES Ve BIRBSE. Bt NALITXER.
To find the peak charging lo. assume that the gate is initially charged the steady-state value of Vee. Therefore apply
the following relationship.
[Von@650uA- (VoL +VEe)]
RG = lowpeak

[Veeo -1-(VoL+ V)]
= Tovpeak

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

2.0A

10.25Q

10.5Q (for a 1% resistor)

(B 70 T LATERL, Tou HISERRE AT RES MYTZs O fi] SRS 4 550 1 BB T AN .- Note from Figure 70 that the real value of Tor may vary
from the value calculated from the simple model shown.)

B 2:+8E AT316) RRRINFE :

Step2: calculate total power dissipation inthe AT316)

AT316) BI0#E(Pr ) STBWANRINF(P: ) FMEHIRINRP. ) Z40 ¢

The AT316J total power dissipation (Pr) is equal to the sum of the input-side power (P) and output-side power (Po):
Pr=P +Po; Pr=La * Ve

Po = Po@uns) + Po,swricH

=TI * (Vccz-VEE ) + Eswrren * fSWchH

Po (ens) = AT316) FHTEEHRESEEESIHE

Poensy = steady-state power dissipation in the AT316J due to biasing the device.

Po (swrren) = AT316) FRER T ISR FE AR ER T~ ABHSTHERFERL

Poswrrery = transient power dissipation in the AT316J due to charging and discharging power device gate.
Eswren =fE—PFREEIA , BT IIERRMAITFRTIAERIE AT316) hEFIIEEE( W/ cycle ).
Eswrei = Average Energy dissipated in AT316J due to switching of the power device over one switching cycle
(W/cycle).
TR = HBR(E SR
fswren = average carrier signal frequency
39F Re = 10.5 ME 71 RiEVAHER Eswren =6.050), BRIZRAER FFY La = 165 mA
(A Landl L BOFISELSH ) o RUTFY L = 5.5 mA
For Rs = 10.5, thevalue read from Figure 71 is Eswreh = 6.05 pJ. Assume a worst-case average I; = 16.5 mA (which is
given by the average of Las and I.a ). Simiarly the average I.. = 5.5 mA

P. =165 mA* 55V =908 mW

PO = PO(BIAS) + PO,SWITCH

=55 mA* (18V- (-5V)) + 6.051 pJ * 15 kHz

=1265 mW + 908 mW
=2173 mW
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S8 3FITEENIFES AT316) HETRAEHITHR

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
P, = 217.3 mw < 600 mw (abs. max) Ok

Bt |, AEREES A RAREE.

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 600V/100A) (for AT316J output driving an IGBT rated at 600V/100 A)
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ISR Thermal Model

AT316) igih@EdiA IC 9515 4 Fliat IC RSB 9 70 10 kEER, (Lt |, BUERA Ve S1ED | BDSIB0 970 10 ) BITH
fth3 | BB T R EIEHNIMERIRBOA AT LABEE AT | AT,

The AT316J 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.

AT SEHESRAAUSTENTIAE | 5104, 9F0 10 SR, REMBISEATIENE | 125500 8NSEEREE
EXTFERNE—EMRE]. SRTELUTANITE

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 maximumjunction temperature specification of
125, C.Thejunction temperatures can be calculated with the following equations:

Ti = pi (4 + g4A) +Ta

Tio = po (q09,10 + q9,10A) + Ta

Hep pi =$N ICHIE |, po =i ICHITNE, BT q4A 199, 10ABURT pCB HBFISIR | EILEREREEEIEAIN0ER
#HE. Bt |, TA—TARNERHTITESER

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 = Paia + Tpa
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AT | IXEETSFEEKA AT316) $2%60455 ) EAUAEEISINES B 4 FO5 11 9, 10 ASEE

These equations , however , require that the pin4 and pins 9, 10 temperatures be measured with a thermal couple on the
pin atthe AT316J package edge.

MBIERRITIAELTEESLBIETAN :Pi = 90.8 mw, Po = 314 mw, Ta = 1005 , , {(RiRUITTE] 73 Frmhivssy

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 = (908 mw)(60, C/w + 50, C/w) + 100, C Tjo = (240 mw)30. C/w + 50, C/w) + 100, C
=110, C =119, C

REEBE 125, C HBENERAIISEER. A , NERBRVRERIAE PCB HEMRAESANER T | Bt g4A 0
g9, 10A79100, C/w, NEEEZS:

Both of which are within the absolute maximum specification of 125, C. Ifwe, however , assume a worst case PCB layout
and no air flow where the estimated g4A and g9, 10A are 100, C/w. Then thejunction temperatures become:

Tji = (908 mw)(60, C/w + 100, C/w) + 100, C Tji = (240 mw)(30, C/w + 100, C/w) + 100, C
= lll'_-)o C - ]31, C

i IC LSRRI RANE 1255, EXMERT | BEXS PCB MBS TI&T | i IC EREREY 1255,
The output ICjunction temperature exceeds the absolute maximum specification of 125, C. In this case , PCB layout and
airflow will need to be designed so that thejunction temperature of the output IC does not exceed 125, C.

SNESRE 72 pAMERIRGTTRLESRST 125, C |, AT EHEMbiHEE  FEARTSHNTIENE NUE 9 515IF0 10 51HG%NEE
(FEREREAL)

If the calculatedjunction 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 thejunction temperatures.
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Ti =BiNif ICER

T;i =junction temperature of input side IC

Figure 72. AT316Jthermal model

Tji Th Tjo ZEﬁJH:Ilﬁ#Jﬁ IC géu:iu%.
Tio =junction temperature of output side IC
HH‘ =60°C/W HOEIJI] =30°C/W Tra =EI5EINZAS |1 4 1BE
Tesa = pin4 temperature at package edge
Teo, 10 =£32510455 |45 B0 9 #0 10 AG:EE

Tre, 10 = pin 9 and 10 temperature at package edge

Tpy Tpg 10

ﬂim = 50°C/W* Bﬂ 10A = 50°C/W* Bu =HiNim ICEIS|H) 4 BIFEE
' Bu = input side ICto pin4 thermal resistance
T A s, 10 =gt IC 25 | 9 7N 10 AGAEE
Bs,10 = output side ICto pin 9 and 10 thermal resistance
Bua = SR 4 FREAE
041 = pin4 to ambient thermal resistance
69,10 =5 B 9 F1 10 FREEHYA

65,1 = pin 9 and 10to ambientthermal resistance

A RIRATBsA FI00 , 124 EREXIE 74 SIMSEEAI PCB /2. 1RIE
PCB fof3/SiftiENR (Z{EFTREEINENRL 2 15

*The Bsa and B9, 10a 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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EPRIEBERHRT BAYEE IR printed circuit Board Layout considerations

BEREEESHTMASEBIRZ BMNIALRFEBELE, YREEEENR BEIERNE MEBHNELREEKZ ER
HHERRIEINEE, EIEARSIHEESREE | EINFERS | K 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
ofthe printed circuit board. Insufficient spacing will reduce the effective isolation and increase parasitic coupling that
will degrade CMR performance.

EIRESRESNMARTESIEE. AAXESTRETS | AEoRMMREFRSRESRME. REERENERERIRE
KEBRIERRRIRSGRFNTSHIF 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.

B FEIEZEXI TSI 4 (GNDL)FISIE 9 70 10 (VEEYRWERY |, LASCHIERARRITHFE | B0 AT316) FUIRITRN TiHREE
XL [P AEP D AR, STRFESEUATRARE(PCB 3. Siit. SMHHMES)  BXRNAGTHERNIFME
ISO - e

S|4 ( GNDLFIS IR 9 F0 10 (Ve \RELSM |, LISCIEATIRE |, B AT316) IR TR XS [BIF-4AIA R
AR, IRRIFEEURTRAIME( PCB /5. SR, BUHMES. ) XTUIMIHERINFAEE | BEIREEED.
Ground Plane connections are necessary for pin 4 (GND1) and pins 9 and 10 (Vi) in order to achieve maximum
power dissipation as the AT316)J 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 estimatejunction temperature.,
TENHBIAISARITRFSITIASH | PCB SIEIR) | (EFSTIBARASIERE, XIS T R
NETTHRRE | LAREIFISTARIERERRER,

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 , aswell as minimal and improved performance circuits.

Figure 73. Recommended layout(s).
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REHESEIR system considerations

{ERBIBRZ Propagation Delay Difference (PDD)

AT316) GiE—MERERER(PDDGE , EAERIIRTARERELRLIHREF O EHXES. FEXANERS.
RMTh=EAEE 57 A9 QL 71 QIFXRMAIETEER, QL 1 Q2 SEAMHIESEIESH AR RNISEEENSNZ
BRIThERERG | XML LEASTE RS

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.

ARt |, ATRAMEZEXESE | AT316) Iz Q2 FISIBMGZIER(HERST AT316) 3¥a) QL AYKHT) |, IXEHESIA
MERT | SEAE Q2 @R |, BAE QLRIFXMT | WIE 74 Fx. 40, cF 110, cNTIERESTEEN |, STN%E
HETRIERES TEEIERE PDDMAX RIS A(E |, 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 specified to be400 ns overthe
operating temperature range of -40, cto 110, c.

B R AERERIEEST AT316) FRBESHITIDERIE 7 /IVEKHEAT | BFESFRITERATXIEES D,
BATUXENE A T RAFGR/MEBIREEAGEAYEE |, W8 75 . £-40. cE/110. cATRRESEER | AT316J 9
S AGEATIES 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, cto110, c.

BEESIER  BTitE PDD MIZtXA AR ERER REERSEEIINNSAE THER |, FAERIDURER R
ERIERAVE | FREEFXHERA) 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 forzero Dead Time Figure 75. waveforms for Dead Time calculation
g
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YMIZR~T Outline Dimensions

SOP16
75403
8.76310.3
I
@ N - E i
m— \_|_,a" E AL | — E | 10.363:0.3

BA{T unit. mm

BiEERHFE Recommended Pad Layout

1.27
BB

BAT unit. mm

iE  EESFRIENE.
Note:The picture above is the frontview of the product.
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ELREREZE Solder Reflow profile

Package surface temperature Te (0 )

25
EE——
Time (s)
e i BN A LY
Ttem Symbol Min Max. Unit

FRRE

preheat Temperature Ts 150 200 5
fEAURIE]

preheat Time ts 60 120 S
FhREE

Ramp-Up Rate (TL to Ty) - 3 =/s
RIELGRE

Liquidus Temperature T 217 5
REEF T
Time Above Tt L 60 150 s
IBERE

peak Temperature Tp 260 5
TAE(To-5)%0 Tp ZIBAIATIE] 0
Time During which Tc Is Between (Tp-5) and Tp t s
PR

Ramp-down Rate(T to To) - 6 /s

T EVERTOREFARESAM FHTERE | REFERE DR,

Note:Reflow soldering is recommended at the temperatures and times shown, no more than three times.
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RIERBEMZE wave SOIdering prOfile

A
300
260+0/-5°C Wave temperature , 10sec
250~ First wave Second wave
g
200—
']
2
2 150
g 100—|
+— Preheat zone
50— 25 to 140°C

25°C

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

-

F T2k SOIdering with hand SOIdering irOn
A FORKIRMXATFmRESEmUE ;
Hand soldering iron is only used for product rework or sample testing;

B. FTIRHIEEK (B 3605 + 55, HiE<3s,
Manual soldering method Temperature: 3605, = 55, within 3s.
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f23% packing

JC B F summarytable

L BERL BEHE BR¥E @ BREYE BhEREE B AIAE =
SOP16 Reel((p330mmikss) 850 4N/ 2 %/5E 10&/48 450%390*0.1mm Bﬁj’gf:?‘
packageType ackingFom Quanttyper QuantityperBO Quanttyper ntistaticBagspecifcation Note
Reel X arton
Guard band
SOP16 Reel((330mm Blue) 850pcs/reel 2reels/box 10boxes/ctn 450*390*0.1mm .
200mm min.
SRt 8 % Tape& Reel
1) BEHE:850 A,
Qty/reel : 850pcs.
2) SBFEHE:17000 R,
Qty/ctn:17000pcs.
3) ek BR2A.
Inner packing:2 reels/box.
4) REE Schematic :
(P 1640, 1 (Po) 40,1 (P2 2+0.1 (Do) 1. 55£0. 05

() 0.340.02
-1 =

H] | 75801

oo PO b g PO OTFF LGS PS

(Bod 10340 |

2
5|
5= | ! ! !
i s ' | ' S| e+
2 9 7 ¥
= ! ' ! A !
I ¥ f g "'
(DD ®1.554+0. 1
/ www.ATmicro.co
l o m 2023-02

j 225
10. 1
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i¥5 Attention
. BEEEBESAMYHARE. TR, TheEgiRlt | RBNAERNRFRARBITER.

AOTE continuously improve quality, reliability, function or design. we reserve the right to change this

document without notice.
. BETFTFRMAERER [ BEANERANATETRAEBERHMSENRERR AR,

please use in accordance with the product specification. AOTE is not responsible for the quality

problems caused by non-compliance with the product specifications.
 WTFRESTREFZTEMHNRE/EETK | BERERININEEAR.

For equipment/devices where high reliability or safety is required, please contact our sales representatives.
. BRERTEE BT NAR | EEERINNEEAR.
when requiring a device for any " specific” application, please contact our sales in advice.
L I HRRENASELER |, WIBBRREA].

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