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+ FFZIE/RIEE Encapsulation logic schematic

AT316) JRERFAESOLRIGERA, SEEHIERTZ, RUMNBHENTRERES, SHFSOP16E
. 1EECE A= FEK. The AT316J optocoupler adopts high-efficiency photoelectric conversion
technology and advanced packaging processes, providing reliable input-output isolation. It supports
package types SOP16 to meet diverse application requirements.

+ FER451EProduct features

= FN-HHREEBEVios=5000Vrms ; Input output isolation voltage: Vios=5000Vrms

= 15 kV/psE/\HEDE); 15 kV/us minimum Common Mode Rejection

= 15V & 30V BIL{EREERE; 15V ~ 30V Wide operating VCC Range

= [BEHMHER2.5A;peak output current2.5A

= EHHRATIKEN150AF01200V A9 IGBTs; The output stage can drive IGBTs with 150A and 1200V;

= EEEEEES>7.0mm ; Creepage distance > 7.0mm;

= EN-HESEIEE >0.4mm;  Input-Output insulation Thickness > 0.4mm

= PEEAER class1; MSL class1

* F@fTE ROHS, REACH K HF ZFEEMFEEMESK; The products comply with ROHS, REACH and HF;

+ RFAdE; Applications

= TAE#EEIEE :industrial automation equipment; BB F %388 . R A EIRES IR FA R Ffa e e, Used
for inverters, communication servers, improving system stability and energy efficiency;

= REBFERS: Automotive Electronic Systems; FITFEENSERIRNIKG, BFNERS, IERLEMRFFRL
Z; Motor drive for electric vehicles, Electronic brake system enhances safety and switch efficiency

~ FhsEiRAEMLEE: In the field of new energy generation; TEX¢R. KUI&AFBRE, (iLEBEEEIR SEHIZFEOptimize

the process of energy conversion and transmission in photovoltaic, wind power generation, etc;

* BAIXRES: Power transmission system; XRFEEEMMEBMEMRMRMERS, RIERELRINEEET
Support high-voltage direct current transmission and flexible alternating current transmission systems,
Ensure the stable operation of transmission lines
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+ S|HITNEE5ER: pin Function Description

[1] vine VE
=] vin- VLED2 +
3] Vear DESAT
[E] ano Vec2
=] =eer Ve [i7]
[6] 7o Vout
[7] vieos- VEE [[0]
[3] Vieon- VEE
Bl | &S itk
pin | symbol Description
1 VIN + JERARI JBREHER S (VOU TSI Noninverting gate drive voltage output (VOUT) control input
2 VIN- | RABI ISR ESH (VOUT ) B4IEA Inverting gate drive voltage output (VOUT) control input
3 VCC1 | IEENEEREEE, (45V ZE 5.5V) positive input supply voltage. (4.5 V to 5.5 V)
4 GND1 | HiAith Input Ground
FAULT SfEgN. BEREMAZD 0.1us , 5 | FAULT reset input. A logic low input for at least 0.1 us, asynchronously
#E 7 FAULT IS |, H/EH VIN, 2@ | resets FAULT output high and enables VIN. Synchronous control of
5 SEHIRESET 1ERTF VIN, RESET 52 UVLO | RESET relative to VIN is required. RESET is not affected by UVLO.
RESET | 2. 7£ VOUT &SRY#TS RESET R8I Asserting RESET while VOUT is high does not affect VOUT.
VOUT,
fHiRit. &5 DESAT MBHMEREEEIE 7V| FAULT output. FAULT changes from a high impedance state to a logic
Bt , FAULT Bpigi—Nemiiresay=s | low output within 5ps of the voltage on the DESAT pin exceeding an
7E 5us P9 FAULT BUSMERRIAREE2m— internal reference voltage of 7V. FAULT output remains low until
6 MBIE(R B, FAULT @ii—EfRIE . B2 | RESET is brought low. FAULT output is an open collector which allows
FAULT | RESET {2f# {&. AT316) A9 FAULT #ItHE— | the FAULT outputs from all AT316J in a circuit to be connected
MEEEERTTES | R R FAULTH) | togetherina “wired OR” forming a single fault bus for interfacing
LA sy By —RE%EIRR. directly to the micro-controller.
; VLEDT LED1 BEtR. NTHRIESEEFMAOMARS , 15| | LED1 anode. This pin must be left unconnected for guaranteed data
T B MRSAERE. (TR sheet performance. (For optical coupling testing only.)
8 VLED1- | LED1 [BtR. %3 nSistmiss, LED1 cathode. This pin must be connected to ground.
9 VEE IR E Output supply voltage
10 VEE HHERREE Output supply voltage
11 VOUT | iitRIR=IeEEmtH Gate drive voltage output
12 \Ye HHERIRR/E. positive output supply voltage
13 VCC2 | IEfEEIREBE positive output supply voltage
EEFIERESNE B, 24 DESAT HIEB/EE Desaturation voltage input. when the voltage on DESAT exceeds an
14 DESAT 'SBTM'%"ENEJ\:W%B%%EEE 7\{,.,_ . & internal reference voltage of 7V while the IGBT is on, FAULT output is
WHIBISE Sus INSERETRIER— changed from a high impedance state to a logic low state within 5 ps.
BERET.
LED2 . NTRESEEERROMEE |, Ite anode. This pin must be left unconnected for guaranteed data
PR, AT IRESEE MHRE | | LED2 anode. This pi be left d f dd
15 | VLED2+ | gy s (TS UENL) sheet performance. (For optical coupling testing only.)
16 VE INH(IGBT BRI R, Common (IGBT emitter) output supply voltage
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+ {RBR&%1 Absolute Maximum Ratings (Ta =25°C)

AT316J

o s =IME mAE | 8
Parameter Symbol Min. Max. Unit
IERANFEIREE
BARIREE Vel 05 5.5 v
positive Input supply voltage
N A BE VIN+, VIN-
Vot EF”)\%'H*_” = -0.5 5.5 %
Input Input pin voltages and VRESET
g 1C IhE
WA IC IR P . 150 mwW
Input IC Power Dissipation
(B ER R
HERLER Io(peak) ) 25 A
peak output current
= AI. N
HPERHERI IFAULT ) 10 mA
Fault output current
S e R R
SRR Vee2 - VEE -05 30 v
Total output supply voltage
REIBHRIROE VE - VEE 05 15 v
Negative output supply voltage
1EFHERRER 35 - (VE
PR Vee2 - VE 05 ( v
- fanilro positive output supply voltage - VEE)
Output IXEhia HERE
P RS Eﬂmtﬂ & VO(peak) -0.5 Vce2 \Y
Gate Drive output voltage
R VC VEE + 5v Vee2 \
collector voltage
DESAT :
B VDESAT VE VE + 10 \Y
DESAT voltage
AHIC 5iE
Eﬂ]ll:l:ll I:ll.l:l:ll}g ‘ TJ _40 125 oC
output IC Junction Temperature
i 1C iR
WECOPERR Po . 600 mw
output IC Power Dissipation
= AN
BM%%,}_ Viso 5000 Vrms
Isolation Voltage
N=|
IﬂEumJ.E Topr -55 ~+110 °C
Operating Temperature
A==y
PRI Tstg -55 ~+125 °C
Storage Temperature
[=heN=li=g
IR Tsol 260 °C

Soldering Temperature

AOTE All Rights Reserved. Release Date :Nov 1, 2024.
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AYY SEMICONDUCTOR AT31 6J
* HFFIR{ESEMH Recommended Operating Conditions
£ s =IVE EBXE =1}
Parameter Symbol Min Max. Unit
I N=}
{’E”’“{E TA -40 +110 °C
operating Temperature
SNEEJREEE
BB vt 45 5.5
Input supply Voltage
IE\ A" :/\ S
LRI VCC2 - VEE 15 30
Total output supply Voltage
R EIREE
StHEBIREAE VE - VEE 05 15 v
Negative output supply Voltage
IEfIHREIREE
@.‘:!jEE,,J?EEI,}_ VCC2 - VE -0.5 30 - (VE - VEE)
Positive output supply Voltage
R VC VEE +6 VCC2
Collector Voltage
(=S Ee 248 32
ﬂEl‘.lE.E:FthEEmu |OPH B 25 A
Peak high-level output current
mﬂ NP 323
BB aHER |OPL ) 25 A
Peak low-level output current
DESAT R
B VDESAT VE VE +10 \Y,
DEsAT Voltage
i 1C IhE
wECopER Po . 600 mw
output IC Power Dissipation
TRz
ﬂzﬁ% f - 50 KHz
operating frequency

AOTE All Rights Reserved. Release Date :Nov 1, 2024.
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* FaiFEsEiProduct characteristic parameters (Ta =25°C)

BRAERAIRAE, BEYENEEAE TA =25°C,VCC2 -VEE =30V,VE -VEE =0V J§; FENSIVEIRER
#E FTESME, Unless otherwise noted, all typical values at TA =25°C, VCC2 -VEE =30V,VE -VEE =0V;All
Minimum/Maximum specifications are at Recommended Operating Conditions.

o s £ B BB BX | B | &iF
Parameter Symbol Condition Min. | Typ. | Max. | Unit | Note
ZEREMARE VIN+L, VIN-L 08
Logic Low Input Voltages VRESETL ’ v
ZIEERARE VIN+H, VIN-H 20
Logic High Input Voltages VRESETH )
ZE(RIMNER IIN+L, [IN-L
EABEMAST VIN=04V | -05 | -04 ; ;
Logic Low Input Current IRESETH A
m
EIZERAHERFRFAULT Logic VFAULT =
RERR LR g IFAULTL 50 | 12 - 25
Low Output Current 04V
ER e R HERFRFAULT Logic VFAULT =
&Bﬂl&$§m5ﬂutﬂ I g9 IFAULTH -40 ) ) uA 26
High Output Current VCCi
VOUT =
ETEESFEA,:HEE:K VCCZ 4V '05 -1 5 -
= | -
|—_|. Al b IOH 1,6, 27
High Level Output Current VOUT = 20
VCC2-15V ' A
VOUT = 10
iR oL VEE +1.5V ' 2,7,
Low Level Output Current VOUT = Y 28
VEE + 40V '
&= ‘js\ k 7y 323
EFEAS TRO(RER S HER R VOUT - VEE
Low Level Output Current IOLF 14V 90 140 230 mA 3,29
During Fault Condition -
SR HEE 4,6,
= TR VOH OUT =-100 mA | VC-3.5 | VC-25| -
High Level Output Voltage v 30
FEIHERE
R VOL IOUT = 100 mA - 0.1 0.5 5,7, 31
Low Level Output Voltage
PSRBT\ FEIREE R High Level VIN+ = veCt
SEEFHMANEBEIRERHigh Leve
o ICCTH =55V - 16 | 22
nput Su urren
p pply VIN-= 0V 8, 32,
VIN+ = VIN- 33
{REE RN BREE R -0V 3 11
Low Level Input Supply Current ICCIL Y
P PPY VCC1 =55V
P ™ 90
HEHTBRTE Icc2 VOUT = Open 25 5 T
Output Supply Current - 34,35
NZ== 323
PR ICL IOUT = 0 03 10 13,54
Low Level Collector Current -
%T NZ== 323
R ICH IOUT = 0 - 03 13 13,53

High Level Collector Current
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8% s =4 B | BB O RBX | Bu  &F
Parameter Symbol Condition Min. | Typ. | Max. | Unit | Note
VE [z b pry
R FHRRR IEL - 07 | -04 0 mA | 12,56
VE Low Level Supply current
VE _I=;T [z b Py
'?EEJH#EEEE”'“ IEH - 05 | -0.14 0 mA | 12,35
VE High Level Supply current
HISEIA B FRERE R Blankin VDESAT=0-6V,
BPEREES » I
IRPee S 9 ICHG ~ VDESAT=0-6V,| -013 | 024 | 033 | mA | 11,36
capacitor charging current
TA =25 -100°C
N o 25B|anki
’Eﬁ%%ﬁ%%@%’”“ anxing IDSCHG VDESAT =7V | 10 30 - mA | 37,38
capacitor Discharge current
IF =10mA,
VUVLO+ 11.6 12.3 13.5 \Y, -
UVLO Bl VOUT >5V
UVLO Threshold IF =10mA,
VUVLO- 9.2 11.1 124 \Y, -
VOUT <5V
UVLO i®ig VUVLO+ - 12 y
UVLO Hysteresis VUVLO- '
DESAT Bl Vcec2 -VE >
VDESAT 6.0 6.7 7.5 \Y, 14,39
DESAT Threshold VUVLO-
) piin J&Threshold lo = OmA,
.Em)\@EEEmME@Jn ' IF(ON) ) 20 50 A i
input current Low to high Vo > 5.0V
) EMEENEThreshold lo = OmA,
.Em)\@{EEEJ_ M@EMEE VF(OFF) 06 ) ) v )
input voltage High to low Vo < 5.0V
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* FFXi51ESESwitch characteristic parameters

FRESAEE, TA =25°C, VCC2 = 30V, VEE EtitFrEHEYE; FEsIVEAIISESEEEENTIERHET.
Unless otherwise noted, all typical values at TA = 25°C, VCC2 = 30 V, VEE = Ground; All Minimum/Maximum
specifications are at Recommended Operating Conditions.

s Hs ES L = BaRY BX | B &I
Parameter Symbol Condition Min. Typ. Max. Unit | Note
Vin BlE kR R AYE]
Vi to High Level Output TPLH 0.10 0.30 0.50 1? 12
tion Delay Ti ey
propagation Delay Time 19,20,
Vin BRI (ERERAT s 40, 49,
/& Vin to Low Level Output TPHL 0.10 0.32 0.50 50
propagation Delay Time
— Rg=10Q,
ﬂ’?'?’ﬁﬁfﬁj_ _ PDW cg =10nF, -300 20 300 ]
pulse Width Distortion f=10 kHz,
EERNERD Z BEREEIERE Duty cycle = 50%
propagation Delay Difference PDD -100 - 100 -
Between Any Two parts
10%Z 0% LA
— Tr - 50 - ns
10% to 90% Rise Time 40
90%Z! 10%HY FBEAiE] TF - 50 -
90% to 10% Fall Time
DESAT ENXZ 90%19 VOUT ZER TDESAT Rg=10q,
. - 03 0.5 21,51
DESAT Sense to 90% VOUT Delay (90%) Cg=10nF
DESAT ENXZ| 10%H5 VOUT FER TDEEAT VCC2-VEE ) 20 30 22,5141
DESAT Sense to 10% VOUT Delay (10%) =30V
DESAT 1B HERFEAARES3ER TDESAT
DESAT Sense to Low Level FAULT (FAULT) - - 1.8 5 42,51
Signal Delay
DESATEHEEIDESATRAE D REY TDESAT
j&] DESAT Sense to DESAT Low (Low) - 0.1 0.25 1.0 51
Propagation Delay us
DESATEHEE A TS SHDAR ) TRESET
DESET to High Level FAULT Signal (FAULT) - 3 7 20 23,51
Delay
HIESHNTEEE PW ) 0.1 ) ) )
RESET Signal Pulse Width RESET
UVLOEWOUWQ%&LBE UVLO to TUVLOON) ) ) 50 )
VOUT High Delay m
UVLOZIVOUTRHERER UVLO to TUVLOOFR) VCC2=1.0ms ) 5.0 )
VOUT Low Delay ramp
R EERSTHAE Output TA=25°C,
High Level Common Mode Transient ~ [CMH| VCM=1500V, 15 30 -
i VCC2=30V
Immunity Kv/us |4546,47,48
IR EERSTHAE Output TA=25°C,
Low Level Common Mode Transient |CML VCM=1500V, 15 30 -
VCC2=30V

Immunity

www.aotesemi.com
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+ EEIFEMZElectrical characteristic curve(Ta =25°C)

Fig.1 Output High Current vs Ambient Temperature
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Fig.2 Output Low Current vs Ambient Temperature
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Fig.4 High Output Voltage Drop vs Ambient Temperature
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Fig.5 Output Low Voltage vs Ambient Temperature
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Fig.7 Low Output Voltage vs. Output Low Current

Fig.8 Supply Current vs. Ambient Temperaure

Ambient Temperature Ta(°C)

8 25 T
| e ——ICCTH
S —_—25°C _/ 2 | 11 —
=2 6| ——-0C E -
? / = ———
g ° 7 L —_
A P _ £ -
o 2 o e g
L 3 // /4/ S 10
3 -
c 1 >
3 2 -~ f/,/’ =
-
g 1= “Z/ i 0
= 0 =
0
0 05 ! 15 1 25 40 10 20 50 80 110
Output Low Current-loL(A) Ambient Temperature Ta(°C)
Fig.8 Supply Current vs. Ambient Temperaure Fig.10 Output Supply Current vs. Output Supply Voltage
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Fig.13 Collector current vs. output current Fig.14 DESAT Threshold vs. Ambient Temperature
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Fig.19 Propagation Delay vs. Load capacitance Fig.20 Propagation Delay vs. Load Resistance
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» MiXEBEEEITestCircuits Diagrams

Fig25. IFAULTL test circuit Fig26. IFAULTH test circuit
[ ViN: VE ’ VN VE
0.1J_ 0.1 yF 10 mA o.1l
4 ) HE — Vin- VLED2+ 5V HE — Vin- ViED2+
T Veed DESAT T Veet DESAT
—{ GND1 Vee2 —] GND1 Veez
04v(3 S N
* RESET Ve v RESET Ve
FAULT Vout FAULT Vour
IFAULT — IFAULT —
VLED1+ Vee VLED1+ Ve
—1 Viep1- VEe — VLED1- Vee
Fig27. IOH Pulsed test circuit Fig28. IOL Pulsed test circuit
! ViN+ VE Vine VE * *>
°-1l 0.1 pF_L 0.1 uF_L
5V HE — ViN- VLED2+ T (3 Vin- VLED2+ TG
—|— Veer DESAT | = Veet pESAT |- <Y
— GND1 Veez _lo1pF GND1 Veez o uF
RESET Ve [—1s5v RESET ve B 01HFL
PULSED @) . CD
FAULT Vout Foor— | TTeov FAULT Vout 40V
VLED1+ Vee 0.1 yF V0LED1+ VEe
—I —[ PULSED
—1 VLED1- Vee [—* ¢ VLED1- Ve | .
Fig29. IOLF test circuit Fig30. VOH Pulsed test circuit
ViNg VE ? ViN+ Ve [
04 | 0.1 uF_L °-‘l 0.1 uF_L
5V WEL | — Vi VLED2+ -G sv/\HE — Vin- ViED2+ TG
Veet DESAT J S0 —|— 1 vee DESAT el
» ——4
—1 GND1 Veez _l _loapF —1 GND1 Veez J loapr
RES Ve L{ ] RESET Ve
TR lqur C:) P Vout Cﬁ
FAULT Vout %0V FAULT Vour | T3ov
v v To.1 v v Toa
LED1+ EE o LED1+ EE oa  |wF
Yy PULSED,
— VLED1- VEE — ViLep1- VEE .
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Fig31. VOL test circuit Fig32. ICC1H test circuit

? —1 Vin+ VE _L ! ViNs Ve
01 0.1 pF 0.1 v ¥
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-l_ Veer DESAT |— ozt cct
— GND1 Vee2 0.1 F — GND1 Veez
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— + —_—
FAULT VouTt C—) FAULT Vout
vour | |30V
VLED1+ VEE [ To.1 VLED1+ VEE
WF
— VLED1- VEe — VLED?1- Vee
Fig33. ICC1L test circuit Fig34. ICC2H test circuit
\7 v 3
— ViN+ VE —L IN+ E _L
0.1 0.1
‘:“1:_ | —1 VIN- VLED2+ - HF —] Vin- VLED2+ WFT py
55V(+ T 30V
C‘) — Veet DESAT Veet DESAT
Icct lcc2
L
+— GND1 Veez - GND1 Veez _|oapF
o 5
FAULT Vout FAULT Vour | o1pr L “T3ov
VLED1+ VEE VLED1+ VEE —|
—] VLeD1- VEE —] VLeD1- Vee
Fig35. ICHG pulsed test circuit Fig36. ICC2L test circuit
ViNe Vg Vine VE 1 t
o1l 1 o1 L
0.1 1]
WF — Vin- VLED2+ W T (3 Vin- ViLED2+ T (%
24 lcra 30V
Veer DESAT |—= A Veer DESAT
IE(_;?
GND1 Veez J _lo1ur | GND1 Veea _loayF
RESET Ve RESET Ve
&) €
FAULT Vout 0.1pF _L 30V FAULT Vout 01pF L 20V
VLED1+ VEE —| VLED1+ Vee —'I
~— VLED1- VEE y VLED1- VEE :
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Fig37.UVLO threshold test circuit
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Fig49. ICH test circuit Fig50. ICL test circuit
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Figh4. VOUT propagation delay wave forms,non inverting configuration
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o BARSHURS{RIFIGBTI JIEENEBEE Typical Fault Protected IGBT Gate Drive Circuit
AT316) B—H BT ERNE6eMRIKaNEE, HIGBTHIVCE HIS(RIPENRE, KFLE, ST, BFA
BCERAN. SEAEIEMVCE ., XEME (UVLO) | IGBTEKEIMREHIERIREINRE, LISRARENIR
R RIEMHEF IR BRI,

The QX316J is an easy-to use, intelligent gate driver which makes IGBT VCE fault protection compact,
affordab e, and easy- to-implement. Features such as user configurable inputs, integrated VCE detection,
under voltage lockout (UVLO), soft IGBT turn-off and isolated fault feedback provide maximum design
flexibility and circuit protection.

1] Vine VE |16 J_ J—
4 L+ _|CeLank
—E Vin- ViLepz+ |15 T T —"
Dpgsar
100 .
3] ! N
N 3| veor DESAT [14 —AAN D=
+ +
Hc C—) T < YE
RF§ 4 | GND1 Veez |13
_ Lo
5 | RESET Ve EIJ s é) Rg
i T R e
6 | FAULT Vour |1 _
7 | VLED1+ Veg |10 +\*
—— ¥
'—E VLED1- Veg | 9 ¢
RPULL-DOWN —||< VeE

1. SIS TRIR(EREE Description of Operation during Fault Condition

DESAT #izi@id DDESAT 5= IGBT VCE H/E

DESAT terminal monitors the IGBT VCE voltage through DDESAT.

= DESAT imRYsEE#EE 7V BY, IGBT [JEBE (VOUT) EIEFHIK

When the voltage on the DESAT terminal exceeds 7V, the IGBT gate voltage (VOUT) is slowly lowered.
FAULTIItHRFE RS, SRS iR

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

= HIREREUE S AN

Microcontroller takes appropriate action.

2, §i=# Output Control

AT316) B9 (VOUT #1 FAULT)E VIN, UVLO FieiEIRY IGBT Desat {RiF#zHl, SNTFRM7Z~ , AT316) 7]
Ao BIER VIN+EL VIN-BAKIRERIEEAFRE. SFERENRER, VIN+RRRIFESET, Filig VIN-
. SHREREIFRMER |, VIN-RRRIF (RBF , F# VIN+ , —B UVLO Z&3f(VCC2 - VE > VUVLO) |,
VOUT #eiFimtiimeEEE , AT316) Y DESAT #@ilIHEESA  IGBT (RIFIIEERIR, UVLO FEHR
DESAT R9IhBE. —B VUVLO+ > 11.6 V, DESAT #4T{F , HEJ VUVLO- <124V, It , AT316) A9
DESAT #&ilf0 UVLO INeEMRITAE , LABBRIFEERY IGBT £RIF,

The outputs (VOUT and FAULT) of the AT316J are controlled by the combination of VIN, 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 VIN+ or VIN- inputs respectively. when an inverting configuration
is desired, VIN+  must be held high and VIN- toggled. when a non-inverting configuration is desired,
VIN- must be held low and VIN+ toggled. Once UVLO is not active (VCC2 -VE > VUVLO), VOUT
is allowed to go high, and the DESAT detection feature of the AT316J will be the primary source of
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IGBT protection. UVLO is needed to ensure DESAT is functional. Once VUVLO+ > 11.6 V, DESAT will
remain functional until VUVLO- <12.4V. Thus, the DESAT detection and UVLO features of the AT316)
work in conjunction to ensure constant IGBT protection.

UVLO Desat condition | Pin6 (FAULT)
VIN+ VIN- . VOUT
(VCC2-VE) Detect on Pin14 Output

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

+ BBIRRNATIEE Typical applications and operations

1. WEERFENSHEIPEAREN Introduction to Fault Detection and protection

— MR =IET RN RR S R ESHMRENNIE | A RS HHIEIH=R IGBTsEAREAMIAE, XL
PSR ATLAD A PIMER SR R TRFEERERGIR A R SERIBMEERTREE. AT IRAETEER
SHRUEFEIES SR, HRES RS HEUANMRIRENEBEE FRVAH-EE. EEU—FESFRERME T, 8D IGBTs
HEERESTUEIEN, & BUSERITIFEAIAR. SEmEREARGaEMERES | IGBTSHIAR, FHEKBRE!
REIRAVEE E EFHEIERE FKFELLE. SRIIEINAIIFERIES IR ST AFAFZENIAR, 77 PIRIAIREES |
WIRSEREERIRIF, LUBDBRIIHER & AR,

The power stage of a typical three phase inverter is susceptible to several types of failures, most of hich
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.

— IR R AR RMRIEN A EESNFIR ARV | BieShlt, FERITHEE | BiRiRTE
BOEFE . BATIERMERS T SRR PRIGER. ZFBROREEER. A, {o¥ER. K1
FAFU/ NS, 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, RAE=F(EEApplication Word Information
AT316) BB TREIR. KERELERE. BATRHZENSERE. IGBT AN, KR —1ER
BHE NSESRIREMEI— 16 3IHEEHIRE,

AOTE All Rights Reserved. Release Date :Nov 1, 2024. www.aotesemi.com




A\ AOTE AT316)

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.

AT316) SRR A RE T N IGBTRYEAN(SREEIR) FBIE, FEEmBREFEE ERER AR
BEE ALTSCILAY. IVRAREB S EEIEMEA IGBT 125 SRR, PHLF A RIEEB k., EAEEIR
BIBIAEKTEZRD | KEIGBTRET, TEIGBTRUPAZSHARE, SEtNEBIRAR, LG ERRITEE" 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
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.

SNSRINFF[AAIEIREENCHN | BREIBRRIFASRENE IGBT BiRLABLIEEEM |, E2UMNRMRIKEEE
PE(RENNEE 1§ IGBT HoiEE , MinFmiEgEM. BEEENERBEREE , AT316) BMEEMMRIEKENEBEEAR
BRER TEEERE] IGBT AUTHFE. HIEAUMENTTIERS— M EIPRINS R IGBT RIThiE |, AR
Wi | FuR— P EREERTNE £THFIERE. Bt | FRESTRTITERBIENRMRF 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
AT316J 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. ¥FRiAMBIERecommended Application circuit

AT316) BEEREMIEREMRIEFIEAN , — P EREEFEMGNI— I TIREBRRSIERY | ERT "5
" BRI A, B 57 hETRRIHEEN RN T ER AT316) AYEEIMHRIKAIERER,

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.

MU ERIRFSIREE SRR (0. 1uF)EF KBHSIRIBHS KRR, AT REERIESUR |, —NMIZER(SmA)BEIR
HBEHBT. DESAT “IREF 100pF RIS ZEPEALNEBER PO ART/DRISNBTTH. #RFERE(100) FRTBREHR
WFTEEEEIT, FHEHIGBTESRERFEER EFAFITREATE). FHREERMIRREEE— AR LA 3.3kQfM—1
330pF RYIEIKEEE. VOUTHI47kQTAEEE AR M— NI TR SEE R E(VOH), XM, S
ZISFRRT, IGBTI JAKzIRREXHT, BRIRUERIRENEL(ESEA2REFE.

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 VOUT provides a
more predictable high level output voltage (VOH). In this application, the IGBT gate driver will shut
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down when a fault is detected and will not resume switching until the microcontroller applies a reset
signal.
Fig57. Recommended application circuit
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* 179 REEBehavioral Circuit Diagram

AT316) BITREITHEEI6OFRIBIBER T, ZEBERD A T AT316)REFIINBMESHMEE/ERTIF.
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. 8@AINPUT

FEIEEFRENT, RMENF s, SEEiFRf RSB GESEFILEDES, SiEmbdTRBRIT
BRE, S5 ISR GBTHMRAGES]. ZHelZSrER, SrEmEfIESHAKYTT, SRk
THRBF BT, ESLEDHEEHXinHmTRET). ENSEEEEE, EESNS IMBRITALL,

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. |HmHOUTPUT

=AHEMEEEFIIREIEsE AR LEDESAIRE . UVLOTIEIRES. NRIGBTESBRRENEME , B
HEEEBESTUVLOBE, NILEDESHEHIKaaPmtins. BERMRPE— M EMRE, LIHAREHHRAY
HHRIFITL XEXKEARENSE, MFRGUEIXERT, TTELEDIRSME, Bts#50x DMOSIRE AL
. WRAELEDESSREIFIGNEIGBTXIBHHE | #IRESHRMFESHERS, =EAMEF] 50x DMOS
IREREER, — MM 1x DMOS TR EHIENE , 1SN IGBTHIMR AR . tHpEE=2VEATRS |, 50x DMOS
REBXFE | GIGBTHE MREFFEMHUEVEE L. SISESHRFIEFESHEPRS BEILEDESXHU.
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
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, 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.

Fig58. Behavioral Circuit Schematic 250 pA VE (186)
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Fig59. Output pull-down resistor ~ Fig60. DESAT pin protection  Fig61. FAULT pin CMR protection
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3. HithiFa9BE Other recommended components

57 ThROR FEFBEREIE— NaE THFERE. — DESAT SRR, —4 FAULT SIRIEBZ(330pF)F0—
4~ FAULT 3| B EHUFBIA.

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 THIEBZE, Output pull - Down Resistor

EmHAEETAEREE MEEEME ERE VCC2  FHREEHE 3 NIREEELUA. IRSHERESY
METEE T HHBEESE A REE EFHIZE VCC2 -3(VBE)S VCC2 ZiEl. AT HEHmHEEREIE
VCC2 -3(VBE) gilfEmtinsS  VEE ZjaEE— " THiAEfE RPULL-DOWN  LAME7ERE AESBER4E)L
A 650pA RUERTR. TRFEEEEEATIERRFENE , afLMEIEAT Rpull-down =[VCC2 -3 *(VBE)]/650
HA FHTEEE,
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During the output high transition, the output voltage rapidly rises to within 3 diode drops of VCC2 . If
the output current then drops to zero due to a capacitive load, the output voltage will slowly rise from
roughly VCC2 -3(VBE) to VCC2 within a period of several microseconds. To limit the output voltage to
VCC2 -3(VBE), a pull-down resistor, RPULL- DOWN 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, Rpull-down = [VCC2 -3
* (VBE)] / 650pA.

5. DESATS|H{R{FDESAT pin protection

5 IGBTsiEENEER _IRESE AN ET _IREEMEEESENBSIENEE, XAJEsSHDESATSIH
FrER KRIRMERIERE, MNRARIURIPEIERE | SNERBERPERAERR. N TRX M ERREE
REIRIAEERLEBERAUZKF | FERBA—1100EBAYEEE SDESAT AR E&HEX, XM FTEMEEARSHEE DESAT
ERl{EE; DESAT;EaRTE).

The freewheeling of fly back 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. mCMRAYFAULTS|HI_LAYEBE capacitance FAULT pin for High CMR

SR TESIRNEN, REERSERIEIREREE. SRR ENEZE—330pFEERR(E 60) ,
ZEE CMRA15kV/ ps BY, FIERIGEBAICMOS FAR. BRI, BB ARG INKE
BIHIER,

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/us. The added capacitance does not increase
the fault output delay when a desaturation condition is detected.

7. FAULTS|E) RS ERiFBBAZEpull-UP Resist or on FAULT pin

HES MR — el AL | EEE— LhEERRESBEFES.

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

8. WFSCMR, EBIFHEICMOSEKTTLIEEIEEEDriving with standard CMOS/TLfor High CMR
MEEREEREEMANR S RINBENESEEE CMR EERG]. LREEIXMES |, LIRS
CMR tt g8 WASIE VIN+F VIN-BREBEREMNES | LALLEERGIERSSE MM, N
BB EREL N AIFEME AUBINIKENEEE | SNESEEARFTERGEH. EN(ERRER CMOS 5 TTL IXaNFREE
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

9. AT316JiSA iR ELEuser-configurationottheAT316JInputside

VIN+ VIN- ,FAULT #0 RESET 385 RIS S EFItREc Sk aTae , BARBURTEHIKENEK,
AT316) EREBREMAEREMMRIERBNERT "8 NSRRI RSIRER B NREFEELImA.
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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 for wired, OR,applications
and an active low reset input.

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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10, AT316JIERERIBIEIN A DrivinglnputpfA316JinNon-inverting/Inverting Mode

AT316) ROMRIRENER EMH AT LAGERVIN-FIVIN BN B R8I R E, ME62F R SR EREIFREN
JBITEEIEREE] GND1 48 VIN-{RIFERESF Fi# VIN+, ME63MR SAFERERERT VIN+EEE|
Vel BRFES B F0#E VIN-

The Gate Drive Voltage Output of the AT316J can be configured as inverting or non-inverting using the
VIN- and VIN+ inputs. As shown in Figure 62, when a non-inverting configuration is desired, VIN- is held
low by connecting it to GND1 and VIN+ is toggled. As shown in Figure 63, when an inverting
configuration is desired, VIN+ is held high by connecting it to Vcc1 and VIN- is toggled.

11, BEBXER, FBEBE(iiLocal shutdown,Local Reset
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SN 64 Fim X4 AT316) MitkIKa=eIEREmE o BIR TIN HAEESIERER JRIMES ML HRET |
MERIEBHIF=HIRS.

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.
12, £5BKHr, £3BE1iGlobal-shutdown,Global Reset

SNEI6SFN, HREARIBERIFR, BT FAULT BHBERIVING |, AILUE AT316) IRENESIERER FE
shKHT. T ETEEREREEE | 8 AT3 16 IRERER L AT LAE— M MERNSIE RS BEEFE—iE |
TR — M ERIRRY SRS ERSHIEFIREEN. 26 MtkikaisshayHI—MENREERR |, MR ESE
EIRZARIX6 AT 16MMRERNRE, MBI — AR,

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 be wire ,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.

Figure 65. Global-shutdown, global reset configuration Figure 66. Auto-reset configuration
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Figure 67a. safe hardware reset for noninverting Figure 67b. safe hardware reset for
input confiauration (automaticallv resets for everv noninverting input configuration
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13, BiE({iAuto-Reset

SNEI66R~, HRABVIN-NEEZIME(REIFRA) BY , @I RESET &EZEVIN+ , AILUSAT316)IREN
B#ELL, EXMERT, EXFERT, SN REINIRBBANRIIS R NiREIRiEsE Sk EL
HPEMTFRR. 1EIGBT IEE IR , MiESMNRRFTH. REHERE, MIRIEMRFEIESIERTE,
BIEMREFIESTAE) RERSHEESENTT. NRIITIEHIESHESLNPW MES, NEPEHTFRET
T RBNESEEIT—EENL

XMECETZ IR ERIF IGBT, A T\ EAESRIZRIEE L. HfEHHTIIETEES OR 5
SKIREEAIEE 28 |, (BEXMBHMEMEET, ZESTERTEHEN. WEESENMEMELRIPIGBT |, 7
T "R BRZRIEHEE. HiEhHaT LSRR —RREMERE, BXMESASETI(ED
EE) kETVEHBEN. SATI16IRENEHMENRT, RIENGENSIEESIKTEE 3.

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. Duringnormal 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, BESIESRH#HTTEEResetting Following Fault condition

AT ESFRAS(FAULT BitREEE) SIRSIESRIFREME | RESETS M/ AREF, LIRSS SIS
BIFRRHEEFAULTIIL () . FERERESETEMAMEEEZAET , MAVIN ) FXRESHRIZE KL (VOL
) REEERES., XPLIBERHMEFRRERNE, BaBEEESSRESETESSEERIMNESHITRAL, X
AILUB s HIESEREANE | BB RIS RESETEESSENMNESHITRE. B67a FrmAER
EBMANERET, 48 RESET i&EE VINHESHITZEEHMEN. B 67b B TITEE VIN+/ RESET {5
5, EREMEHIEERY RESET (55 BALTERE-KERE, R, B 67cHE 67d 27 BaIEM
MiEHRREMN TR ENRBRAIRE.

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 input to be
in the “output-off” ,state. Similarly, Figures 67c and 67d show automatic RESET and microcontroller
RESET safe configurations for the inverting input configuration.

15, AFEEQX316JiEHMRGHIAi%EEZEUser-Configuration of the QX316J Output Side RG and
Optional Resistor RC;

MREBFERG (LARVCC2FOVEE) BIK/IVRRE T #itk7e/iEBERIR (ION,PEAKFIIOFF,PEAK) AYSRA(E, ELbRL
IZEEELAICE RENIGBTHIRY . BE A SR ISR BRI ERS/ N T AR IE(E (ION,PEAK<IOFF,PEAK
) o« XFXFER, STLAER—ENEREE (RC) FIRGRIMIZNTEION, PEAKFIIOFF,PEAK, MAHE(ER
BR_IRE, (FAxH, &%E68, RRRG ELHE, FHIRITIOH,PEAK =0.5 A, RCAYERILIRATENS
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iZhit: The value of the gate resistor RG (along with VCC2 and VEE) determines the maximum amount
of gate-charging/dis charging current (ION,PEAK and IOFF,PEAK) 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<IOFF,PEAK). For this condition, an
optional resistor (RC) can be used along with RG to independently determine ION,PEAK and
IOFF,PEAK without using a steering diode. As an example, refer to Fig 68. Assuming that RG is already
determined and that the design IOH,PEAK = 0.5A, the value of RC can be estimated in the following
way:

[vCC2 - VOH -VEE]

RC + RG =
IOH,PEAK
av- 5»)]
0.5A
=180
RC=8Q

16, RAIMRERREHIESMLER Higher Output Current Using an External Current Buffer
ATIRS IGBTHHRIKNRERR, FILAEREAFRIEE R P2 (UNE69FRAINpn/pnpEifas), RIBELSEIBAIHE
(RIFBIEAGRES, NOERER. A7 ENIERG MRIFIGBTANEREMS 1, TEEMARIVEEE hashikr—
MOnFE BB, HAERHAALE npn/ pnpEikZEEA—MO0QRIEE. MID44H11/MIDASH11 ERTE&
K 8A gYEEiAR., D44VH10/ DASVH10 EHTFHEAK 15A BIEBR. 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 Figure 67d. safe hardware reset for inverting input
input configuration configuration (automatically resets for every VIN- input)
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Figure 68. use of Rcto further limit ION, Figure 69. current buffer for increased drive
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17. DESAT —iREFNIDESAT({E DESAT Diode and DESAT Threshold

DESATiRERMERESIBIEMETR, FILAANIGBTAYEFISEENR-R5IREE. VCESAT (HIGBTAFSEBIA
SRS) FHIEMTSE(ZSIGBT XBT'BY). EIGBTXETAVERIAEIA, IGBTEEREILIIIRZ EEEFEIFESHY
dVCE/dtEB[E EF+ER, iXHiF=4 T ICHARGE ( = CD-DSATxdVCE / dt)FEFEEIRT, ZFEEEBIRGIE RS
CBLANK#H{T7EE, AT RERDIXF FEBERT, ERIRMADESAT, RIFERRIEMN _RE. EES57F R
AUHEFN FEERER S, 5IR014 EAYEE/E(DESAT) ZVDESAT = VF + VCE, (HHVFADDESATHIEEFEEE,
VCEAIGBTHYSREER-RFIREEE). iR DESATARHESFAULTRAAIVCEER X EAT7V-VF, MIRFE, T
B E A%/ DESAT iR & BREXKIERIXDESATEEREE. & n ADESATZIRENE, WIFREERS
VCE,FAULT(TH) =7V-n x VF, EFERARN_RERE—NZRENBR T, JLUSESRRARBESRE
BERN—FA"HkE. The DESAT diode’ s function is to conduct forward current, allowing sensing of the
IGBT' s saturated collector-to emitter voltage, VCESAT, (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 dVCE/dt voltage ramp rate across the IGBT' s collector-to-emitter. This results
in ICHARGE (= CD-DESAT x dVCE/dt) charging current which will charge the blanking capacitor,
CBLANK. 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 Fig 57, the voltage on pin 14
(DESAT) is VDESAT = VF + VCE, (where VF is the forward ON voltage of DDESAT and VCE is the IGBT
collector-to-emitter voltage). The value of VCE which triggers DESAT to signal a FAULT condition, is
nominally 7V- VF. 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
VCE,FAULT(TH) = 7V- n x VF. 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/fHRRBiFSHER Power/Layout Considerations

1. ERAAIFFREINE (RGHIFAEE(E) FBEMAIE{TOperating Within the Maximum Allowable Power
Ratings (Adjusting Value of RG)

TEEIERGIERS, HEEAQX316JHNIIFERASITIFE BN,

When choosing the value of RG, it is important to confirm that the power dissipation of the QX316J is
within the maximum allowable power rating.
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PATICRM PRI IRE
The steps for doing this are:
(1) HEE/NBERG;
Calculate the minimum desired RG;

(2) BEETHEZITHOINEINE. (B EHRELBQGB16JMFIFFXEERVsRG) Calculate total power

dissipation in the part referring to Fig 73. (Average switching energy supplied to QX316J per cycle vs.
RG plot)
) BESBER2TITERNEA. BHIFESQG16INEXIEFIFERTIR. (IREIRAHETTFKTE, A5
FEIR SRGELIFREFXIIER, HESEL K2, ) Compare the input and output power dissipation
calculated in step #2 to the maximum recommended dissipation for the QX316J. (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.)

BN, FERE—TEGRER T, ILATERENGHINZIRFE: As an example, the total input and output
power dissipation can be calculated given the following conditions:

ION, MAX ~ 20 A
VCC2 = 18V
VEE =-5V
fCARRIER = 15 kHz
ST RIBIOLIEEITERGER/IME: Step 1: Calculate RG minimum from IOL peak specification
AT HEIFRBIEEIOL, RIIRAIEFEAVEERRSE. Eitt, MAUTXE.

To find the peak charging IOL assume that the gate is initially charged the steady-state value of VEE.
Therefore apply the following relationship.

[Vou@650uA-(Vo +Vee)]
G= lot,pEak

Ve 1-(Vor+ Vel
= loL,peak

18V-1V-(1.5V+(-5V))
) 2.0A
=10.25Q
=10.5Q (for a 1% resistor)

(MWBE70FLIEE, OLNXEMREJTESATTNERERE T EHNEBEMAR.
NotefromFig70thattherealvalueof IOL may vary from the value calculated from the simple model
shown.)

#£12: HEQX316JHHIETINFE:  Step2: Calculate total power dissipation in the QX316J
QX316J) SI0#E (PT) FF@mAmINZR (Pl) flimtisli= (PO) ZH:

The QX316J total power dissipation (PT) is equal to the sum of the input-side power (Pl) and
output-side power (PO):

PT = Pl + PO; PI = ICC1 * VCC1
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PO = PO(BIAS) + PO,SWTICH = ICC2 * (VCC2-VEE ) + ESWITCH * fSWITCH
PO(BIAS ) = QX316) BT =HRESHAVSINFE
PO(BIAS) = steady-state power dissipation in the QX316J due to biasing the device.

PO(SWITCH ) = QX316J) ST IR FT iR M= BB ST ERAER

PO(SWITCH) = transient power dissipation in the QX316J due to charging and discharging power
device gate.

ESWITCH =fE—MFREHERA, BT IR RIMAEREQX316)hRITIIREE (W/ cycle).

ESWITCH = Average Energy dissipated in QX316J due to switching of the power device over one
switching cycle (WJ/cycle).

SR =FIERIE SR, fSWITCH = average carrier signal frequency
SIFRG=10.5, ME71RiEEEIERESWITCH=6.05, BGSRFERTFEIICCT = 16.5mA

(RICCTHFOICCTLAEYFIELRE) . S¥MUTFFIFICC2 =5.5mA; For RG= 10.5, the value read from Fig 71 is
ESWITCH= 6.05 pJ. Assume a worst-case average ICC1 = 16.5mA (which is given by the average of
ICCTH and ICC1L). Simiarly the average ICC2 = 5.5mA;

Pl = 16.5mA * 5.5V = 90.8mW ; PO = PO(BIAS) + PO,SWITCH
=55mA* (18 V- (-5V)) + 6.051 wJ * 15 kHz

= 126.5mW + 90.8mW

= 217.3mW

LRI BitEHMNDIESQGI6IMNEN R AEHITILE; Step 3: Compare the calculated power
dissipation with the absolute maximum values for the QX316J: For the example

P1=90.8mW < 150mW (abs. max.) ; PO = 217.3mW < 600mW (abs. max.) OK OK

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

AT316) igit@dmA IC RISIM 4 Fid 1C BYSIED O #0 10 skégh. (ALt | WHUERA ™ VEE SIH ,
BISIB 9 70 10) BIH (b3 IMSBI I EEEHNINRARRSOA N T LB AT | AR FEE,

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 LA RAIUESHEAITIFE | 518 4. 9 0 10 YREEstE, REFMBIRATIERME | 1255
BRI RALEEME BXITHFENE—EMRE. SETEELUTAINITE :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:

Tji = pi (qi4 + g4A) + TA

Tjo = po (q09,10 + g9,10A) + TA

HepPi =FNICRITNER, Po=MiHICAITHZ, BT q4ARq9, 10ABURTPCBRBMSR, RIAELEERE
MEVER FE. B, TE—TAEBMREITELR: Where Pi = power into input IC and Po = power
into output IC. Since g4A and g9,10A 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:

Tji = Pigi4 + TP4

Tjo = Poqo9,10 + TP9,10 Copyright ©2023 Qunxin All Rights Reserve

2T, XL TRER FAQX316) 53 B AU (BIU R 3| 9470131199, 1040 These equations,
however, require that the pin 4 and pins 9, 10 temperatures be measured with a thermal couple on the
pin at the QX316J package edge.

MBTERRITHFEITESLBIRIAN: Pi=90.8mW,Po=314mW,TA=100°C, , {RIRUNTE73F7RAIMREY From the
earlier power dissipation calculation example: Pi = 90.8mW, Po = 314mW, TA = 100°C, and assuming
the thermal model shown in Fig 73 below.

Tji = (90.8mW)(60°C/W + 50°C/W) + 100°C = 110°C

Tjo = (240mW)(30°C/W + 50°C/W) + 100°C = 119°C

REEE1 25 CRYEN R ANISTEBER. AT, WRBEAMRREAIPCBHREILIAESRIIER T, Hphithl
g4AF0 q9,10A 73 100°C/W, Mg5EZTA: 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
g9,10A are 100°C/W. Then the junction temperatures become: Tji = (90.8mW)(60°C/W + 100°C/W) +
100°C = 115°C Tji = (240mW)(30°C/W + 100°C/W) + 100°C = 131°C

BICEREBEIRANIG125°C. EXFER T, FEXNPCBIMBEIISRHTRIT, FRBICHERERE
13125°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
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output IC does not exceed 125°C. WIRE72FHERINITELEREST125°C, AT7THERBGIHER T2
ERESHNITERS TUESIHFI103 |HASEE (TEREENSLL) If the calculated junction temperatures
for the thermal model in Fig 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

Figure 72. AT316Jthermal model .. N N
J Tji =N IC 458

Tii Tjo Tji =junction temperature of input side IC
Tjo =Hittis IC 458
B4 =60°C/W 609,19 = 30°C/W Tjo =junction temperature of output side IC
TP4 =314ENEAIS|H) 4 IRE
Tpy Tpg,10 TP4 = pin 4 temperature at package edge
=i\ H \jJ Ay :E =
Bgp = 50°CIW* O 100 = 50°CW" TP9, 10 =3%NL5(HISI) 9 #1 10 AUEE
TP9, 10 = pin 9 and 10 temperature at package edge
Ta 614 =fN\is 1C ZU3IH 4 HOIAGE

014 = input side IC to pin 4 thermal resistance

619, 10 =HtHim IC RISIE 9 0 10 AYAEE
019, 10 = output side IC to pin 9 and 10 thermal resistance

B4A = Sl 4 LA

04A = pin 4 to ambient thermal resistance
69, 10A =5|i) 9 0 10 IFHE

09, 10A = pin 9 and 10 to ambient thermal resistance

*IEARERAYO5A 169, 12A ERHNE 74 SRAEN
PCB /3. #RiE PCB fmE/SmiER iZETTREEINERD
2 & *The 64A and 69, 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.

+ ENRIEBERHRT R BAY;ESEEIR Printed Circuit Board Layout Considerations

BERERRSEHTMASERIRZ BN IR R RBAYERE. TSR BRI MERH SRR X
ZIER HEEN&/NEE. EERNERFREIIREE, EINEERE, FECMRIERE. 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.
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RS RESHNMARTESTIE. EAXRESITRETR, ASoAIMMRERRZRESREM. RFRRENEIRE
BIRE KESFRIERENEIRSGEITFMFXKR. 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.

EEFEIERS TS5 BI4(GND1)F05 [BI9F110(VEE) @ ERY, LIS ARITHFE, EAQX316JMRITEATIH
FElE XL I ERIARR O RE. ERFREUR TR AIME(PCBE. Sint. HUHES), BXRINTH
IHERRNFRE B, B2RRMEEES.  SIEM4(GNDT)FIS IO 10(VEE)FER, LASCIIEATIRE, A
QX316 FITHEAUBITIX LS |- ERAER D A&, ERRIFRRBEIR T AIME(PCBHE. SR, M4
BE, ) XFUNEEHESEEREE , BSIEREIEES, Ground Plane connections are necessary for pin
4 (GNDT1) and pins 9 and 10 (VEE) in order to achieve maximum power dissipation as the QX316J 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.,

THEEEFIES RIFIEIRZIRFAEE, PCBOER), ESMMHBLERESIEE. XU MIFRE T
BEEM WETHHRE, URRNISHOMEEREE. 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.

Minimum Components placed on two sides Maximum Components placed on two sides

2@1
pen |
=i B

3 m

Total Area=0.39 sg.in Bottom Total Area=0.46 sq.in  Bottom

Minimum Components placed on one sides Maximum Components placed on one sides

= B0 B 3R
85 3 O

Total Area=0.54 sq.in Bottom Total Area=0.61sq.in Bottom
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SEMICONDUCTOR

+ BYHFEEIN System Considerations

{EREFEIRZPropagation Delay Difference (PDD) QX316) BiF— MEBILRER(PDD)SE, SEREIRIT
AREINRPFERTHREFHD FEXATE", FEXAFEES. 1EE{AJIJJ$EE'E{7K*‘“(I57EPE’JQ1%DQZ)i’S%I%ﬁE’\JH?
B, QIFIQLSEIIHIESHESERERNESREENSNZ BaIh=E, XE— ML LEAYE
ERMEMSRMH., The QX316J includes a Propagation Delay Difference (PDD) speaﬂcation 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 Fig 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.

FERENRIT, ATHRIMESEXEIE, QX316JIKa1QAISIEMIZIEIR (FEXIFQX316J3RENQTHIKET), X
A UBERT, ARAEQLSER, RIANEQIRIFXNT, WET74FTR. £-40°CEIT10°CHITIEREEEN
 SERNZE HATRREIRES TEBIEIRZPDDMAXIIRAE, BIfERE/9400ns, To minimize dead time in
a given design, the turn-on of the QX316J driving Q2 should be delayed (relative to the turn-off of the
QX316J driving Q1) so that under worst-case conditions, transistor Q1 has just turned off when
transistor Q2 turns on, as shown in Fig 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 be 400 ns over the operating temperature range of-40°C to 110°C.

BId R AEEITIEEYS QX316 HBESHITIERA R 7 &/ EXIEAZE, EHSESFRITERATXATE
B0, BRFEXKEEESTREAMG/IMEEIEENTENEE, NE7S5FR. £-40°CEIT10°CHITIERE
SEEIRN, QX316J89 & AFEATEI9800ns((=400ns-(- 400ns )) ), Delaying the QX316J 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 Fig 75. The maximum dead time for the QX316J is 800 ns (= 400ns- (-400ns)) over an operating
temperature range of-40°C to 110°C.

EETERR, ATitHEPDDMZIXEAMERRERZERENEEIRFME FIER, EEEAI S
BELE ERtEINMNE, HERFXHEEBERIGBTs, 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

<—|E

. ViNe VE
oa] T
5v HE —1 Vin- VLED2+ o1 T (3
uF
T Veer DESAT b
— GND1 Veea _I _loaprF
RESET Ve
o =@
FAULT Vourt 0.1 uF T%0 v
VLED1+ VEe —|
— VieD1- Vee
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Figure 75. waveforms for Dead Time calculation

—1 VIN+
0.1
vF — ViIN-

T Vce

+—1 GNDt

RESET

FAULT

VLED1+

— VLED1-

Ve
VLED2+
DESAT
Veez
Ve
Vour
Vee

Vee

-—Ig

AOTE All Rights Reserved. Release Date :Nov 1, 2024.

www.aotesemi.com

AT316J



A\ OTE AT316)

+ YMEZR<FOverall dimension

10.5%0.2 g1

SOP16

7.5%0.2 A§ 10.510.2 8.510.2 9.0x0.2 S'STO'E

muin
— [
[EEIN
W
T TIT]

0.2£0.1

HEFIRE

Recommended

—U.6
| JHiRRREEEE—

10,2

{HIBE0REE
ul o/ BE{7: mm
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¢ FFmESHEMU Order code
AT 316J - UNY - W (V) (Z2)
@ O ® @ ® ® @

@ AT Company Code (AT: B4 Aote)

@ r=ER%%! Product Series (316))

® HEZEEY Lead Frame (Cu: $A#EZE Copper,Fe: $KHEZE Ferrum)

@ RPEZA Epoxy Type (H: o= Halogen-free)

® IER/R Package (D:DIP, S:SMD)

® BMHTIERESEE Device Operating Temperature Range (15BEIEEMNEZTH Special Range need
to be filled in or left blank)

@ PIEBANFERAS Internal Supplementary Code  (#&FaEZH Number or None)

+ EPZE{ER Marking Information
* Epzeh v AL REESRMLOGO

“ IN" denotes LOGO

= Ep==ch "Y" RFEEHD; A2018),B(2019),C(2020) ... ... % E E E E E % E
“Y" denotes YEAR: A(2018), B(2019), C(2020) ... ... O
* Bl "WW" REES AN}

"WW" denotes Week' s number 316J
TR E RRAEHS YWWER

“E" denotes Internal code

* EDFEy "HY RERFER

“H" denotes Halogen-free
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+ @3packing

HERA (2= BHE | EHE | BEE BREESAINS 2E | AOESH 18 &/E
Reel g 50 NS,
= = = % % % * % *
SOP16 ($330mm 15 850 R/&| 2 #/&| 8 &/#F | 450*390*0.1mm _:fr?] 340*75 | 650*375*365mm s 100 AESHE
Package Pl R Quantity | Quantity | Quantity Antis’Fa.tic ?ag I??x . C:in.ton. Note
Type per Reel | per Box |per Carton| Specification |Specification| Specification
Leave 50 Spaces at
Reel 850 2 8 the beginning and
SOP16 450*390*0.1Tmm | 340*340*75 | 650*375*365mm
($330mm Blue)| pcs/reel | reels/box| boxes/ctn mm 100 Spaces at the
end

- fmifEE Tape & Reel

1) E55E: 850 R; Qty/reel: 850 pcs;

2) BEME: 13600 R; Qty/ctn: 13600 pcs;

3) NB%: & 2 &, Inner packing: 2 reels/box;
4) ;”REE Schematic:

p
o
- (P1)16£0.1 (Po) 4£0.1 (P2) 2+0.1 (Do)o1.55 60
) M .03:002
a SO TOO PO COOOOOOOOPFO OO0
| & . ‘ .
3 = cTH [T !
J @ = | I » I . S 4
: %ME T 17
| | : |
(D1)®1.55+0.1
2.0+0.5
$13.0+02 ||
7 )
G 2 |
g 3 :
il e 2 —
{ $21.0+08 =y L
17.5+1.0
21.5+1.0
BARI: mm

AOTE All Rights Reserved. Release Date :Nov 1, 2024. www.aotesemi.com




AYY SEMICONDUCTOR AT31 6J
+ AJEEEME Reliability Test Items And Conditions
SERIRE SEITE SEIRSRY 51 FEmEy FiRE
Test Items Reference Test Conditions Time Quantity | Criterion
= Tsol= (245+5) °C, )
AIREE JESD22-B102 sol= (245%3) 1 %1 times 22 0/22
Solderability t=5s;
T3z
ﬁ'ﬁ;l“l:.:?%,& Tsol= (260+5) °C, )
Resistance to JESD22-A106 t=10s 3 JR3 times 22 0/22
Soldering Heat -
BREEIEE Ta=25°C, HBM ERE 3 R
JESD22-A114 10 0/10
ESD-HBM (2000V) P&N 3 times /
)=l
High emperature JESD22-A103 Ta=125°C 1000h 22 0/22
Storage
RENF
Low Temperature JESD22-A119 Ta= -55°C 1000h 22 0/22
Storage
»/\\*n\ _ o, i) — /) N
A JESD22-A104 A R 300 X 22 0/22
Thermal Shock 125°C(15min) 300 cycles
EiREamie Ta=25°C, IF=50mA ,
RIRA A JESD22-A108 @ m 1000h 22 0/22
Lifespan Test Vce=5V
SREINE Ta=110°C, IF=20mA ,
i JESD22-A108 | " 1000h 76 0/76
DC Operating Life Vce=5V
EimEeRE
High Temperature Ta =85°C , RH=85%
High Humidity JESD22-A101 IF=0mA , VCE=64V 1000h 22 0/22
bias Voltage
=18
Hi h??ffrature Ta =110°C , IF=OmA
9 . P JESD22-A108 VCE=80V 1000h 22 0/22
bias Voltage
=EESR
Hi 'I'?}:Ti;sls_uﬂrif:team JESD22-A102 P=15PSIG , 121°C, 96h 22 0/22
gnp o 100%RH
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+ EiFEEERZE Solder Reflow Profile

275 -

= 10S Max 300

250 I 5o50¢ P 215 | yserc 10§_:Illax
o S O 250 FTTTTTRTTTLTme e a
T 200 [yg3ec #3 Mg, "~6°C/S Max T oz L220C  FOSMa/
2175 F 2 200 F qqne N 6°C /5 Max
B 5 180°C
@ 150 [T s e R
e 125 | ! 1905 Max! 2 150 ___5_0__C_| | 10s0s)

I 1

2 100 L22 : 2 125 - 01705 Proheating,

75 L [fle———— 100 - ! '

0 160-120S Preheating i 75

N 50 \4°C/S Max
25 4°C /S Max 25
0 L 1 L 1 | 1 L 0 1 1 ] 1 1 ] 1 ]
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 400
Time ( sec) Time ( sec)
=
Bi5HIFE Lead Process FokRHIF2 Lead Process

+ BIgRREM&E Wave Soldering Profile

B0 P e e e e e e e e e e e e
260+0/-5°C  Wave temperature, 10sec i

5

1

250 | '

~ First Wave Second Wave 1
Y :
e 1
[§) 1
= 200 +200°C fsec i
g -5%Cfsec i
£ 150 1
@ +2°C fsec H
E’ 30 to 80 sec i
] i
= 100 F !
1

1

+— Prehead zone !

50 25 to 140°C i

1

25°C 1

0 30 60 90 120 150 180 210 240

Time ( sec )

+ FTI8¥IEHE Soldering with hand soldering iron

A FTIREKIENAT - mER e @i

Hand soldering iron is only used for product rework or sample testing;
B. FTIReRIBEK: IBE 350°C + 5°C, HJ[E)<3s,

Hand soldering iron requirements:  Temperature:  350°C = 5°C, within 3s.
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+ ¥& Attention

* BSHSASESEANEANE, RSB IZHRERE, SRS HIAENRBIREE,
AOTE implements dynamic technical updates. Specifications are subject to change. Refer to the official
website for the latest version.

* AFFFERERAMEBRENRERY, FEcEER (BEENRTEH. S, IERSBIKRT) 8
IR, NMERERIBEER.

Users must strictly adhere to specified conditions. Failures caused by misuse (overload, high
temperature, incompatible circuits) are excluded from warranty.

* EriRsE. TS XRnSNAR, FERARASTHEIRIEFIIIES 2.

Contact technical support for customized validation in critical applications (medical devices, industrial
control).

* AEBMEIE20255128310, REEFEELTEMNA SHEE,

This document is valid until Dec 31, 2025. Updates will be notified on the official website.

* UIBIRASHEN AL EZH TH—LHA, WREE L N RERE T 335

For further clarification on technical specifications or application solutions, please contact us through
official channels:
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