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iR Description

AT331) EB— AlGaAs LED, LED SEAEIHEHRAIEMBIRICFRE. AT33L IFFEESIKNEBIESIY
I RRN FAFRRITNER IGBTs #1 MOSFETs, XSGR RMIBEMBEREHIFEESEREKMNMEESIX 1200
V/100A 9 IGBTs, XMTESINRERA IGBTs , AT331) BT IRENHS EesHHaAT IGBTs [ IHRIEENEE.
AT331) RUBEEBIEST Viorm =891 Veeak,

The AT331J contains a AlGaAs LED. The LED is optically coupled to an integrated circuit with a power output
stage. AT331) are ideally suited for driving power IGBTs and MOSFETs used in motor control inverter
applications. The voltage and current supplied by these optocouplers make them ideally suited for directly
driving IGBTs with ratings up to 1200V/100A. For IGBTs with higher ratings, the AT331J can be used to drive a
discrete power stage which drives the IGBT gate. The AT331J has an insulation voltage of Viorm = 891Vpeax.

4544E Features

IGBT ki

SRAIEERHER : 1.5A
BABERLER “Soft" IGBT Turn-off

1.5 A maximum peak output current

2/ NEEE BT 1.0A - ERANBEEBEETISZEE ¢ Viso = 5000 Vims

1.0 A minimum peak output current Input-Output Momentary Withstand Voltage :
BRIERBIER : 250ns Viso=5000 Vims

250ns maximum propagation delay

IR E U

Desaturation Detection

KENTH{Z

Miller clamping

1.0A B9BTEKENSHAL , IZBAFIRT AN Vee Fa82
1.0A Miller Clamp, clamp pin short to Vg if not used
HENXESERI (UVLO)

Under Voltage Lock-Out Protection (UVLO) with
Hysteresis

PRE TS SERR IR R IR

Open Drain Isolated fault feedback

SO-16 %

Available in SOP16 package

80ns RABKEELE (PWD)

80ns maximum pulse width distortion (PWD)
B/NEREHIEIEL(CMR) : 15kV/ps (Vew = 1500 V)
15kV/us minimum common mode rejection (CMR) at
Vewm = 1500V

BRAMEBER lccmay < SMA

Iccmaxy < 5MA maximum supply current

Vee TYEEE: 15V~ 30 V

Wide V¢ operating range: 15V to 30 V
BIEREBE: -40°C~105°C

Wide operating temperature range: -40°C to 105°C

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




A\ ASTE AT331)

iR Applications

PRRESZY IGBT SRS ELIh= MOSFET AR IK]

Isolated IGBT/ Power MOSFET gate drive

LR ERET IR

AC and brushless DC motor drives

TP ERFOARERTERIR (UPS )

Industrial inverters and Uninterruptible Power Supply (UPS)

HIEMFEEAE Package and Schematic Diagram
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S|EN5EE8 Pin Description

AT331)

Vs

Vs

CATHODE

FAAFMAAAERR

CATHODE

i
&

-

]
i
=

T EEEE

=
3

SIE "s fili®
Pin Symbol Description
1 Vs BNt Input Ground
2 Vea IEABINEREE (3.3V~5.5V) Positive input supply voltage (3.3V to 5.5V)
Fault output. FAULT changes from a high impedance State
WSS, 24 DESAT MHBHASEESE/mE 7V AT to a logic low output within 5ps of the voltage on The
FAULTHIS SIH— TR EEBIREYES , £ 5us i DESAT pin exceeding an internal reference voltage of 7V.
3 FAULT FAULT Bl M SRR ASEE IS — N BiB(Em, £ | FAULT output is an open collector which allows the FAULT
[E—eRERREANIg FAULT BILL "85 iBiEiEEst—sg | Outputs from all AT332J in a circuit to be connected
EHET B AL, together in a “wired OR" forming a single fault bus for inter
facing directly to the micro-controller.
4 Vs RIAIE Input Ground
5 | CATHODE | BBk Cathode
6 ANODE | PH#& Anode
7 ANODE | [Hi% Anode
8 | CATHODE | Btk Cathode
9 Ve Bt IREEE Output supply voltage.
10 Veame | SREDSH{ Miller clamp
1 Vour MRIREEE R Gate drive voltage output
12 Vee MR, Output supply voltage.
13 Vee IEFHERIREEE Positive output supply voltage
HROE NG|, 24 DESAT HLEZE IGBT S Desaturation voltage input. When the voltage on DESAT
1 DESAT J‘Eﬂﬂﬁiim%g’ﬁ%%;f 6.5V B Eﬂﬂﬁﬁﬂjﬁ#‘aﬁﬁv exceeds an internal reference voltage of 6.5V while the IGBT
= ’ ' is on, FAULT output is changed from a high impedance state
Sus POARIBREH R — MEIBIREF to a logic low state within 5ps.
LED anode. This pin must be left unconnected for
15 Vieo LED fEfR. A THRIESERRAERE | LS IBULARSS guaranteed data sheet performance. (For optical coupling
T, (VTR testing only)
16 Ve BA(IGBT &5k FEIRREE Common (IGBT emitter) output supply voltage.
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FmESiaN Order Code

AT 331J - UNY - W (V) (£Z2)
@ © ® @ © ® O

@ FEMHFS Company Code ( AT: 5245 AOTE)

@ FFRE% Product Series ( 331J: 331))

® HEZR2EEY Lead Frame ( Cu: #a#EEE Copper)

@ HAEEAY Epoxy ( H: FB&g Halogen-free)

® F%EH( Package (S: SOP)

® SBMHTIFRESBE Device Operating Temperature Range (45T EIRIERZESH Special Range or No )
@ REB#MFELRS Internal Supplementary Code ( #=Fa&%H Number or None)

ED=F{E8 Marking Information

* Epzerp AT Bk LOGO
“Mi" denotes LOGO
EN=rh "Y' REREM) © A(2018), B(2019), C(2020)... ...

“Y" denotes YEAR : A(2018), B(2019), C(2020) ... ... :I J N n |' [ ﬂ
* B "WW KFES il 11 11 1} :
"WW" denotes Week’ s number I

Ep=eh "B AUERAERMES

“"E" denotes Internal code

. ETEFY W RETS, ARG/, Ut YWWEH
%‘?EE L) -
In the second line, “"H" denotes Halogen-free, when the ] l‘ IBIRIRIEI |—[

product has halogen/lead-free, leave this blank.
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@ISR Insulation and Safety related specifications

=] s #E By it
Item Symbol Value Unit Note
MEINIREEIHS |, IOAASRIEIEERE

NEraRERs

. L 83 mm Measured from input terminals to output terminals,
Creepage Distance

shortest distance path along body.
MBNmREEtHis , BI=SHSAEIES

SIEIRR
BRI . L 83 mm Measured from input terminals to output terminals,
Clearance Distance shortest distance through air.
IR 05 REFEFIERNERZ BRVBRIE R
Insulation Thickness Pl ’ mm Insulation thickness between emitter and detector.
IE{EFREFRE
Peak Isolation Vottage Viorm 1500 Vpeak IEC/EN/DIN EN60747-5-5.
BSIREEE
Transient Isolation Voltage Viorm 8000 Voeak IEC/EN/DIN EN60747-5-5.
PREEEE .
Isolation Voltage Viso 5000 Vims For 1 minute.

HTFEIRIESRE Recommended Operating Conditions

28 s BvE BAlE B

Parameter Symbol Min Max Unit
TeRE .
Operating Temperature Ta 40 +105 ¢
NGRS ES)
Input Voltage (OFF) Vrorn 0 08 v
ETPNGERHCR D)
Input Current (ON) lron 7 16 mA
SRR

AR (Veca - Ver) 15 30
Total Output Supply Voltage
R FEIREEE
BB (Ve - Ve -05 15 v
Negative Output Supply Voltage
TESHH AR
Positive Output Supply Voltage (Veez - Ve) 1 30 - (Ve - Vee)
SR FIEERLER o] 1s A
Peak high-level output current PH B ’
IR ERLAET oo | ] L A
Peak low-level output current P ’
DEST /%
DEST Voltage Voesar Ve Ve+10 v
B IC %
Output IC Power Dissipation Po - 600 mw
SR

I1’E»% ¢ 50 KHz
Operating frequency -
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RPRES%) Absolute Maximum Ratings

e ws BvE BAlE 14
Parameter Symbol Min Max Unit
fEFRE 0
Storage Temperature Ts w5 1 ¢
TENRERE
Operating Temperature Ta 40 +105 ¢
ICER
-4 1 °
Output IC Junction Temperature E 0 1 ¢
MmN
Average Input Current v ) 2 mA
IE{EBFSMARTR
( <1 psfk$3EE , 300pps)
. Ircrran) 10 A
Peak Transient Input Current -
(<1 ps pulse width, 300pps)
RIEMEINFEE v 5 v
Reverse Input Voltage ®
B EERLHER 15 A
“High” Peak Output Current OHIPEAD ) '
R IE{ERTAER : L5 A
“Low” Peak Output Current OLPEAD - ’
EMNGEREE v 0 s y
Positive Input Supply Voltage «“ ’ '
R HER R 80 A
FAULT Output Current s ) ’
RS PR y 05 v y
FAULT Pin Voltage FAULT ‘ ot
LRI 05 i v
Total Output Supply Voltage
N (Veea - Vi)
R FEIRFEE
Total Output Supply Voltage -0.5 30 \
(Ta290°C)
i ERIREE
SRR Ve Ve 05 " v
Negative Output Supply Voltage
IEHHERIREEE
Positive Output Supply Voltage (Veca - Vi) 0> 30 v
MR AN EIH R v 05 v v
Gate Drive Output Voltage OPEAR) ’ «
THAIEERIR ; 10 A
Peak Clamping Sinking Current famP - '
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B #s BvE AL sy

Parameter Symbol Min Max Unit
KENTHS [BIFBSE v 05 y y
Miller Clamping Pin Voltage Clamp . .
DEST /% y
DESAT Voltage Voesar Ve Ve +10
B IC IThik
Output IC Power Dissipation Fo 0 600 mwW
WA ICINE
Input IC Power Dissipation A - 150 mw
BMANBHNSAZRE
Input-Output Momentary Viso 5000 Vims

Withstand Voltage

Copyright © 2023, AOTE All Rights Reserved. Release Date :Nov 1, 2022.
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HY¢451E Electro-optical Characteristics

PRIEBHEWE , HMEUENEMETE Ta=25C, Vea - Vee = 30V, Ve - Ve = 0 VG ; FIENESIVERAHIEEHRE

ERR (S SL N

Unless otherwise noted, all typical values at Ta=25°C, Vccz - Vee = 30V, Ve - Ve = 0 V; All Minimum/Maximum
specifications are at Recommended Operating Conditions.

28 s =IVE BERNE BXE =1y E S &t
Parameter Symbol Min Typ Max Unit Condition Note
| =11mA
St e s 0.1 04 \ FAULT
Eﬁﬂﬁﬁiﬂ{mﬂj‘zﬁmu VFAULTL - VCCl - 55V -
FAULT Logic Low Output
I =11mA
Current 0.1 04 \Y FAULT
- Vcc1 =33V -
B ER R | ) 0.02 05 pa | veur =55V )
FAULT Logic High Output FAULTH Vea = 35V
Current ) 0.002 0.3 pA vrauLT = 3.3V )
Vcc1 = 33V
SR TEEER 205 15 - A Vo = vcc2 - av
High Level Output Current lon 418
igh Level Output Curren 20 Z Z A Vo = Vecz — 15V
{EEESE e : 0.5 15 - A Vo = Ve + 25V 519
Low Level Output Current ot 20 _ _ A Vo = Vee + 15V '
BB T AR TRt
Low Level Output Current lotr 90 140 230 mA Vour - Vee = 14V )
During Fault Condition
S FEHREE v
High Level Output Voltage on
AR E
017 0.5 \ = 3521
Low Level Output Voltage Vou - lo = 100mA
THALS BB E
. VtCIamp 2.5 V
Clamp Pin Threshold Voltage - - - -
REE R
Clamp Low Level Sinking lew 0.5 11 ) A Vo = Vi + 25 )
Current
=== d==N b=
IEJ'%:FEEIEEEUIL ICCZH 25 45 mA [O - OmA
High Level Supply Current - 6723
{RFE SRR v
25 4.5 mA =
Low Level Supply Current lecat - o = OmA
RIEHESEE A TR
Blanking Capacitor Charging IeHe 013 -0.24 -0.33 mA Vpesar = 2V 8,24
Current
TRIEHE SRR
Blanking Capacitor Discharge DSCHG 10 30 - mA Voesar = 7.0V 25
Current
DESAT & Vi 6 6.5 7.5 \ Veez -Ve >V 9,27
. . -Ve > - ,
DESAT Threshold DESAT o iE mHwe
UVLO Bia Vuvio+ 105 116 125 \Y Vo >5V -
UVLO Threshold Vivio- 9.2 103 111 v Vo <5V ]
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o s =IVE BERNE BXE =<1y =i &t

Parameter Symbol Min Typ Max Unit Condition Note
UVLO iR
UVLO Hysteresis (Vowo: - Vomo) 04 13 - v - -
WNBEEE RS o
Threshold Input Current Low | - 20 5.0 mA b= -
to High Vo >5V
BNBERENSENE
Threshold Input Voltage High VenL 0.8 - - Y, - -
to Low
BINIEMEEEE
Input Forward Voltage Ve 12 16 195 v k= 10mA -
WANEMSBEEIEERE
Temperature Coefficient of AVE/AT, ) -13 ) mV/°C ) )
Input Forward Voltage
WMAREELEFREE
Input Reverse Breakdown Br 5 ) ) \ lk =10A )
Voltage
BNBE 20 . f=1MHz
Input Capacitance G - - P Vi =0V -

FFEHHE Switching Specifications
FRAESAWEA . Ta = 25°C. Ve = 30V, Ve BtAIHIATEHEYE ;| FTER/]VEAISBEEEFNTIERMET.

Unless otherwise noted, all typical values at Ty = 25°C, Vccz = 30V, Vee = Ground; All Minimum/Maximum specifications are at
Recommended Operating Conditions.

28 s =i Bagy BX =1} E oGS &it
Parameter Symbol Min Typ Max Unit Condition Note
EAS AR AR )
Propagation Delay Time to toin 50 180 250 ns
. 11011
High Output Level
1213,
(R H P A E R AR 26
Propagation Delay Time to teHL 50 180 250 ns
Low Output Level Rg = 200,
N Cg = 5nF,
B EERERE '
Pulse Width Distortion PWD -80 30 80 ns f = 10kHz )
. Duty Cycle = 50%
EER B EEEZ BRERE L = 10mA
SERE :
. . Veer = 30V
Propagation Delay Difference PDD -100 ) 100 ns )
Between Any Two Parts or
Channels
EFtaE
Rise Time t - 50 _ ns i
TREEE
Fall Time t - 50 _ ns )
DESAT #&UIZE 90% VOUT FER Cogsar = 100pF 14,27
DESAT Sense to 90% VOUT tDESAT(90%) _ 0.25 0.5 Ms Rg = 20Q), Cg = 5nF, 3’2
Delay Veez = 30V, Re =21kQ
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28 s = L) =7 =1} 5i¥ it
Parameter Symbol Min Typ Max Unit Condition Note
DESAT #3Z 10% VOUT ZBER Coesar = 100pF, 151617
DESAT Sense to 10% VOUT tDEsAT(10%) _ 20 30 Ms Rg = 200, Cg = 5nF 2’7 32
Delay Vee = 30V, Re =21kQ) '
| Mz ==
%F;;};ﬁﬁ%ﬂﬁ&ﬁq:ﬁﬂﬁ == Cogsar = 100pF,
b v
0.25 05 =2, = 2732
DESAT Sense to Low Level ToesaTFAULD - Ks R: 2_1;2(’)\/?2 ~ 530;/’
FAULT Signal Delay g =R tg=on
ES I N
}?ﬁ;ﬁiﬁrﬂi?;gg] DESAT fR8F4% Copesar = 100pF,
VSHY
0.25 =2. = 2732
DESAT Senseto DESAT Low | (DEATOW - - ks Re =21K0 Cg = 5nF,
Propagation Delay Veez = 30V, Rg = 200
DESAT I NE¥ = 5 32
DESAT Input Mute REsETOMUTE - - " -
Coesar = 100pF,
Re =2.1kQ, Cg = 5nF,
N - 1 20 Ms -
s ESEMZEEB TR Veez = 30V, Rg = 200,
121} tRESET(FAULT) Vea =55V
RESET to High Level Fault Coesar = 100pF,
Signal Dela =21kQ, Cg = 5nF,
J Y 0.8 15 25 s Re =21k Cg
Vccz = 30V, Rg = ZOQ, -
Vcc1 =33V
=R B IR oy Ta = 25°C, I = 10mA 28,29
Output High Level Common |[CMy| 15 25 ) kV/us Vew = 1500V, 30'31
Mode Transient Immunity Ve =30V '
R ia R HlaE 1D Ta = 25°C, V¢ = OV 2829
Output Low Level Common [CM| 15 25 - kV/us Ve = 1500 V '
. . ™ ' 3031
Mode Transient Immunity Ve =30V
UVLO F=RER
UVLO turn-on delay tovio on - > - Hs k=10mA, Vo > 5V -
UVLO XFRER
tuvio oFr 5 Ms F=10mA, Vo <5V

UVLO turn-off delay
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BRRYYCERYF RIS Typical Electro-Optical Characteristics Curves

Fig.1 Vour propagation delay wave forms Fig.2 Output High Current vs. Ambient Temperature
IF g
E‘ o
=
(=R
E}
90% z
50% g
Yo /S S
— i | =— —=| tprm b— : : | . . g
Ambient Temperature-T,[*C)
Fig.3 Output Low Current vs. Ambient Temperature Fig.4 High Output Voltage Drop vs. Ambient Temperature
5 {
g = i ==== Vout=YEE+15V E. o
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- iy
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FRE: s §e W
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Fig.5 Output Low Voltage vs. Ambient Temperature Fig.6 High Output Voltage vs. Output High Current
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Fig.7 Low Output Voltage vs. Output Low Current Fig.8 Clamp Low Level Sinking Current vs. Ambient Temperature
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Fig.9 Output Supply Current vs. Ambient Temperature Fig.10 Output Supply Current vs. Output Supply Voltage
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Fig.11 Blanking Capacitor Charging Current vs. Ambient Fig-12 DESAT threshold vs. Ambient Temperature
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Fig.13 Propagation delay vs. Ambient Temperature Fig.14 Propagation Delay vs. Supply Voltage
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Fig.15 Propagation Delay vs. Load Resistance Fig.16 Propagation Delay vs. Load Capacitance
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Fig.17 DESAT Sense to 90% Vo Delay vs. Ambient Temperature Fig.18 DESAT Sense to 10% Vo Delay vs. Ambient Temperature
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Fig.19 DESAT Senseto 10% Vo Delay vs. Load Resistance
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Fig.20 DESAT Sense to 10% Vo Delay vs. Load Capacitance
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M H & Test Circuits Diagrams

Fig 21. lon Pulsed Test Circuit Fig 22. Io, Pulsed Test Circuit
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Fig 23. Vou Pulsed Test Circuit Fig 24. Vo Pulsed Test Circu
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Fig 25. Iccon Test Circuit Fig 26. I.co Test Circuit
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Fig 27. Icne Pulsed Test Circuit Fig 28. Ipscrs Test Circuit
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Fig 31. CMR Test Circuit LED2 off Fig 32.CMR Test Circuit LED2 on
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Fig 33. CMR Test Circuit LED1 on

AT331)

Fig 34. CMR Test circuit LED1 off
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RS2 Application Information
1. “~mikithnA Product Overview Description

AT331) REEEMIIIIERIEFIRE S , 15552, PREEY IGBT/MOSFET Mtk =N B SRR IR BRFT A RAI T
EREI—1 SO-16 kb, BIRKERHUIIREHERR T KSR MMRIKaIAIFRR , FrireENEKIRE LR E SR
HUEESEEREF AR, SAREIREHRATIRE 100A F1 1200V A9 IGBTs, EiEMIER R ATREMIE 7 iaH28f
IGBT Z[ERUERIER , R AITR N RFAEIFE RSB EE BT, XAETWEHIKFIEMEIR XN AHRE
. it IC 9 IGBT 2B EBMRIFLARI LI B EREAHRIA |, BRI RS HIRR R M T — e RE MRS IR
55. UVLO RE"&I "B, WhFREIREE , LRI IKIEBEEABTMSE IGBT #iE, 1XREmat IGBT
MtRIRENER STEIESFEY IR ESRAIMEREAIT &Mt | MANIEINRRA. ISR LRI,

The AT331J are highly integrated power control devices that incorporates all the necessary components for a
complete, isolated IGBT / MOSFET gate drive circuit with fault protection and feedback into one SO-16 package.
Active Miller clamp function eliminates the need of negative gate drive in most application and allows the use of
simple bootstrap supply for high side driver. An optically isolated power output stage drives IGBTs with power ratings
of up to 100A and 1200V. A high speed internal optical link minimizes the propagation delays between he
microcontroller and the IGBT while allowing the two systems to operate at very large common mode voltage
differences that are common in industrial motor drives and other power switching applications. An output IC provides
local protection for the IGBT to prevent damage during over current, and a second optica link provides a fully
isolated fault status feedback signal for the microcontroller. A built in "watchdog” circuit, UVLO 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 reliabi ity of a motor drive without the cost, size, and complexity of a
discrete design.

FER—E% SO-16 i TR NI _IRETIRNNEEAFER | REGANZHIREE. BHIhREMAIEFEE. BHia
MZE IC RA®/E BICMOS/T1Z%E DMOS T Zigit#liE, a1 LED1 firr , TEXESHIEREREEER WREHES. W
LED2 firs , FENESHIRIRMEMREEREIENSHRIRES.

Two light emitting diodes and two integrated circuits housed in the same SO-16 package provide the input control
circuitry, the output power stage, and two optical channels. The output Detector IC is designed manufactured on a
high voltage BiCMOS/Power DMOS process. The forward optical signal path, as indicated by LED1, transmits the gate
control signal. The return optical signal path, as indicated by LED2, transmits the fault status feedback signal.

HIEEERMET . LED1 BIlRasimtitaNizs IC BEshl IGBT [tk , LED2 fR¥FKA, ZtaZ) IGBT $iEr , Mitialzs
ICSZBPFHA "R KM, LARHEATSTUS IGBT EBSEHEET , LUBARNATSER IGBT PSR, B , iZE0RIRS
BT LED2 fEmEimNis , SEISIES WIzHmANGESRE . Bt RRTHIRESAAuTH R HER.

Under normal operation, the LED1 directly controls the IGBT gate through the isolated output detector IC, and LED2
remains off. When an IGBT fault is detected, the output detector IC immediately begins a “soft” shutdown sequence,
reducing the IGBT current to zero in a controlled manner to avoid potential IGBT damage from inductive over
voltages. Simultaneously, this fault status is transmitted back to the input via LED2, where the fault latch disables the
gate control input and the active low fault output alerts the microcontroller.

LFEHAE] , @R AT331) MHREHES , REBE(UVLO)IRERIRLLE IGBT HltkFBEAERIMISR. —BHEHLTS
BEYRA . AT33U 9 DESAT (VeeltUTHEERI AR IGBT {/F. EItt , UVLO #0 DESAT thETE, 79 IGBT f#HtEER
.

During power-up, the Under Voltage Lockout (UVLO) feature prevents the application of insufficient gate voltage to
the IGBT, by forcing the AT331)" s output low. Once the output is in the high state, the DESAT (VCE) detection feature
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of the AT331J provides IGBT protection. Thus, UVLO and DESAT work in conjunction to provide constant
IGBT protection.

2. HFRIAAEEE Recommended Application Circuit

AT331) EA—" LED BINMtRI=HEIRT— TR Seaiiatat , @RT "5 BIEBRNA. B 35 FrAUtEEn AR
B 7R 71 AT331) FUBREUIRIRENERES, TENMAEX IGBT AUIREN. EHE , SthiERTF MOSFET, 1RiE MOSFET &,
IGBT HtREHEEK , &It ARFTREREEE Ve BEIREEEQRIT IGBT , 8 Vec = 17.5V, 3FF MOSFET , ##i¥ Ve
=125V),

The AT331 has an LED input gate control, and an open collector fault output suitable for wired ‘OR’ applications.
The recommended application circuit shown in Fig 35 illustrates a typical gate drive implementation using the AT33L.
The following describes about driving IGBT. However, it is also applicable to MOSFET. Depending upon the MOSFET
or IGBT gate threshold requirements, designers may want to adjust the VCC supply voltage (Recommended VCC =
17.5V for IGBT and 12.5V for MOSFET).

PR IRAEE (0. LpuF) A RBFNRMHBRS AR, ATREERNGESSE . —MI\IREROCmABIRMER T .
PRIEREEIFIEFI_RE Doesar (600V/ 1200V ) . t.fKF 75ns(@l ERA34-10)FIEEZE Coiank ST NIER ERAYAESMNER
BbM. HREERE Re FATBREIMITRFEERERR . Frisl IGBT SSERtRFEEAY_EFFNTERTIE), FHREERIRER HiRE—
75 IR ERIFERE Re(2.1kQ)F1—1> 1000pF ASIEIRFEZ Cr , Vour HithimhY 47kQTHIFERE Reuw-oown , BJHRH—NEIFRNAY
=R FHEIHEEV. EXFRAF  HENEIHEEHE IGBT W™ MTEESEHFESMAT , IGBT [ JIXEIESE XM
The two supp y bypass capacitors (0.1uF) provide the arge transient currents necessary during a switching transition.
Because of the transient nature of the charging currents, a low current (5mA) power supply suffices. The desaturation
diode Dpesar 600V/1200V fast recovery type, t below 75ns (e.g. ERA34-10) and capacitor Cgank are necessary
external components for the fault detection circuitry. The gate resistor Rg serves to limit gate charge current and cont
rosthe IGBT collector voltage rise and fall times. The open collector fault output has a passive pul -up resistor Re
(21kQ) and a 1000pF filtering capacitor, Cr. A 47kQ pull down resistor Reut-oown on Vour provides a predictable high
level output voltage (Voy). In this application, the IGBT gate driver will shutdown when a fault is detected and fault
reset by next

cycle of IGBT turn on.

Figure 35. Recommended application circuit (Single Supply) with desaturation detection and active Miller Clamp

v [} J_ !
L4F l
NelB] = B
100 Do
pesaT[ 3 —
Vees [ 13}
vy [12 i T
by +
[ IR R
ol ] .
 — a3
Vow[T— S =
4 " " #
v o} [5} I'El}lllt
= 1 » -HVDE

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




A\ AOTE AT331)

{2{EHi® Description of Operation
1. IEE%E Normal Operation

IEET{EEAE , AT331 A9 Vour EHEIN LED BB I(SIB) 5. 6. 7 #0 8yl , IGBT SREEMR-REIIRFEEET DESAT I5f=.
FAULT inigiti ST, SE 36.

During normal operation, Vour of the AT331J is controlled by input LED current Iz (pins 5, 6,7 and 8), with the IGBT
collector-to-emitter voltage being monitored through DESAT. The FAULT output is high. See Fig 36.

2. HESE Fault Condition

DESAT 5 |iiinfz IGBT B9 Ve [EF#. =5 IGBT FF/SRT , DESAT 51l ERYFBEET 6.5V, VouRISSHIE, LIS "8 K,
PrLEHINS SR di/dt FURRFESE. RESEIEIEE — " ARRIREE , LREIRESMES FAULT in@tREF , [
EHIRRE.

The DESAT pin monitors the IGBT Vce voltage. When the voltage on the DESAT pin exceeds 6.5V while the IGBT is on,
Vour is slowly brought low in orderto “softly” turn-off the IGBT and prevent large di/dt induced voltages. Also
activated is an internal feedback channel which brings the FAULT output low for the purpose of notifying the micro-
controller of the fault condition.

3. HES(s Fault Reset
—EtGNZISTE , WU Sus (&IME) AR, EREIE , LED FrEMNESERGHRRNS , 1LIREFRER S ERHT
IGBT, BERZSIGIE Sus (&/)\) SEEIERAIT—X LED FERTE(. WA 36,
Once fault is detected, the output will be muted for 5us (minimum). All input LED signals will be ignored during the

mute period to allow the driver to completely soft shut-down the IGBT. The fault mechanism can be reset by the next
LED turn-on after the 5us (minimum) mute time. See Fig 36.

Figure 36. Fault Timing diagram

I
]
L tosarpam 1 Reast done
— L 1 during the
— i i I i et LED)
1 ] 1 wrr-an
RSV === ; e
i
Vi /T_SQL | i
Ll_l—l 1 i
LR P | i 1
1 1 1 ]
NS -
¥ ] I 1 |
= oy 1 10% 4 1 { tReserpann
e -
RERY, I i I
FAULT | }Rm : ! }tm
ltnmnnuml : l I
[— 1 X

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




ALK

4. =%l Output Control

AT331J

AT331) aYaiHERS (VourF0 FAULT)ER k. UVLO F1—MEMZEIAY IGBT Desat {44E&1H. —H UVLO {RF&ER
& (Veer - Ve > Vovo) . Vour S i S , AT331) 89 DESAT #&NTheEEmM I IGBT (PO FEEFER, —
B Ve M\ OV EZH0E Vuvio. LA, DESAT BIREERIEIER . BEE Ve < Vuvo. ELt, AT331) B9 DESAT (Pin 14)1&

FD UVLO ThegREIRT TAELARBRIERERY IGBT {R4F.,
The outputs (Vour and FAULT) of the AT33U are controlled by the combination of I, UVLO and a detected
IGBT Desat condition. Once UVLO is not active (Vccz - Ve > Vuwo), Vour is allowed to go high, and the DESAT
(Pin14) detection feature of the AT331J will be the primary source of IGBT protection. Once Vc; is increased
from 0V to above Vyvio:, DESAT will remain functional until Vcc, is decreased below Vyvio-. Thus, the DESAT

detection and UVLO features of the AT331J work in conjunction to ensure constant IGBT protection.

DESAT #&AZS (R

IF UVLO(VCC2-VE) DESAT Fundi FAULT Output VOuT
S B = & 18
ON Active Not Active High Low
5B 7ok B DESAT =) R(E0E) {73
ON Not Active Active (with DESAT fault) Low (FAULT) Low
SE pisd B(TT DESAT #%) BETTHE) =
ON Not Active Active (no DESAT fault) High (or no fault) High
K BY To =] 1&g
OFF Active Not Active High Low
KHfr T Fe38 = &
OFF Not Active Not Active High Low

5. ZIEFHSNFNAHFRIA Desaturation Detection and High Current Protection
AT33U) BETREE. KEREHIKIEE. BAEHZBANSEES. IGBT BN, KETLAR—NREa

EE R

TMEERIBEMEI— 16 5 |HEI=PHIRE,

The AT331J 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.

AT331) hRABRIPEAEN T A RE

W IGBT A9EAN (EEFIR ) BBIE , FHESFERFBEBIS e B ER A BB

P& (EHUTDSEIRAT. /IVIRIRFE SR B RIS IGBT fEE85 ERIRRIR , PR MERIERBE. EREGEIAZIBIA
MK 2RI, 5 IGBT Xifr, 7E IGBT RUPIAZSHAE) , SFRtNEBERAST , LIBALE=4REREY 508" (55,

The fault detection method, which is adopted in the AT331J, 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 s owly 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.

SNERINERBAHIFEIRBEN TR , BRAIBARIFHZENE IGBT BRLABILERIEHN |, (B2ANRMRIREHE ERHEE

1XBE 45 IGBT Zp¥iE |,

NEZFT &G, BTERENEERREBE , AT331) BMEEitRIRIE AR RAE R T tae

PRAEVIGBT AIDORE, FIBFMEGNTTENS— P EILYRAS R IGBT RITHIE , RABRBNE , TuR— M EREE

KN 22 TRRTEE. B, FREESTHRTHISERBIERA 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 AT331J 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

www.aotesemi.com
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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.

6. HISERT IGBT | JiEEEEIE Slow IGBT Gate Discharge during Fault Condition

LHENZIEEANSEERT , AT33L) Itakamihss MREMHGSIE , LMRE IGBT "8 KM, ZastHE IGBT HitRiEIgntes
. LIBBIERFEIRAGRIERL , XTSRS B R eI RIRIERE, EEISXUTHAE) , KU THRIERHR

X, BEREHEBEREE Vet+2V LT, IBTAR TR IGBT MREHAE Ve,

When a desaturation fault is detected, a weak pull-down device in the AT331J output drive stage will turn on

to ‘softly’ turn off the IGBT. This device slowly discharges the IGBT gate to prevent fast changes in drain current

that could cause damaging voltage spikes due to lead and wire inductance. During the slow turn off, the large output
pull-down device remains off until the output voltage falls below Vee + 2 Volts, at which time the large pull down

device clamps the IGBT gate to Vee.

7. DESAT &iEtEiNiEISAdE DESAT Fault Detection Blanking Time

IGBT F/=f5 , DESAT St NIFB BRI —ERATE) , LAEESFBIRFEEFFZE DESAT FELLT, XERATERR

79 DESAT jHigRd1a) , FHPIEB DESAT FeFEFEIR. DESAT EB[ESUERNSMER DESAT FBEZHEHI,

The DESAT fault detection circuitry must remain disabled for a short time period following the turn-on of the IGBT
to allow the collector voltage to fall below the DESAT threshold. This time period, called the DESAT blanking time
is controlled by the internal DESAT charge current, the DESAT voltage threshold, and the external DESAT capacitor.

iﬂi@tﬂ%%qum*aﬁghgﬁﬂg(csmm)\ E&E@{EEEE(VDESAT)*” DESAT ;EEEEEjﬁJ(ICHG)i-I_;%ﬁ%Hj ] ED tBLANK = CBLANK

X Voesar / Iev. HETFAY 100pF FESHIERICIHBSATIELS 100pF * 6.5V/240pA=2.7usec,

The nominal blanking time is calculated in terms of external capacitance (Csank), FAULT threshold voltage (Voesar),
and DESAT charge current (Iche) as taiank = Carank X Voesar / Iene. The nominal blanking time with the
recommended 100pF capacitor is 100pF * 6.5V / 240pA = 2.7usec.

AILAHHMARERESEREEHRE |, BRENER/NT 100pF RIBE. HCHRA AR AT331) NEA DESAT #fE
R SATRAISIKAIE, IR IGBT FAEMERS , SBIRFIASIR A SHEBREIREH RGN , NEKHTHREIESE
K2 3us faiEal, MR IGBT FEZE , SBERFMIASIREISHERIFEIR(DIRIEN) , BT DESAT —HRERIE
EHERE B, MRRIESAKIMR, #EEFAY 100pF FEASIRALEBAYHEIRLUER A S SN FRRIHIBENR RATE,

The capacitance value can be scaled slightly to adjust the blanking time, though a value smaller than 100pF is
not recommended. This nominal blanking time represents the longest time it will take for the AT331 to
respond to a DESAT fault condition. If the IGBT is turned on whi e the collector and emitter are shorted to the
supply rails (switching into a short), the soft shut-down sequence will begin after approximately 3usec. If the
IGBT collector and  emitter are shorted to the supply rails after the IGBT is already on, the response time will

be much quicker due to the parasitic parallel capacitance of the DESAT diode. The recommended 100pF
capacitor should provide adequate blanking as well as fault response times for most applications.

8. RIEAKH Under Voltage Lockout

AT331) RJEFSI(UVLO)IEE STER LT EEE HAEE T 384 AT331) B A RmRT IGBT MEANEMBHOMIREEE, IGBTs
BEEE 15V UMREEREESEN Ve(SB)ERE. BEEMREBEERT 13V E , Ve(SBBESRIEMN, HER
FEREHRER . EMMREBEIFERIET 10V)Rd , IGBT AR TIFEL&MXE , HiluEdH, REEMIITIESBIE(VC)
ARE, UVLO IIEEfiaSEtaHIREHM. —B Ve #Bid Vuvo. (IEM UVLO BHE) , UVLO $HIUBSHRRT . foiFesdta
HIIRARMNGESHTFF. 2 Veee N OVIETF Vuvo.) FIIAFHE . DESAT (RIPEBIRETEIE. W& Ve H—SEMGET
Vuvios) . UVLO $HUARRERL. £ UVLO $HA#EAERC AT, DESAT (RIFESEIE. Rt . TieBIREE(Vc)Wa , UVLO
0 DESAT i@ BT LARETIE , 1S miEF,

The AT331) Under Voltage Lockout (UVLO) feature is designed to prevent the application of insufficient gate voltage
to the IGBT by forcing the AT331) output low during power-up. IGBTs typically require gate voltages of 15V to achieve
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their rated Vc(ON) voltage. At gate voltages below 13V typically, the Vce(ON) voltage increases dramatically, especially
at higher currents. At very low gate voltages (below 10V), the IGBT may operate in the linear region and quickly
overheat. The UVLO function causes the output to be clamped whenever insufficient operating supply (Vcc,) is applied.
Once Vcez exceeds Vyvios (the positive-going UVLO thresho d), the UVLO clamp is released to allow the device output
to turn on in response to input signals. As Vcc, is increased from OV (at some level below Vyyio.), first the DESAT
protection circuitry becomes active. As Vcc is further increased (above Vuvio.), the UVLO clamp is released. Before the
time the UVLO clamp is released, the DESAT protection is a ready active. Therefore, the UVLO and DESAT Fault
detection feature work together to provide seamless protection regardless of supply voltage (Vccz).

9. BilFKEEH Active Miller Clamp

KEMHAAVHES dV/dt ER MEHREIRR | FEAXRSHN AR LEGHRFEIREE, XUTHAE) , IStk
SRR T 2VEERTT Vet , SHAZHRAGE. XITFEIA 1100mA FREIRERT , SHAFBEEENES Vo +2.5V, ZHFE
IXfg LED BINRT | $HIZZA,

A Miller clamp allows the control of the Miller current during a high dV/dt situation and can eliminate the use of a
negative supply voltage in most of the applications. During turn-off, the gate voltage is monitored and the clamp
output is activated when gate voltage goes below 2V (relative to Ve). The ¢ amp voltage is Vo +2.5V typ for a Miller
current up to 1100mA. The clamp is disabled when the LED input is triggered again.
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EfthitefFH4 Other Recommended Components

35 HRRIRzFRER TR —NEIH THIFERE. — ™ DESAT imfRIFEEME. —4 FAULT imFBZ. —4> FAULT i ERIFBIBRTS
IRRENHAADERS,

The application circuit in Fig 35 includes an output pull-down resistor, a DESAT pin protection resistor, a FAULT pin
capacitor, and a FAULT pin pullup resistor and Active Miller Clamp connection.

Figure 37. Output pull-down resistor Figure 38. DESAT pin protection
Gw Ve EQ;, III Yy
(2] ¥ |15 ] ] vee.
2] roucy pesaT (U] v, [ Fame
i 8 v [ s 18
[(5] camwooe Ver E% ! 5] camvooe
ANODE Vian E—-&—i =] amoce
[7] amoce Vot [ 10 ] N [7 ] anoce
[a_| eatvooe Yo EI [&] cammooe

1. 4 ThidEEE Output Pull-Down Resistor

SR TAYEIREAE , BHBERE EFE Vo, FHRIFE 3 P TIREERLA. R HERESEREmES
T, BHBESEI UM AMAKRE Veo-3(Ve) EIE EFE Ve, N THEEIHEBERBIE Veo-3(Ve) , BINFERILHIRS Ve
ZIEE—NTHUFERE Reuwoown , LUMEERIH SR/ 650uA AIEHRSEIR. THREERENRATIEMRRINE
BJLIRIEATC Rouldown =[Veca-3 *(Vae)|/650pA HHTIEEE,

During the output high transition, the output voltage rapidly rises to within 3 diode drops of Vcc,. If the output
current then drops to zero due to a capacitive load, the output voltage will slowly rise from roughly Vcc-3(Vee) to
Vcez within a period of several microseconds. To limit the output voltage to Vccz-3(Vee), @ pu I-down resistor, Rpyy.-
pown between the output and Vee is recommended to sink a static current of several 650uA whi e the output is high.
Pu I-down resistor values are dependent on the amount of positive supply and can be adjusted according to the
formula, Roull-down = [Vcc2-3 * (Vee)] / 650pA.

2. DESAT S |Bi{F}RE8RE DESAT Pin Protection Resistor

5 IGBTs EERVER IR E S EAKEL IR EEaEEHCENBFSIEMREE, X852 DESAT 5|/ =4
WARIRERERE , MNRAREBURIFEIERE | BENRASRPERARERER. AT RKILERRSHERS RIS
ICHPKF , FERBA— 100 EXYBAIFEES DESAT —tREEREL, X MHTIBAYFEEASMEE DESAT [S{Ea; DESAT jHizRS
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 on the DESAT pin which will draw substantial current out of the driver if protection is not used. To limit this
current to levels that will not damage the driver 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.
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3. B CMR¥E i) LAYERZS Capacitor on FAULT Pin for High CMR

AT331J

LEPEEHATESERSE , REHARBRE S INHEES [IEE, FAULT SIRFItEZ [ENIEZ— 330pF BB , ZE
TE CMR 73 50kV/us BY , FIERISEHEA) CMOS IREZTR,

Rapid common mode transients can affect the fault pin voltage while the fault output is in the high state. A 330pF
capacitor should be connected between the fault pin and ground to achieve adequate CMOS noise margins at the
specified CMR value of 50kV/ps.

4. FAULT Sl _EAY E$iEEBH Pull-up Resistor on FAULT Pin

FAULT 5 |BI25miRfisimdt | EFE— N BRI SR¥ES. W, SEmtaiEd 5" z8 58
RERGRIP B R, TE. TREEE—RE, AREEHRRRE.

The FAULT pin is an open collector output and therefore requires a pull-up resistor to provide a high-level signal.
Also the FAULT output can be wire ‘OR’ ed together with other types of protection (e.g. over-temperature, over-
voltage, over-current) to alert the microcontroller.

5. ElftieIaERRFIRRERESHLR) Other Possible Application Circuit (Output Stage)

El.39 BRIk, SNERTHERRFIZEIBAMEIAY IGBT 3RE (Veiamp W AMERRS , FBES Ve EE) Ve (E/9MIREI—
FIERERR, R MR IREN R NS RATZE R ER

Fig 39. IGBT drive with negative gate drive, external booster and desaturation detection (Vciamp should be connected
to Vee when it is not used) Vciamp is used as secondary gate discharge path. * indicates component required for
negative gate drive topology.

Fig.39
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E.40 EE0MRIRED , FMERISESSHIAEY IGBT IRE), FFEEIERRFRY Vo IEEI " RITRIERE
Fig 40. Large IGBT drive with negative gate drive, external booster. V¢ avp control secondary discharge path for
higher power application

Fig.40
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YMEZR~ Outline Dimensions

SOP16
7.50+030 = 8.79+0.30 o
. | S [—— |3
S @ EEE % / | \ § ! =
| == minininisinls i n e
o e O A T O T O A
S| o N T 0404010 |'| o _—J_T ——
R : mie} 1.27+0.12 10.36+£0.20 =
E -1 =
£ -
-1 I B IR

BT Unit: mm

EBiNERH B Recommended Pad Layout

1.27

A7 Unit: mm

i EEDSFRIEME.
Note : The picture above is the front view of the product.
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FiEE i@ Solder Reflow Profile

&
o Trsc ™ _4 1P
) A TL
% Ts HV
5 tp
S, . —
g |Is
2 - tL
3 t B
< s
Lt:
=
w2
Q
g
3
£
25
Time (s)
| s BME BAE B
Item Symbol Min. Max. Unit
FRRE
Preheat Temperature Ts 150 200 C
TR E]
Preheat Time & 60 120 s
SRR
PARIIESS 3 /s
Ramp-Up Rate (T, to Tp) -
3 =N=|
AIRERE T 217 °C
Liquidus Temperature
MEETF T
Time Above T, b 60 150 s
IEERE
Peak Temperature Te 260 C
T 7E(Te-5)F0 To ZIEJRIAE] ¢ 30
Time During Which T¢ Is Between (Tp-5) and Tp P s
=N
5oL ES ) 6 "cls
Ramp-down Rate(Tp to T,)

E . BERTTRSREARERG N TEIRE , REFMEEE=R.

Note: Reflow soldering is recommended at the temperatures and times shown, no more than three times.
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il i 12 iR BE M £2 ] Wave Soldering Profile

A
300
260+0/-5°C Wave temperature , 105ec
250 First wave Second wave
g
200
s +200°C/sec 5 sec
=
§ 130 +2°C/ sec
o 30 to 80 sec
E 100—
+— Preheat zone
50 25 to 140°C

25
| ; . ! : : ! . i i
0 30 &0 a0 120 150 180 210 240
Time (sec)

FIBEEME Soldering with hand soldering iron

A FTIBRENAT - @mREESFEU

Hand soldering iron is only used for product rework or sample testing;
B.FIIKHUITESK : R 360°C + 5°C, AdiE)<3s,

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

n jCE3FR Summary table

E3EIT (25710 BYE | SY¥E | #HHE BRI S FEONETHE) s &t
Reel . o . A — Bz 50 Pt
SOP16 ($330mm &) 850 /% | 2 /& | 8&/fE | 450*390*0.1mm | 340*340*75 mm| 650*375*365mm ks 100 AZSHE
Package . Quantity | Quantity | Quantity | Antistatic Bag . Carton
Type Packing Form per Reel | per Box | per Carton|  Specification B e Specification -
Leave 50 Spaces at
SOP16 Reel 80 § 8 | 450:39001mm | 34034075 mm| 650+375*365mm| <, Cednning and
($330mm Blue) | pcs/reel | reels/box| boxes/ctn ' 100 Spaces at the
end
n  fRIFE% Tape & Reel
1) B5HE: 850K,
Qty/reel : 850pcs.
2) SFEEE - 13600 R,
Qty/ctn : 13600pcs.
3) NE%E: BR2A.
Inner packing : 2 reels/box.
4) 7~EE Schematic :
b=
H
S
L (P1)16+0.1 (Po) 4£0.1 (P2) 2+0.1 (Do)®1.55' 90
. ] M.0.3£002
0 R 3$$$€}$$€9/$'$€B$$
| 3 . . . I
e am:-RNEn !
d = . - | | . I [ |
e
: | | : —
(D1)P1.55+0.1
${iUnit: mm
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SEMICONDUCTOR

AT331)
i¥&5 Attention
s BSSIREAEORRE. TR, heEEiRT , REBIHNEAERAINFIRBARBTEE.,

AOTE continuously improve quality, reliability, function or design. We reserve the right to change this
document without notice.

BFETTRMEBER , REANERNAF SRS BREMSBNEERBRRE.

Please use in accordance with the product specification. AOTE is not responsible for the quality
problems caused by non-compliance with the product specifications.

MTEESTRMEHZEMNRE/REFTK , BREKMNOEEAR.

For equipment/devices where high reliability or safety is required, please contact our sales representatives
» SFERTEE ST A, FEIRINEEAR.

When requiring a device for any “ specific” application, please contact our sales in advice.

n WIS HPRANRBERER  WIDEREHA].

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