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» $E5Z4ERIEE Encapsulation logic schematic

AT333) JBRAESOLRERA, SEEHIERTZ, RUMNBHENTRERES, SHFSOP16EF
. 1EECEHEIAEFEK. The AT333J 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.

» FEE4E{EProduct features

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

= 50 kV/psgz/NEAEHDE; 50 kV/us minimum Common Mode Rejection

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

- IB{EHmHER 2.5A; peak output current 2.5A

= EHZeTIKE0150A #1 1200V A9 IGBTs; The output stage can drive IGBTs with 150A and 1200V;

= BEBEEE >7.0mm ; Creepage distance > 7.0mm;

= BIN-EIHLGESEERE >0.4mm;  Input-Output insulation Thickness > 0.4mm

» BHEI%EL class1; MSL class1

* RS ROHS, REACH X HF FEIMREMEK; The products comply with ROHS, REACH and HF;

+ RFAdE; Applications
» TIrBaEEIRE  industrial automation equipment; FF 328, iR AIRES , BT RATEMEBEXL, Used
for inverters, communication servers, improving system stability and energy efficiency;
- ISEBRTFERESA: Automotive Electronic Systems; FRFEBENSEFRIBHIIRG), BFNERS, ERLEMRIFFRN
Z; Motor drive for electric vehicles, Electronic brake system enhances safety and switch efficiency
« FReGEABMLE: In the field of new energy generation; E5¢A. XD ABE, (it EEEEEIR S{EEITFEOptimize
the process of energy conversion and transmission in photovoltaic, wind power generation, etc;
* BAOMIERS: Power transmission system; XRFEEEHEMEMRMERS, (RIERELEISEET
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

AT333)

1] vs VE [i86]
[2] Vect VLED [i5]
[3] FAULT DESAT [T4]
[4] vs Vee2 [13]
[5] CATHODE VEe [12]
[6] ANODE Vourt [11]
[7] ANODE Vciamp [10]
[8] CATHODE Vee [9]
3 | S itk
Pin Symbol Description
1 S I Input Ground
2 VCcCl | IEFEAREREE  (3.3V~5.5V) Positive input supply voltage (3.3V to 5.5V)
Fault output. FAULT changes from a high
HEiItH. = DESAT BIEHMEREEHE | impedance State to a logic low output within 5ps of
3 FAULT | 7V B, FAULTENSMIH—JTekerat) | the voltage on The
B2, 7 Sus P: FAULT BlSMasg | DESAT pin exceeding an internal reference voltage
KA — MBS, 1E Sk :lflo7v\:.S t:eA\ll:J:'lL'Jf_:_Jtput is an open collector which
HOERPAY FAULT BALL "sl" EEEEE—R outputs from all AT332J in a circuit to be connected
BLEIR A together in a “wired OR" forming a single fault bus
for inter facing directly to the micro-controller.
4 'S A Input Ground
5 CATHODE | Btk Cathode
6 ANODE | BBtk Anode
7 ANODE | BEtR Anode
8 CATHODE | Btk Cathode
9 VEE BIHEIRRE Output supply voltage.
10 VCLAMP | SKENEH{ Miller clamp
11 VOouT | HitRIKaNEEEt Gate drive voltage output
12 VEE BHEIREE, Output supply voltage.
13 VcC2 | EEmimtEEiRRE Positive output supply voltage
Desaturation voltage input. When the voltage on
14 DESAT TIFIFRERIASIB. = DESAT MIFBIEE DESAT exceeds anginterFr)\aI reference voltagge of 6.5V
IGBT & ERNEIAEPSERE 6.5V AT while the IGBT is on, FAULT output is changed from a
. SPEEHIRSTES us IMNSIBIAEEE3E | high impedance state to a logic low state within 5ps.
B— MBI
. . LED anode. This pin must be left unconnected for
15 VLED L\ED PER. ?37{%&&%&%’ . IS 10 guaranteed data sheet performance. (For optical
LIRSS TR, (TR coupling testing only)
16 VE RGBT AR EIREE Common (IGBT emitter) output supply voltage.
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+ {RBR&%1 Absolute Maximum Ratings (Ta =25°C)

sS4 s mIME | BXE | B
Parameter Symbol Min. Max. Unit
TSN
TR IF(AVG) - 25 mA
Average Input current
INIEERT (< 1 ushkdzaE , 300pps) peak
i EEJ)\ EEER ( pshK hEERE 'pp ) P IF(TRAN) ) 10 A
Transient Input current, (<1 ps pulse width, 300pps)
. SINERE
pap | COBARE VR : 5 v
Input Reverse Input Voltage
TEFIN\EEIREE R
IR\ SIREE Ve 05 7.0 v
positive Input supply Voltage
IC &
A Pin - 150 mwW
Input IC Power Dissipation
EE g JHEET
= :F ﬂE?ﬁAjtﬂ 1L OH(PEAK) B 25 A
"High” Peak Output Current
Y lmﬂ v b=y
(KRB ERL BT IOL(PEAK) ) 25 A
"Low” Peak Output Current
= AI. Ny
HRIALLER IFAULT - 8.0 mA
FAULT Output Current
& £
BJEES IHiﬂfE,}_ VFAULT -0.5 VCC1 \Y
FAULT Pin Voltage
IEtHEEREE
ML (VCC2 - VEE) -0.5 30 \Y
Total Output Supply Voltage
TRIHEIREE
T i (VE - VEE) -05 15 v
i i Negative Output Supply Voltage
Output | CUmIHEEIREE
P DLRIFRE (VCC2- VEE) | -05 35 v
Total output supply Voltage
X4 +
IR Vo(PEAK) 05 | vee2 v
Gate Drive output Voltage
iz ${EEEUI? o IClamp ) 17 A
Peak Clamping sinking Current
KEDEHS BERE
ARSI VClamp 05 | VCe2 v
Miller Clamping Pin Voltage
DEsAT :
B VDESAT VE VE +10 \
DEsAT Voltage
IC &
RLHDTFE o Po - 600 mwW
output IC Power Dissipation
BM%EE_'E Viso 5000 Vrms
Isolation Voltage
N=1:=3
IVE’”"F,; Topr -55 ~+110 °C
Operating Temperature
A==y
AR Tstg -55 ~+125 °C
Storage Temperature
Hizz 83
R Tsol 260 °C
Soldering Temperature
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* HFFIR{ESEMH Recommended Operating Conditions
£ 5 =IME =7 || =1}
Parameter Symbol Min Max Unit
N=N=d
IVE’”"F_; TA -40 +110 °C
Operating Temperature
A =~ (OFF
MBI (OFF) VF(OFF) 0 0.8 v
Input Voltage (OFF)
SAAER (ON
Eﬂl)\EE:JIb ( ) IF(ON) 7 16 mA
Input Current (ON)
SRR
SEHBIRRE (VCC2 - VEE) 15 30 Vv
Total Output supply Voltage
TR
*mtﬂ,ﬂw B (VE - VEE) 05 15 v
Negative Output supply Voltage
[EIHERIREIE (VCC2 - VE) -05 30 - (VE - VEE) v
positive Output supply Voltage
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* FaiFEsEiProduct characteristic parameters (Ta =25°C)

BRAERAIRAE, SEYENEEAE TA =25°C,VCC2 -VEE =30V,VE -VEE =0V Jg; FENSIVEIRER
# ZFITIESME. 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.

£ s E S = HE | RBX | B8y | &HF
Parameter Symbol Condition Min. Typ. | Max. | Unit | Note
BRI PAULT=1TmA 01 04| v
R VCC1 = 5.5V ' '
FAULT Logic Low Output VFAULTL
IFAULT = 1.1mA,
Voltage - 0.1 0.4 \'% -
VCC1 =33V
BRI VPAULT = 53V, 002 | 05| pA
1=} Eﬁ‘ﬂu ‘ Bil VCCT = 5.5V . . M
FAULT Logic High Output IFAULTH
VFAULT =33V,
Current - 0.002 0.3 MA -
VCC1 =33V
VO =
SR T VCC2 - 4 -0.5 -1.5 - A
RS R IOH 2,4,21
High Level Output Current VO =
-2.0 - - A
VCC2 -15
VO =
(T VEE + 2.5 0.5 1.5 - A
eI IoL ' 3,5,22
Low Level Output Current VO =
2.0 - - A
VEE + 15
HRS MR it FEiR
Low Level Output Current IOLF VOUT - VEE = 14V 90 140 230 | mA -
During Fault Condition
SRR E
n_ PRl VOH IO = -650pA VCC-0.3 | VCC-0.1 - \ 4,6,23
High Level Output Voltage
Iz ‘°|~ =
R voL 10 = 100mA - 017 | 05 V5724
Low Level Output Voltage
i EClam
%H{'MIE{EI%}_ P VtClamp - - - 2.5 \ -
pin Threshold Voltage
RFEESHAZERIR
Clamp Low Level ICL VO = VEE + 2.5 0.5 1.1 - A 8
sinking Current
=== NA==h b=
'E,EHZEE’E 2 lcc2H 10 = OmA - 24 45| mA
High Level Supply current 9,10
SEEEEEE T 25, 26
R PRIRRR lcc2L 10 = OmA - 2.4 45| mA
Low Level Supply current
REEE AR
Blanking capacitor IcHG VDESAT = 2V -0.13 -0.24 -033] mA | 11,27
C
charging current
REHEEFE SRR
Blanking capacitor IDScHG VDESAT = 7.0V 10 30 - mA 28

Discharge current
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AYY SEMICONDUCTOR AT333J
£ s E S =i HE | mAX B | &iF
Parameter Symbol Condition Min. Typ. | Max. | Unit | Note
DESAT Bl Vce2 -VE >
VDESAT 6 6.5 7.5 \Y 12
DESAT Threshold VUVLO-
IF =10mA,
VUVLO+ 10.5 11.6 12.5 \Y -
UVLO ERfE VO>5V
UVLO Threshold IF = 10mA,
VUVLO- 9.2 10.3 11.1 \Y -
VO<5V
UVLO i (VUVLO+
T - - - 13 - v -
UVLO Hysteresis
VUVLO-)
REESIMABRERR
10 = OmA,
Threshold Input current Low to - 2.0 50| mA -
. IFLH VO>5V
High
HEERARmA\BERE
. 10 = 0mA,
Threshold Input Voltage High 0.8 - - \Y -
VFHL VO<5V
to Low
MBI VF IF = 10mA 1.2 1.6 1.95 \Y
Input Forward Voltage -
IERBABEITRERE
Temperature coefficient of AVF/ATA - - -1.3 - | mVv/C -
Input Forward Voltage
REBNEEZFREE
Input Reverse BVR IR =10A 5 - - \ -
Breakdown Voltage
aNEE Csin | f= 1MHz VF = OV ; 70 - pF ;
Input capacitance
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* FFXi51ESESwitch characteristic parameters
BrAESHEIEE, TA =25°C. VCC2 =30V, VEE EtERRIFEHENE, MEs/YVEAIISEEREEFNITERET,

Unless otherwise noted, all typical values at TA = 25°C, VCC2 =30V, VEE = Ground; All Minimum/Maximum
specifications are at Recommended Operating Conditions.
e s E S B BB RBX B | &F
Parameter Symbol Condition Min. | Typ. | Max. | Unit | Note
S A RIREIRAT )
propagation Delay Time to High tpLH 50 180 250 ns 1,13,1
output Level 4,
RFE T LB A ERER R A) 15,16,
propagation Delay Time to Low tpHL 50 180 250 ns 29
output Level Ra = 10 O
> A hEe g = ]
H’](’%E_%E o pWD Cg = 10nF, -80 | 30 80 ns -
pulse Width Distortion
= N s f =10 KHz,
EER RN S EZ B EE FER
. . Duty Cycle =
% propagation Delay Difference
pDD 50%, -100 | - 100 ns -
Between Any Two parts or
IF = 10mA,
Channels
et VCC2 =30V
DL
. .l Tr - 50 - ns -
Rise Time
RH\ ‘E
T ?ﬂ Tf - 50 - ns -
Fall Time
DESAT #2£Z| Vo [EZE 90%a i
SAT B Vo 85 S0%ZE 8 pecnr | cppsar - 17,30
FEiRAYE] DESAT Sense to 90% Vo - 0.25 0.5 us
(90%) 100pF, 35
Delay
DESAT 353 Vo &= 10%Z1d K Rg=104, 18,19
(o) N 1
SERAE ) B TDESAT | Cg = 10nF, 2 3 20,30
<HJ|B - S 1
(10%) VCC2 =30V H
DESAT Sense to 10% Vo Delay 35
DESAT EEE{REEFHIEESH LAY {DESAT CDESAT =
#ERATE DESAT Sense to Low Level (FAULT) 100pF, - 025 | 05 us 30,35
FAULT Signal Delay RF = 2.1KQ,
DESAT EB£E| DESAT {KRBTAE 1% €7 = open,
o B tDESAT Rg =10 Q,
ZEiRAYE] DESAT Sense to DESAT - 0.25 - s 30,35
L tion Del (LoW) Cg = 10nF,
ow propagation Dela
propag Y vce2 =30V
DESAT HINF#SRI(A) tRESET
- 5 15 - Ms 35
DESAT Input Mute (MUTE)
CDESAT =
S S R P AERAT T 100pF RF =
S \ S1EEREEN <~HJ|B
RS RREES = tRESET 2.1KQ, Rg = 10
RESET to High Level FAULT Signal - 1 2.0 hs -
(FAULT) Q, Cg = 10nF,
Delay
VCC1 =5.5Y,
VCC2 =30V
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o s E S B BB O RBX B &F
Parameter Symbol Condition Min. | Typ. | Max. | Unit | Note
TA = 25°C,
IF = 10mA
(== 2 ek = E IS [ VCM = 1500V,
= ?5515;.'9’] TRANEIEE 50 60 KV /s
Output High Level Common Mode ICMH| VCC2 =30V, -
Transient Immunity RF = 2.1kQ,
CF = 1nF
TA = 25°C,
VF=0V
FE SR RS BE D VCM = 1500V,
1ERFE A HRADHRE 50 €0 Vs
Output Low Level Common Mode ML | VCC2 =30V, -
Transient Immunity RF = 2.1kQ,
CF=1nF
UvLO ER IF =10 mA,
FREER tUVLO ON - 5 -l ws |-
UVLO turn-on delay VO>5V
UVLO XIFFEIR IF =10 mA,
RIAFER tUVLO OFF - 5 -l ws |-
UVLO turn-off delay VO <5V
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+ EEIFEMZElectrical characteristic curve(Ta =25°C)

Fig.1 Vout propagation delay wave forms

Fig.2 Output High Current vs Ambient Temperature
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Fig.3 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.6 High Output Voltage vs Output High Current

30
=
< 29
O
=
>
g =
©
>
5 27
o
8
IS
2
=)
15

25

——105°C
—20%C
\ —-—-40°C
~
—
\_\_ \ i -
~—— -
._._..___‘__.\\
0 0.2 0.4 0.6 08 1.0

Ambient Temperature Ta(°C)

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

www.aotesemi.com




AN 2QTE

AT333)

Fig.7 Low Output Voltage vs Output Low Current
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Fig.9 Output Supply Current vs Ambient Temperature
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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.19 DESAT Sense to 10% Vo Delay vs. Fig.20 DESAT Sense to 10% Vo Delay vs.
Load Resistance Load Capacitance
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» MiXEBEEEITestCircuits Diagrams
Fig21. lon Pulsed Test Circuit
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Fig23. Von Pulsed Test Circuit
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Fig25. lccaH Test Circuit
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Fig22. lo. Pulsed Test Circuit
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Fig26. lccat Test Circuit
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Fig27. lccaH Pulsed Test Circuit
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Fig28. IpscHa Test Circuit
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Fig31. CMR Test Circuit LED2 off
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Fig32. CMR Test Circuit LED2 on
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Fig33. CMR Test Circuit LED1 on
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+ NAISE Application Information
1. FmitiAfEA  Product Overview Description
AT333) EEEERMIIREHISE, BoE. REEIGBT/MOSFETHIRIRGFEEE SHlERIFFIR REB IS A
IRAOTTHHERRRE— N SOP16518E R, BIFKENHAIINREHIR ¥ XS AP RIRaRITER, FHrrsEN
IXaheeE R BRI E B ERIR. JREIIZFE AR AIIKN150A/1200VAIIGBTs, SiEAEREHtERARE
WP T = HIRRFIGBTZ [ERUERER, BRI RN RAEIFEARNEBEE BT, XAET WIS
FMEfEERFRNAPREN. HHICHIGBTRESERMRIFLABI LI BiRHREFERIA, B ik pi=H=s
RUTLEENSFERSRIRES. REN & B, UVLOMIIZEIRKEIREE, LAPLEIGBT LI
WIRENEBEABAVIISR. XFREERTUIGBTHIRIKA=E STERSFEIKAIAMEREA T Fett, MAIEINRRA, (R0
BFMIND IR,
The AT333J 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
SOP16 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 150A 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 driveris  designed to increase the performance and relia bi ity of a motor drive without the
cost, size, and complexity of a discrete design.
ER—HERSOP165hE 3 T NS _IREFIRR N ERREES, RAGANIZHIRE. BHIREMMNFEE,
G NRRICRAS/EBICMOS/IIRDMOS T 2ikitHiE. WLED1FR, fELESHIERERIRE &R IiE
HHES. W LED2FR, EASESHRIRERREERIIRNSHIRIRES.
Two light emitting diodes and two integrated circuits housed in the same SOP16 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.
EIEFEIRET, LED1 EBidiREmtRIssIC 254IIGBT], LEDRFXA, MENZIGBTHIER, Htdin
BRICIZRDFR 4K Kb, LARTERIATUSIGBTRIRIFHEES, LIRS EXSIGBTERERIA, Y,
ZHPEINSBIT LED2E M NG, #FEEIMEST WREHMmAESEN, BaatREFEIRESRATESIRE
BHER.
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.
LEEEAE], EIEEIAT333) MHERRES, XEMEUVLO)INEERIPILLIGBTHIRkEEARHNSR. —Bi
HFEEBRIRE, AT333) A9 DESAT (VCEGNITHEERSRM IGBT{RIP, AL, UVLOFIDESATHAREIAE,
JIGBT 12{t1EERIF. During power-up, the Under Voltage Lockout (UVLO) feature prevents the
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SEMICONDUCTOR

application of insufficient gate voltage to the IGBT, by forcing the AT333J)" s output low. Once the
output is in the high state, the DESAT (VCE) detection feature of the AT333J provides IGBT protection.
Thus, UVLO and DESAT work in conjunction to provide constant IGBT protection.

2. RN Recommended Application Circuit

AT333) BEE—LEDBAMHRIEHA— T EBEREIRERL, ERT "5 BEBIRNA. E35HratEE
RzFREBER B T EFAAT333) RS BUMRIKANFERE. TEMABEXIGBTRIR)., EHF, BEERTMOSFET, RiE
MOSFET®;, IGBTHMRSRIBEEK, it ARAEREEE VCC BREEXTF IGBT, #YVCC =175V, IF
MOSFET, #iYXVCC =12.5V), The AT333J has an LED input gate control, and an open collector fault
output suitable for wired * OR’ applications. The recommended application circuit shown in Figure35
illustrates a typical gate drive implementation using the AT333J. 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
IGBTand 12.5V for MOSFET).

AN EEIREREE (0. 1R EFF REFSEMHBFS KRR, BT FREERAGESSE, — MN\IhZRER(GmA)BIRH
BBT. RERSEFIEATREDDESAT (600V/ 1200V) . trrffF75ns(@NERA34-10)FIEEZCBLANKESL
PEASNEE BRAV SRS NEDER, MMREEPERG TIRHIMRFTEEEEIR, FH=HIGBTEEEREERY_ EFFITpERS A, FF
PREFER R HIRE— NG IR LERERME RF (2.1kQ)F1— 1000pF AUIEIKEZS CF, VOUT HitHimhY 47k
QTHFERE RPULL-DOWN, Al Ht— A TR S E(VOH), fEX N A, S NE &7 IGBT
TN FHBESEHEE AT, IGBT J3EENE84EXMT. The two supp y bypass capacitors (0.1 pF) 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 DDESAT
600V/1200V fast recovery type, trr  below 75ns (e.g. ERA34-10) and capacitor CBLANK are necessary
external components for the fault detection circuitry. The gate resistor RG serves to limit gate charge
current and cont ro s the  IGBT collector voltage rise and fall times. The open collector fault output
has a passive pul -up resistor RF  (2.1kQ) and  a 1000pF filtering capacitor, CF. A 47kQ pull down
resistor RPULL-DOWN on VOUT provides a predictable high level output voltage (VOH). In this
application, the IGBT gate driver will shut down when a fault is detected and fault reset by next

cycle of IGBT turn on.

Fig35. Recommended application circuit (Single Supply)

with desaturation detection and active Miller Clamp
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* 1Z{EfmiA Description of Operation

1. IEEEE Normal Operation

IEET{EHAE), AT333J A9 VOUT AN LED B IF (IR 5. 6. 7 #0 8)i=Hl, |GBTEREEMR-ARFIREEE
i& DESAT Y5z, FAULT imlaitisEY, SE 36,

During normal operation, VOUT of the AT333J is controlled by input LED current IF  (pins 5, 6, 7 and 8),
with the IGBT collector-to-emitter voltage being monitored through DESAT. The FAULT output is high.
See Figure 36.

2, MEHM Fault Condition

DESATS |jiist= IGBT BY9Vce EBE. HIGBTH/SRY, DESATSIHI EAIEBEREIZ6.5 V, VOUTERHEHEETE,
PASCER "8 K, BrlEHINI SR di/dt FURMERE. BEREIEIEE — I RERINEE, ZHERESME
FAULT infitifeE S, mfuzhlzsiReE.

The DESAT pin monitors the IGBT Vce voltage. When the voltage on the DESAT pin exceeds 6.5 V while
the IGBT is on, VOUT is slowly brought low in order to “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. HEE(I Fault Reset

—BERNEETE, BHREHECITERET., T50EHE, LED BN ESESHZE, ILRsBET:
BKHT IGBT, 33FAT333), IRENEEIRIGHE5usHE) NEEHSHEESHIEREEM. WE36.

Once fault is detected, the output will be soft-shut down to low. All input LED signals will be ignored
during the fault period to allow the driver to completely soft shut-down the IGBT. For AT333J, the driver
will automatically reset the FAULT pin after a fixed mute time of 25ps (typical). See Figure 36

Fig 36. Fault Timing diagram
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4, mkEE Output Control

AT333J) B9EEHER> (VOUT #0 FAULT)E IF, UVLO FI—ME&MZEIAY IGBT Desat &{44HEEHl. —E UVLO
RIFIEENE (VCC2 - VE > VUVLO), VOUT misaithitimeEs, AT333) A9 DESAT #liThaeisax/s
IGBT {RIPRUEEFER, —BVCC2MOVIZNIZ] VUVLO+LA L, DESAT &4k &Z(ER, B2 VCC2 < VUVLO-
. Eltt, AT333JEIDESAT (Pin 14)#&UFN UVLO IhEEERT TAELARBRIERERY IGBT {&4F. The outputs (VOUT
and FAULT) of the AT333J are controlled by the combination of IF, UVLO and a detected IGBT Desat
condition. Once UVLO is not active (VCC2 - VE > VUVLO), VOUT is allowed to go high, and the DESAT
(Pin14) detection feature of the AT333J will be the primary source of IGBT protection. Once VCC2 is
increased from 0V to above VUVLO+, DESAT will remain functional until VCC2 is decreased below
VUVLO- . Thus, the DESAT detection and UVLO features of the AT333J work in conjunction to ensure
constant IGBT protection.

DESAT #&iik7S 2tk
IF UVLO(VCC2-VE) DESAT Function FAULT Output vour
SiE B3 TR ) fic
ON Active Not Active High Low
S8 o3k B3 (5 DESAT #=) 1R (=) (i3
ON Not Active Active (with DESAT fault) Low (FAULT) Low
5B ok BR(FE DESAT =) = (ETTHE=) =
ON Not Active Active (no DESAT fault) High (or no fault) High
K B T3 = {33
OFF Active Not Active High Low
KM T3 o3k =] (i3
OFF Not Active Not Active High Low

5. ZEENFNIAHRFEHAIP Desaturation Detection and High Current Protection

AT333) BB TREE, KEREHIREE. BAREHZENSERE. IGBTIEFIHEN, XEFLAR—1 R
BISIEASES RIREMEI—1M 65 RPN,

The AT333J 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 shut down, and
an optically isolated fault status feedback signal into a single 16-pin surface mount package.

AT333) R RRIERRISNS A2 BT WllIGBTRYIEH (S£HEMR) BIE, A EEEREEEIERERMARER
EREEALTISEINAY, /MR EE R B R 18 T FRIGBTAR RS EAU KRR, RO =i M RIEERE, FEREREIAR!
HIAEKEZRD, KEIGBTRYT. 7 IGBTRHUIASHARE), HEStGNERARR, LBSIEFERBRIEE" E5.
The fault detection method, which is adopted in the AT333J, 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.

SNSRINERRHATAERREEN TN, BXHIBNRIFLZE2NEIGBTERLARIEEIEN, (BRMNRMRIXNEEEMRT
ZNEE 5 IGBT BpoizE, NiZImEGEN. BIERNESEBIREE, AT333JRMEEMMRIKIEERERIE
SUTBREPRSIIGBT AITHFE. AIEFMMENITERS— P EISWRINS RinfEIGBTRITHRE, RABRRNE, iR
— I EERBRERTURETFTEE. FEit, AEETTRTAIISEIRBIERRIFIGBT,

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




A\ AOTE INEEET

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
AT333J 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.

6. MIEERT IGBT Ji{EBLE!E Slow IGBT Gate Discharge during Fault Condition

IHENE KGR, AT333) BtHIKaNRERPSS MRMHETTE, LUMERE IGBT "#R" XKW, ZssdHE IGBT
MHREIEE, LABSIEREERAIRIEZ, XA SR 5L Rk~ IR E. EEIEXMTEAR,
AEUEH RIS, ERSHEEMREVEE+2VIAT, AT KB FRESPEIGBTHIRHAIZ VEE,

When a desaturation fault is detected, a weak pull-down device in the AT333J 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. DESATHFEIEN;EEAIEIDESAT Fault Detection Blanking Time

IGBTH/S/S, DESATH=IENIERERIARIFI—ERATE), LAEEEFBIREB/EMEZEDESATENELLT. XERRTIEIFRA
DESAT;HF2Adi18), HAPIEBDESATFEEREE AT, DESATEREBHEFISMBDESATER AT,

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.

e _LiHRATERIESMEREEE (CBLANK), SR E{EFRE(VDESAT)F] DESAT ZEEHEIR(ICHG)ITESH, BP
tBLANK = CBLANK xVDESAT / ICHG, #E#F/Y100pFEBSAVIRICIHFSATE)/9100pF * 6.5V/240uA=2.7usec,

The nominal blanking time is calculated in terms of external capacitance (CBLANK), FAULT threshold
voltage (VDESAT), and DESAT charge current (ICHG) as tBLANK= CBLANK x VDESAT / ICHG. The
nominal blanking time with the recommended 100pF capacitor is 100pF * 6.5 V / 240pA = 2.7usec.

LA A EREEERATE, (ERENFERA/NT100pFRIR S, EISHEIRATENLER AT333) @R DESAT
SRR SATERIRIKESE, RIGBTHERIER, SEIRFIASIIRZ B SAHEBEIREIR(IRREE), NEKHT
BIESERLBusEEN. MRIGBTHEZE, SRRMASIRESHEBIFRERIRAER), HTDESAT
TIREBEHERS, MAAESAKINR, #EZ19100pFE ISR AR BITER LIS K S S8 FErIHEIR
NZRE],

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
AT333J 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 3 psec. 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.
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8. REMAH Under Voltage Lockout

AT333JREFAH(UVLO)IhEE S ERr LT iBrE AR @I58 HIAT333) Mt ESRMY IGBT FEINEBaIMitkeE
£, IGBTsEBEFE15VASMMKEBERREHEENVCE(SB)BEE. BEEMRBEET13V i, VCE(SB)B
[ESRIEN, TEHEERESNERT. EkEEIFERAET10V)AY, IGBTalses TIFELE X, FausRdH
. REHEINMNIIERIR(VCC)AR, UVLO InfgmaSauaHinHi, —BVCC2 #BidVUVLO+ (IEM UVLO
BHE), UVLOHAIA SRR, iFestamtmmAESI . ZVCC2MOVEERFVUVLO+)FFiaFE, DESAT
(FIPERRRESTEGE, SV CCH—S1EIN(ETFVUVLO+), UVLOHAHEERR. EUVLOSHIBIRZ /I, DESAT
(HMPEZEE, A, FTiCEEEE(VCCaHE, UVLOFDESATHIEMNZREILAMREI T, 1RESEFF.

The AT333J Under Voltage Lockout (UVLO) feature is designed to prevent the application of insufficient
gate voltage to the IGBT by forcing the AT333J output low during power-up. IGBTs typically require gate
voltages of 15V to achieve their rated VCE(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 (VCC2) is applied. Once VCC2 exceeds
VUVLO+ (the positive-going UVLO thresho d), the UVLO c lamp is released to allow the device output
to turn on in response to input signals. As VCC2 is increased from OV (at some level below VUVLO+),
first the DESAT protection circuitry becomes active. As VCC2 s further increased (above VUVLO+), the
UVLO c lamp 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 (VCC2).

9. BiEKENHEL Active Miller Clamp

SKEPEHAIAYFIER dV/dt B TEEPKEIR, FHEEAS AT RS RERIREE, X0, e
REBE, HBREBEET 2VOERT VEDES, $HAZAHECE. XTI 1100mA ROKEERY:, ifseEs
AUEY VOL+2.5V, %47 KK LED MRS, .

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 VEE). The ¢
amp voltage is VOL+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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+ HitiEFFHMHE Other Recommended Components

E35HRRIN B P— M TRIFEFE. — DESAT unfRIFEEFE. — FAULTIREEE. —4> FAULT in EHI
FRREAIAIRR N HA GRS

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
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ANODE Vour |11 1

LEA
ANODE  Veramp [lo}—
RruL-cown
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Figure 38. DESAT pin protection
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1. i Output Pull-Down Resistor

e AR ttiEEE, HIHEERELAZE VCC2, HFISE3 “IREFEMRLUA. R HERES R
HMEES, BMEBESE VR REE EFHIZE VCC2 -3(VBE)S VCC2 ZE, I TEmHEBERSIE VCC2
-3(VBE), EiN{EigHisSVEEZ EiE— N T HiEBRE RPULL-DOWN, LUEESH ISR =4 14 650uA 19
VERRR, THEBEEBRTERRREANE, ATLMRIEATL Rpull-down =[VCC2 -3 *(VBE)]/650pA #H1TIEEE,

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 pu I-down resistor, RPULL- DOWN between the output and VEE is recommended to
sink a static current of several 650uA w hi 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, Rpull-down= [VCC2-3 *
(VBE)] / 650pA.

2. DESATS|BH{FIREBREDESAT Pin Protection Resistor

SIGBTsEEZRIER _RERTEANET _REEERERISENBFSERREE, XS SHDESATS |
FFERARIRARIERE, NRARERFERENE, BN PHERARRER. A TBLERREER
SHURIRANRRICAKTE, FTEBA—1100 BUSHIEESDESAT _HREHEL. X MHEREBARKEE DESAT
BJEEL DESAT ;HBanRdia).

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 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.

3. BECMREES | LAY A Capacitor on FAULT Pin for High CMR

LiEREL TSRS, REERT S INSREREE. FAULT fMZEREZE— 1 1000pFEE, =
EECMRII50kV/ushy, AJER1ERIFEAICMOSIEESIR.

Rapid common mode transients can affect the fault pin voltage while the fault output is in the high state.

A 1000pF 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 S|i_EaY ERiEEEPull-up Resistor on FAULT Pin

FAULT 5|BIE2&EmRAizEt, RtFE— LEBKEHEEFES. Wi, SfEntTEY "5 58
SHERRE pORIPGInSH, . SR)EEE—R, DRUEHERRE.

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. HithaJgEaIR R EE (IaH4%) Other Possible Application Circuit (Output Stage)

E.39 EEmMRIRsN. JMBFESSIEEAMEIEIGBTIREN(VClampinANMERRY, FTESVEEER) VClampfE
JIRE —RNEBERIR, R R IR M TR B AR
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Fig 39. IGBT drive with negative gate drive, external booster and desaturation detection (VClamp should
be connected to VEE when it is not used) VClamp is used as secondary gate discharge path. * indicates
component required for negative gate drive topology.

Fig.39
[I Vs VE E
0.1uF 0.1uF
[2] Vet VLeD [15] ol
(3] FAULT DESAT [14]
[a] Vs Vee2 [13] L/‘
[5| CATHODE Vee [i2] ML |optionalk.
T ¢ —o +HVDC
[6 ] ANODE Vout [t1}—— Re W {H} —ﬁ{; AK}} Vee
Optional R Q1 ] = 3-PHASE
7 | ANODE o}
(7] VeLam [10] Reuucomn @ @ K} F AC
[8] CATHODE Vee [9] %5} —{K} Ve
b o -HVDC

E.40 EE0MkIRs), SNERIEESSAIAE IGBT iKa)., ATFESHMEMAN VCLAMP 25 —RIEBERE
Fig 40. Large IGBT drive with negative gate drive, external booster. VCLAMP control secondary
discharge path for higher power application

Fig.40
(1] vs VE [16]
0.1uF 0.1uf

[2] veet VLED [15] o
3] Faum DESAT [14]
[4] Vs Vee2 [13} L/‘
[5| CATHODE Vee [i2] ML Joptional e

T C —© +HVDC
[6 | ANODE Vout [11}—— Re %E} 4@ {}} b

Optional R Qi - 3-PHASE
7 | ANODE 10}
|: MELE H| ReutL-oown (‘D QiK} i AC
[8 | CATHODE VEE [9] %5} *K} Ve
Vv o -HVDC
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+ JMEZR~JOverall dimension

10.5£0.2 el

SOP16

£.220.2 A§ L0.2%0.2 g5x0.2 9.0z0.2 3,5T0,8

main
— [
)
W
[ TIT]

0.5%0.1

HFIRE:

Recommended

—U.5
| JHIBEEEEE

10.5

|
fHBBEERE—
u1 | 8 / BEf7: mm
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¢ FFmESHEMU Order code
AT 333J - UNY - W (V) (Z2)
@ O ® @ ® ® @

@ AT Company Code (AT: B4 Aote)

@ F=ERE%! Product Series (333))

® 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 RERESRMLOGO
» IN" denotes LOGO
* Ep=Eeh Y RS,  A(2018),B(2019),C(2020) ... ...

“Y" denotes YEAR: A(2018), B(2019), C(2020) ... ... AY O
* fiF=h “WW" REFE )
"WW" denotes Week' s number 333J

= e S YWWER

"E" denotes Internal code

* EDFEy "HY RERFER

“H" denotes Halogen-free

AOTE All Rights Reserved. Release Date :Nov 1, 2024. www.aotesemi.com
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+ @3packing

HERA (2= BHE | EHE | BEE BREESAINS 2E | AES 18 B/iE
Reel = = % % % * % * ﬁiﬁ? 50 /I\%'
SOP16 ($330mm ) 850 R/ | 2 #/&2| 8 &/f8 | 450"390*0.Tmm -:fg 340*75 | 650*375*365mm s 100 ASIE
Package i R Quantity | Quantity | Quantity Antls'fa.tlc ?ag I.3?x. Cér.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*0.1mm | 340*340*75 | 650*375*365mm
($330mm Blue)| pcs/reel | reels/box| boxes/ctn mm 100 Spaces at the
end
- fmifEE Tape & Reel
1) B58&E: 850 R; Qty/reel: 850 pcs;
2) BFEEE: 13600 R; Qty/ctn: 13600 pcs;
3) NB%: & 2 &, Inner packing: 2 reels/box;
4) 7~E=E Schematic:
b
&
- (P1)16£0.1 (Po) 40.1 (P2) 2£0.1 (Do)o1.55'6%
Lt m _0_._3*002
a R R R R R ) KRR )
- & . ‘ .
g = TR T !
x| = = L] ] N P P S J
: HE T T
I I 1 !
(D1)91.55+0.1
2.0+0.5
$13.0:02 ||
b o
4l = |H
2 & |
Y s 2| |H
{ $21.0:08 =y L
17.5+1.0
21.5+1.0
BRI mm
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AYY SEMICONDUCTOR AT333J
+ AJEEEME Reliability Test Items And Conditions
e D = SEITE SERRSRY AdmE Hm iz
Test Items Reference Test Conditions Time Quantity | Criterion
= Tsol= (245%5) °C, .
FIRRE JESD22-B102 sol= (24513) 1K1 times 22 0/22
Solderability t=5s;
e ;
m_ﬂ;ﬁ'& Tsol= (260+5) °C, .
Resistance to JESD22-A106 t=10s 3 JR3 times 22 0/22
Soldering Heat -
FREEEE Ta=25°C, HBM ER#% 3 R
JESD22-A114 10 0/10
ESD-HBM (2000V) P&N 3 times /
EEF
High emperature JESD22-A103 Ta=125°C 1000h 22 0/22
Storage
RECEF
Low Temperature JESD22-A119 Ta= -55°C 1000h 22 0/22
Storage
»/\\*n\ _ o, H VA N
R JESD22-A104 25 CU1sminj<= R 300 X% 22 0/22
Thermal Shock 125°C(15min) 300 cycles
EiREamie Ta=25°C, IF=50mA ,
i JESD22-A108 @ m 1000h 22 0/22
Lifespan Test Vce=5V
SiREmIie Ta=110°C, IF=20mA ,
RIS JESD22-A108 | ° m 1000h 76 0/76
DC Operating Life Vce=5V
EimEeRE
. _Qro —QEo,
ngh Tempe.ra'ture JESD22-A101 Ta =85°C , RH=85% 1000h 2 0/22
High Humidity [F=0mA , VCE=64V
bias Voltage
EmRE
Ta =110°C , IF=0mA ,
High Temperature | JESD22-A108 | ° m 1000h 22 0/22
. VCE=80V
bias Voltage
=EESR
Hi 'I'Tk_i;s;zf:g;eam JESD22-A102 P=15PSIG , 121°C, 96h 22 0/22
gnp o 100%RH
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+ EiFIEEEMZE Solder Reflow Profile

275 |

| 105 Max 300 |-

250 [ 5o5ec b 205 | s 10§_|:|/Iax
225 [T Tttt 5 [
& q Y 250 T mm T
P 20 f_1§_3_"§___i_c_/§_'\_nff_\__’ _____ \ 6T/ Max T 205 2200C_ TR TSN
215 2 200 | 4g0ec N\ 6°C/S Max
@ 150 [rommrmmeem Ve @ 175 BT
E- 125 | ! 190S Max] E‘ 150 |-—21> :

1

2 100 |---- : B o125 - 401205 Preheating,

2 L fo— 100 | ! !

160-1205 Preheating | 75

20 B 50 /s Max

25 4°C /S Max 25

0 1 1 1 1 | 1 | > 0 1 1 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 )
BAFITE Lead Process To4BHIFE 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.

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




A\ AOTE INEEET

+ ¥& 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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