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#tiA Description

AT333) EB— AlGaAs LED, LED SEBINXREHFHNEMRBEIECFIRS. AT333) IERESREBIIEHIE
LERMN FAFAINE IGBTs #1 MOSFETs, X KHBIFEREMHNBENBERERIFEESEEENTMEESE
1200 v #1 150 A 9 IGBTs, WTFESNERERA IGBTs , AT333) TR TFIFNHD BEIEIMAY IGBTs (IR
83, AT333J) RMEZREBIE viorm =1230vpeak,

The AT333J contains a AlGaAs LED. The LED is optically coupled to an integrated circuit with a power output
stage. AT333J 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 1200 v and 150 A. For IGBTs with higher ratings, the AT333J can be used to
drive a discrete power stage which drives the IGBT gate. The AT333J has an insulation voltage of viopm =

1230vpeak.

4 Features

« ERKBHIEEBTR: 2.5A
2.5A maximum peak output current
R/ANBHIEERRR: 2.0A
2.0A minximum peak output current
EAREBIEIR: 250ns
250ns maximum propagation delay
piakin)=2 bl
Desaturation Detection
KENTH{Z
Miller clamping
L7A BOKEHA |, ZBIARRT QAN vee FG3E
1.7A Miller clamp, clamp pin short to vg if not used
HENXEMERF ( UvLO)
Under voltage Lock-Out Protection ( UvLO) with Hysteresis
bR &S A FF BR SE FR AR P& [ 3R
Open collector Isolated fault feedback
« SO-16 $f3
Available in SO-16 package
= 100ns & KRKEELE ( PWD)
100ns maximum pulse width distortion ( PWD)
o B/NERHDEIEL ( cMR) : 50kv/ps ( vgq = 1500v)
50kv/ps minimum common mode rejection ( cMR) at vy = 1500v
o EAHEER lc(may < 4.5mA
Iec (may < 4.5mA maximum supply current
« Vo IL{EBE: 15v ~ 30V
Wide v operating range: 15 v to 30 v
« T{EEEE:-40. ¢ ~ +110, ¢
Operating Temperature: -40, cto +110, ¢
= IGBT #&HT
“Soft” IGBT Turn-off
« G AEc-Q101 FEHliRAE
Meet AEc-Q101 vehicle regulation level standard
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safety and regulatory approvals

—CQC IAIME: GB 4943.1-2022 (4%5: CQC22001352993)
CQC approved: GB 4943.1-2022 ( NO: CQC22001352993)

— ULJAIME: UL1577(4%S: UL-Us-2236520-0)
UL approved: UL1577 ( NO: UL-Us-2236520-0)

—VDE JAiE: DIN EN IEC 60747-5-5 (VDE 0884-5): 2021-10 ; EN IEC 60747-5-5: 2020 (485: 40051490)
VDE approved: DIN EN IEC 60747-5-5 (VDE 0884-5): 2021-10 ; EN IEC 60747-5-5: 2020 ( NO: 40051490)

NZFE Applications

fREZEY IGBT s fREELIhE MOSFET RIMRIKEN
Isolated IGBT/ power MOSFET gate drive
« RARMBEREREBIIKEIES
AC and brushless DC motor drives
= Tl¥arss
Industrial inverter
= R[EErEIR
Uninterruptible power supply (Ups)

HIEFNRIEE packageandschematic Diagram
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3|15iBE pin Description

AT333)

O« v [1e]
(EB LY Y 1]
L nesar [0
v U Ty |
[ camone b ]
[ ] amocn i [11]
[ ancee Voue [WH]
] carnone Y 2]
3w &8 jisk
Fin Symbol Description
1 Vs M Input Ground
Vea IEEINBRERE (3.3V ~ 5.5V) positive input supply voltage (3.3V to 5.5V)
Fault output. FAULT changes from a high impedance State
HilEta g, 4 DESAT BB EAEsEmE 7V AT , | toalogiclowoutputwithin 5 ps of the voltage on The
FAULTHMSH—ANTTIREEBIRAYSS |, 7E5us iy | _DESAT pin exceeding an internal reference voltage of 7V.
3 FAULT FAULT BiS \SIEIASEER R — NEIERFETE. £ | FAULT outputis an open collector which allows the FAULT
E—EERRAEaANY FAULT BILL s sBiaessi—ae | OutPuts from all AT333J in a circuit to be connected
BEFEEL, togetherina “wired OR" forming a single fault bus for inter
facing directly to the micro-controller.
4 Vs NI Input Ground
5 | CATHODE | BRiR Cathode
6 | ANODE | BAiR Anode
7 ANODE | BE#R Anode
8 | CATHODE | FBth Cathode
9 Vee HIHEERRE Output supply voltage.
10 Vaamp | KEDEHU Miller clamp
1 Vour MR ENEE E Gate drive voltage output
12 Ve HHEEIRB ., Output supply voltage.
13 Vea IEREHEEIREE positive output supply voltage
Desaturation voltage input. when the voltage on DESAT
14 DESAT \%’t@,ﬂ]\%}ﬂﬁ)\é [Ei). = DESAT EH]%EEEBT T | exceeds an internal reference voltage of 6.5V while the IGBT
ERTBEAERSEHEE 6.0V RS |, MIERIHIRETE ison , FAULT output is changed from a high impedance state
5us INEBRIRSEETRL— MBIE(REE to a logic low state within 5 ps.
LED anode. This pin must be left unconnected for
15 Vieo LED BER, ATIHRIESEERIAE | WS IHZIRT | guaranteed data sheet performance. (For optical coupling
TEE. (NAETHENE) testing only)
16 Ve TBFA(IGBT A5HtR)MtHEIREE Common (IGBT emitter) output supply voltage.

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

www.aotesemi.com




o Rul2dl s JNEEEY

PR Sap2#NOrder code

AT 333J -UNY - W(V)(Z2)

@ @ ® ® ® ® @
@ AFKHE company code (AT: B4 Aote)
@ FFERZE% product series ( 333J: 333))
® HEZETY Lead Frame ( cu: $FHEZE copper)
@ WPERAY Epoxy ( H: I5& Halogen-free, L: /%4 Halogen/ Lead-free)
® HER I package (s: sOp)
® B TI{EREEE Device Operating Temperature Range (4% CEIZEIES ZF =K special Range or None)
@ REP#FEMAE Internal supplementary code (EFFa&Z=H Number or None)

EN={=8 Marking Information

Epzeep “ A JBREREE LOGO
“ denotes LOGO
Elzrh "y AOERERD : A(2018), B(2019), ¢(2020) ... ...
“y" denotesyEAR: A(2018), B(2019), c(2020) ... ...
Bz "ww" KRES
“ww"” denotesweek,s number
Eieh "B AR 333]J
"E" denotes Internal code YWWEH
- BIITEFHRY "H" RN, MEFmBER/LHE, I
=8
In the second line, “H” denotes Halogen-free, when the
product has halogen/lead-free, leave this blank.
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HISFIEHNSE. Insulationand safetyrelated specifications

mE o= B By it
Item Symbol Value Unit Remark
TeeBEEE MBSt , BAMAREIERKRE
L 83 mm Measured from input terminals to output terminals,

creepage Distance shortest distance path along body.

MNENREELE , BT SHREES

SR ) L 83 mm Measured from input terminals to output terminals,
clearance Distance shortest distance through air.

IR o1 05 REFEFFIERNER Z BRVBRIE R

Insulation Thickness ’ mm Insulation thickness between emitter and detector.
IE{EPREIEEE 1500

Maximum working Insulation Voltage Viorw Veeak | IEC/EN/DIN EN60747-5-5.

B IRErEE 2000

Highest Allowable overvoltage Vierw Vpeak | IEC/EN/DIN EN60747-5-5.

PREREE )

Isolation Voltage Viso 5000 Vims For 1 minute.

RPRZS48 AbsoluteMaximum Ratings

¥ ws VR BN By
Parameter Symbol Min Max Unit
EPRE T L
storage Temperature : -55 125
TIRNSER .
operating Temperature Ta 40 +10 ¢
IR
output Ic Junction Temperature i -40 +125
I ERR I 25 A
peak output current ® ‘
AN 2 A
Average Input current Trave) - m
BSRINIEER T
(< 1 psBkitEERE, 300pps) 10 A
peak Transient Input current, Trrmany - ’
(<1 ps pulse width, 300pps)
[RIFHRNFEE v c y
Reverse Input Voltage R -
SIS ERER ' 25 A
“High” peak output current OHPEAK) - :
REE i IS ERER . 25 A
“Low” peak output current OLIPEAK) - :
IEFSNEEIREEE 05 20 v
positive Input supply Voltage Vea -V .
EPEEI AR = 80
FAULT output current FAULT - ’ mA
HEHEE —
FAULT pin Voltage Veaur 05 Vea v
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. s M =IN =] BAfy]
pirameter Symbol Min Mlax Ulnit
Rl ERIREEE 05 a5 v
Total output supply Voltage e
N (Veez - Ve)
SURLEREE(TA >90) o 05 % y
Total output supply Voltage ’
TR EEIREEE
SBEBIR (Ve - Vi) 05 15 v
Negative output supply Voltage
AR
Positive output supply Voltage (Veea - Vi) 05 30 v
MR AN EIH R 05 v
Gate Drive output Voltage Vorean e Vea
HHTIBERE . A
Peak Clamping sinking Current Ictamp - ‘
KENTHALS IBIESE 05 \
Miller Clamping Pin Voltage Veamp e Veez
DEsAT EBJ&
DESAT VOJ;a ge VDEsAT Ve Ve+10 v
IC LT
output IC Power Dissipation Po - 600 mw
ICEAIIE 150
InputIC Power Dissipation P - mw
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HEFRUIRESH Recommended operatingconditions

o il B  oN B

Parameter Symbol Min Max. Uniit
TERE » .
Operating Temperature Ta +110
BNFEE (OFF)
Input Voltage (OFF) Vrorn 0 0.8 Vi
BAEET (ON)
Input Current (ON) Irony 7 16 mA
SR EIREBE
Total Output supply Voltage (Veez - Ver) 15 30 v
I ERREE
Negative Output supply Voltage (Ve - Vee) -0.5 15 v
B R E
positive Output supply Voltage (Vecz - Ve) 05 30 - (Ve - Vee) A

FELEdEIES#0 Electro-opticalcharacteristics

MRIEBBUEE , BRENEERE Ta =255, Veco - Vee =30V, Ve

FIEEM.

Unless otherwise noted, all typical values at Tao =255, Ve - Vee

specifications are at Recommended Operating Conditions.

-Vee = 0V illi§ ARSIV EANISERE

=30V, VE - Vee = 0V; All Minimum/Maximum

2 i et B s X By | &
Parameter Symbol Condition Min, Typ. Max. Unit Note

s E iR E Iraur = 1L.1mA, Ve = 5.5V } 0.1 04 v }
FAULT Logic Low Output VFauLTL
Voltage Irautr = L.1ImA, Vear = 3.3V ) 0.1 04 Y, )
BIEPERHHER Vraur = 5.5V, Vea = 5.5V _ 0.02 0.5 pA i}
FAULT Logic High Output TrauLTH
Current Vraur = 3.3V, Vea = 3.3V ) 0.002 0.3 MA )
SEEFEIHER Vo-=Vc -4 -0.5 -15 - A

. Ion 24,21
High Level Output Current Vo = Vcez-15 -20 . . A
(KEEFHHER . Vo = Ve + 25 0.5 15 _ A 352
Low Level Output Current o Vo = Ve + 15 2.0 _ _ A "
HPES MR R
Low Level Output Current Towr Vout - Vee = 14V 90 140 230 mA )
During Fault Condition
AR V Io = -650pA Vcc-0.3 Vcc-0.1 \Y 4,6,23
High Level Output Voltage on 0= "0LM e e - e
{REE Rt
Low Level Output Voltage VoL Io=100mA ) 017 0.5 \Y 5724
A REHERE
Clamp pin Threshold Viclamp ) ) ) 25 \ )
Voltage
{REBEHAERTR
Clamp Low Level I Vo = Ve + 25 0.5 11 i A 8
sinking Current
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Parameter Symbol Condition Min. Typ. Max. Unit Note
T ERRFE R L oma y is .
High Level Supply current lecn ° = - ’ ‘ m 9,10
ERFEPERIRERIR 25,26
Low Level Supply current lecat lo = 0mA - 24 4> mA
RENRSHE SRR
Blanking capacitor Lehg Voesat = 2V -013 -0.24 -0.33 mA 11, 27
charging current
EHR SRS
Blanking capacitor IpscHa Voesat = 7.0V 10 30 ) mA 28
Discharge current
DESAT El&
DESAT Threshold VDEsAT Vee2 -Ve >Vuvio- 6 6.5 7.5 \ 12
UVLO EiE Vuvios IF =10mA, Vo > 5V 105 116 125 \Y _
UVLO Threshold Vuvio- I =10mA, Vo < 5V 9.2 103 111 \ _
UVLO iR (Vuvios - 13 y
UVLO Hysteresis Vuvio-) - - ’ - -
HEESHMARERER
Threshold Input current IrH Io =0mA,Vo > 5V ) 2.0 5.0 mA _
Low to High
HSEHRAYMNERERE
Threshold Input Voltage Ve Io =0mA, Vo <5V 0.8 ) ) \Y )
High to Low
RAIEMSEE
Input Forward Voltage Ve Ir=10mA 12 16 195 v -
IERENBEEREFRE
Temperature coefficient of AVi/ATa ) ) -13 ) mV/, ¢ _
Input Forward Voltage
RSN EEFEE
Input Reverse Bvr Ir = 10A 5 ) \ )
Breakdown Voltage
ENGERS
Input capacitance an f=1MHz, Vi = 0V . 70 - pF .
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FFx#HE switching specifcations

BRIFBBIRE | HBEENEEE Ta =255, Vecz - Vee = 30V, Ve - Ve = 0V UG FTERISR/IVERIISERAE

FIEEM.

Unless otherwise noted, all typical values at Tao =255, Vccz - Vee = 30V, Ve - Ve = 0 V; All Minimum/Maximum

specifications are at Recommended operating Conditions.

2o
Parameter

o=
Symbol

i
Condition

B
Min.

A
Typ.

BX

Ry

(=3
Unit | Note

SR A REIR R A
propagation Delay Time to
High output Level

toLH

{RRFE i H AR R AT ()
propagation Delay Time to
Low output Level

toHL

BKHEEEAE
pulse Width Distortion

pWD

SR MR EEZ BRI ER
SERE

propagation Delay Difference
Between Any Two parts or
Channels

EFtatiE

Rise Time

tr

TREATE]
Fall Time

t

Rg =10Q, Cg = 10nF,
f=10KHz,

Duty Cycle = 50%,

Ir = 10mA, Vccz = 30V

50

180

250 ns
11314,

50

180

151629

250 ns

30

80 ns

-100

100 ns

50

ns

50

ns

DESAT E34£3 Vo &= 90%2 /8]
ARERAE)
DESAT Sense to 90% Vo Delay

TDESAT (90%)

Coesar = 100pF, Rg = 10Q,
Cg = 10nF, Vccz = 30V

0.25

17,30

0.5 S
H 35

DESAT &5£%! Vo (&% 10%2 /8
ARERAHE)
DESAT Sense to 10% Vo Delay

tDESAT (10%)

Coesar = 100pF, Rg = 10Q),
Cg = 10nF, Vccz = 30V

1819
20,30
35

DESAT 22 B T EIEE S5
HASGEIRATIE)

DESAT Sense to Low Level
FAULT Signal Delay

tDESAT (FAULT)

Coesar = 100pF, Rr = 2.1KQ,
Cr = open,Rg =10Q,
Cg = 10nF, Vccz = 30V

0.25

05 us | 3035

DESAT ##£%I) DESAT {[EEE &
HEIERRAT(A)

DESAT Sense to DESAT Low
propagation Delay

tDESAT (Low)

Coesar = 100pF, Re = 2.1KQ,
Rg=10Q, Cg = 10nF,

Veez =30V

0.25

us | 3035

DESAT I \E#ET(E]
DESAT Input Mute

tRESET (MUTE)

15

s 35

HIEESEESE IR
i8]

RESET to High Level FAULT
Signal Delay

tRESET (FAULT)

Coesar = 100pF, Re = 2.1KQ,
Rg=10Q, Cg = 10nF,
Vcer = 5.5V, Veez = 30V

20 us
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N we it b )\ ;3] Bk | B g
Parameter Symbol Condition Min. Typ. Max Unit Nlote

Ta =25, CF = 10mA

Vem = 1500V, Vccz = 30V, 15 25 B
SR A EDEIRE Re = 2.1KQ), Cr = 15PF 3132
outPut High Level Common 1Mkl Ta =25, Ck = 10mA KV/ps 33,34
Mode Transient Immunity Vew = 1500V, Ve = 30V, 50 60

Re = 21KQ, Cr = 1nF -

Ta =25 CVF =0V

Vem = 1500V, Veez = 30V, 15 25 _
REE i ROl B8 Re = 2.1KQ, Cr = 15PF 3132,
outPut Low Level Common ICMLI Ta =25 CVi =0V KV/s 33,34
Mode Transient Immunity Vew = 1500V, Vee = 30V, 50 60

Re = 21KQ, G = 1nF
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BRRUSCERAEM AR Ty picalcharacteristicscurves

Fig.1 vour Propagation Delay waveforms Fig.2 output High current vs. Ambient Temperature
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Fig.3 output Low current vs. Ambient Temperature Fig.4 High output voltage Drop vs. Ambient Temperature
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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

Low Output Voltage-V., (V)

Dutput Low Current-L, [A)

Fig.9 output supply currentvs. Ambient Temperature
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Fig.11 Blanking capacitor charging currentvs. Ambient

Temperature
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Fig.8 clamp Low Level sinking current vs. Ambient Temperature
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Fig.10 output supply current vs. output supply voltage
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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 Sense to 10% v, Delay vs. Load Resistance Fig.20 DESAT Sense to 10% v, Delay vs. Load capacitance
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K= EB ERE Testcircuits Diagrams

Figure 21.Ion Pulsed Test circuit Figure 22.1o, Pulsed Test circuit
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Figure 23. Voy Pulsed Test circuit Figure 24. VoL Pulsed Test circuit
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Figure 27.1uc Pulsed Test circuit

Figure 29. Teiw, Trhy, Tr, Tr, Test circuit
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Figure 31. cMR Test circuit LED2 off
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Figure 28. InscHg Test circuit
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Figure 30. Toesar Fault Test circuit
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Figure 32. cMR Test circuit LED2 on
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Figure 33. CMR Test Circuit LED1 on Figure 34. CMR Test Circuit LED1 off
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MNFH=RE. Application Information

1. 7= R %A 5 B8 productoverviewDescription

AT333) ESEEMNIIREGHISEMH |, KX, [RER IGBT/ MOSFET MH#RIRsNE K S FEFRIFFR B KAV AN T
EREI— SO-16 ik, BIRKEHMUIIEEHER T KSHM AP ARMRIENNFZR | FRTFsENIR[ERE
BB EEEITERE, NRENRGHKE TS 150A/1200V 1Y IGBTs, HiF R4 & AR E b IR(E 7 Hi= %28
IGBT ZEIRIEHEIEIR , ERATFRNRAEFEANEEBEEETET  XELWENKAMEMERFXLAPRE
. @\t IC 7 IGBT RHHBEMRIFLA LIS BB =L IR |, B R AMERSRER T I S2RENHERSR
®/ES. WE "B\ BE , UVLO MUSEMEBEREE , LFGLE IGBT HIIMMRIEHEERNENIMSR, XREM IGBT
MRk SERSBIRMBAOMRENTREYE | TAEBEER, ARNERNS TR,

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 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 150A and 1200V. A high speed internal optical link minimizes the propagation delays between the
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 optical 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 reliability of a motor drive without the cost, size, and complexity of a

discrete design.

AR SO-16 hIRTHNMRATRENMNEREBE | RERAZHBE, BHIERFME O ZEE. B
Mgs IC KAEE BICMOS/II®R DMOS T Zigit#lis. N LED1 i , TEESHERERERERIREHES. W
LED2 Fim , EAESHREERBEERHERASHREES.

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.

HFIERZRET , LED]l BIfREmiailes IC EiEfs IGBT [k , LED2 {R¥FXH., W% IGBT &fERY , HiHieilzs
IC SZBPFHA "iR" KB, LARIRE975E0% IGBT BIRIHEER |, LIBRBENAISEN IGBT FAERERR. R | Z#8iERES
B LED2 fEgERAR | SEBESIRESBAESEY . B RETSEESHAERRR 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.

LEBEAE | BRI AT333) MHEBTES . RESE (UVLO)IIRERIRDLE IGBT kB ERERNASR. —BRHATS
RSP |, AT333J B9 DESAT ( Vet ITHRERI IR ML IGBT £RiF.  FEE , UVLO 71 DESAT #h@EIfF , 79 IGBT RAHEER
.

During power-up, the Under Voltage Lockout ( UVLO) feature prevents the 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 ( Vct) detection feature
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of the AT333J provides IGBT protection. Thus, UVLO and DESAT work in conjunction to provide constant IGBT
protection.

2 MEFF M ABEE RecommendedApplicationcircuit

AT333) E5— LED @AMRIZEIR— FrisEmkiEmy | ERT " 5" BEBRREA. B 35 finEERABRE
BT (ER AT333) ROHEEMHMRIKENEBE. TENAEX IGBT 9Kz, R , StiERT MOSFET, #RfEF MOSFET &
IGBT HMREEERXK , RITARTBEEEREE VEBIRBEGRTF IGBT |, #iY Vcc = 17.5V , XF MOSFET , # Vcc=
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 Figure 35 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
Vce = 17.5V for IGBT and 12.5V for MOSFET).

RANREREERESO.1 p HAEFXBESREBSAKER. HTRBEERNESEHE | —NMNhEREROGEMABRREET.
PERE R EXBITIRE Doesar ( 600V/ 1200V) | tof&F 75ns(81 ERA34-10)FIFEE Cerank SN ERAIHSEIMER
B . MREEME Rc AT RFIMIRFTERER |, Fizh IGBT SEREEN EAMTIEEE. FREBREERHEE—NE
JR_EAIEERE Rr (2.1kQ)F1—™ 1000pF AUIEIKEEE Cr , Vour HitHimAY 47kQTHIEBME Reuw-bown , FTHEMH—NETFGIASEER
FEHEEVon). EXMEAY , HEURKEHE IGBT W TF—MTBEESHEHMESMAT |, IGBT [JIREhEEEXET.

The two supply bypass capacitors (0.1 p F) 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 desaturation
diode Dpesar 600V/1200V fast recovery type, tr below 75ns (e.g. ERA34-10) and capacitor Ceiank are necessary external
components for the fault detection circuitry. The gate resistor Re serves to limit gate charge current and controls the
IGBT collector voltage rise and fall times. The open collector fault output has a passive pull-up resistor Rr (2.1k Q) and

a 10000pF filtering capacitor, Cr. A 47k Q pull down resistor Reui-pown on Vour provides a predictable high level output
voltage (Von). 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.

Figure 35. Recommended application circuit (Single Supply) with desaturation detection and active Miller Clamp
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AT333)

E{EFiA Descriptionofoperation

1.IE % #/ENormaloperation

IEET(EHAA |, AT333) A9 Vour BREAN LED BB Ir (SIR 5. 6. 7 70 8)3=fH] , IGBT S£EER-REMREEET DESAT iz,
FAULT infi tH S ¥. &IE 36,

During normal operation, Vour of the AT333)J is controlled by input LED current Ir (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 tFES& (4 Faultcondition

DESAT 5§t IGBT B9 Vee[ERE, 2 IGBT FF/2RY , DESAT S| LAYRBEEET 6.5V , Vour SEMIEEAEFE , LISTH

"R OKET, BOLEHIUS SR di/dt FIRREEEE.  EREENEE - IREREEE | HRERERMES FAULT inHEE
¥, ERIEBIRERE.

The DESAT pin monitors the IGBT Vcevoltage. when the voltage on the DESAT pin exceeds 6.5 V while the IGBT is on,
Vour 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.t fEE I FaultReset

—BEmNEgE | BHISE Sus (BUMBE) ARE. EREME , LED IERANGESHEHRAE | LRGBS IKIT
IGBT., #IEIRZIGIE Sus (/) EFRIEERT—R LED FEREM. TE 36.

Once fault is detected, the output will be muted for 5 us (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 Figure 36.

Figure 36. Fault Timing diagram
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45l utputcontrol

AT333J) B ERD (Vour F1 FAULT)E Ir, UVLO F1—/MEMZEIAY IGBT Desat FUHEEHRIESH. —B UVLO RIFIZEH
iE(Vez - Ve > Vuwo) , Vour RSB AIFEHEEB ,AT333) A9 DESAT #&UINEEREM I IGBT (RIPFEEFER., —B

Veea M oV INZE Vuvio LALE , DESAT B4k &I1EER ., BEF Vcez <Vuvo-.

UVLO Thae ARt TYELAFRIRERERY IGBT (R,
The outputs (Vour and FAULT) of the AT333J are controlled by the combination of I, UVLO and a detected IGBT
Desat condition. Once UVLO is not active (Vcc2 - VE > Vuwo), Vour is allowed to go high, and the DESAT (pinl4)

detection feature of the AT333J will be the primary source of IGBT protection. Once Vcc: is increased from oV to
above Vuvio+, DESAT will remain functional until Vcc2 is decreased below Vuvio- . Thus, the DESAT detection and
UVLO features of the AT333J work in conjunction to ensure constant IGBT protection.

ALt , AT333)

AT333)

A9 DESAT (pin 14)#& N

DESAT {7 b

5 PG DESAT Function FAULT Output i
5iE B To = 1%
ON Active Not Active High Low
=2 TS BRUDESAT &%) (&) 1%
ON Not Active Active (with DESAT fault) Low (FAULT) Low
. Tk (T DESAT #55) B EFEER) ]
ON Not Active Active (no DESAT fault) High (or no fault) High
S BY To = iy
OFF Active Not Active High Low
S pisd To = iy
OFF Not Active Not Active High Low

5. 37087046 MF0 K BB 7R 1R 37 DesaturationDetectionandHighcurrentprotection
AT333) BRTHEBE. KERBMEEHNE. WAMNREZEANSELRE. IGBT @ MM, XEUR—NHEER

H BEIRSESRIREME— 16 S| RHIRE.
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) SRR ARE S E IGBT AR (S£HEIR) BESIIN . AEEBEREERTIEREER A BB

BEFEAL. NHBAR Y FB 2 BRI IR e IGBT SEBRS IR AT KA |

¥ IGBT XM, 7 IGBT XUIREHAE , SISONEBIRALR , BT EERBR "HE" 5.

The fault detection method, which is adopted in the AT333J, is to monitor the saturation (collector) voltage of the

B LEF= eI RIE B R, EREFBIXEIRIA KT ZRAT |

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.

MRINER[HAERENEH  RANE IGBT BRUBLEXEBNNERRIFSEZERN , B2 RMIRIRE ERER
Z){NBER IGBT Mo EE , MixHEEEN. BEEENESBREE , AT333) BEEMREIBEERENER THEE
FR%) IGBT RIh#E, EMWIENAEZS—NEITPHMERNE IGBT FNINENERN , MR- MHNEREERMNZ
eTEEEBRARRBENGZE. Bt , TRESTRTOIEREERR 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 AT333J limits the power dissipation in the
IGBT even with insufficient gate drive voltage. Another more subtle advantage of the desaturation detection method

www.aotesemi.com
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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 XS TIGBTI I "%k i slowIGBTGateDischargeduringFaultcondition

SN KIQMBER , AT333) BHIRSM RS TAEMHISTTE , LUREE IGBT "#8" XH#f. %234 IGBT iR &8
B, UBLERERNRELZN , XMENSESILBRMAERRNENRIERE. EEIEXETEE , KXEH TSR
Xl , BERWHEBEREE Vet2V LT, AR TRESEMGS IGBT fHRHAZE Ve

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 Vet .

7. DESATHFEE ;i B& AT (8] DESATFaultDetectionBlankingTime

IGBT F/5/5 , DESAT RGN B MR IRIFRY—ERATE , LUFEBRIRBERZE DESAT BEIT. XERABERA
DESAT i&faBdia , ISR DESAT FeEBRE 7.  DESAT EE/EEEFISMNEE DESAT EEZSIR4I,

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.

Eig FiHRAERIEIMBEBE (Coan) . HPEEIEREE (Voesan 1 DESAT FEEBEER (Ione) LT EGH |, BD teank = Caiank X
Voesar / Ien. $EFFRY 100pF BBARIIEISIEFSAT A/ 100pF * 6.5V/240uA =2.7 psec,

The nominal blanking time is calculated in terms of external capacitance (Csiank), FAULT threshold voltage (Voesar),
and DESAT charge current (Icue) as teiank = Caiank X Vpesat / Icug . The nominal blanking time with the recommended
100pF capacitor is 100pF * 6.5 V / 240pA = 2.7 psec.

TLHEMBEESERBREREE  BTENERNT 100pF (BEE, BISHIRAEIRZR AT333) A DESAT iR
SHENRKEE. MR IGBT FENER , SBRANRSRZESHEBRIFERIEAEER) , NRXHEBEEEARS
3 ps 5EsN. MR IGBT AEZE , SBERMAFRZBSHEEIFEE(DHRNER) , BT DESAT ZiRENFLEHFKE
B, WRRESKKIIR, HF 100pF BESIRAE B A RLAIER A % $5 FAY#HFEE K AT &),

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 while 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.

8./ EMAS undervoltageLockout

AT333) XEA(UVLO)IhEE E7ERA L L ERERIBI A IGBT ik FEBEARE MRS AT333) MHEEF. IGBTs BEFE 15V H
WRkEBERREBEFEN Ve(BB)BE. BEEMREBEEET 13V I, Ve(S@)BEIRIEN , TEEERERENER
T. EMREBEIEERGET 10V)AT , IGBT TR LIFEL XY, , HiuEEH., REEMNOIEBIRE(Vc)ARARZ , UVLO
NEEM S SEE H iR HA . —B Ve #8id Vuvo+ (IEM UVLO ElfE) , UVLO $HHMSHER . AFSEEIAmNEST
Wi, 2 Ve M OVUET Voo ) FFIAFHE , DESAT (RIFPEEBESLHIE. BEE Vo #H—HEMGET Vowo:) , UVLO i
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WM. £ UVLO ARl , DESAT (RIFEZRNE. BRIt , FTiEBIRBEV)IT , UVLO 1 DESAT #fate s
METLARNIE | BEHEEFRP.

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 V&(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 (V<) is applied.
Once V2 exceeds Vuvio+ (the positive-going UVLO threshold), the UVLO clamp is released to allow the device output
to turn on in response to input signals. As V. is increased from OV (at some level below Vuvio:), first the DESAT
protection circuitry becomes active. As V2 is further increased (above Vuvio:+), the UVLO clamp is released. Before the
time the UVLO clamp is released, the DESAT protection is already active. Therefore, the UVLO and DESAT Fault

detection feature work together to provide seamless protection regardless of supply voltage (Vcc2).

9 FiEKEDHIActiveMillerclamp

KEHGRITFES dV/dt ERTEFRSER | FAEERSHNASTUBRERBIREE. XEHED , SHHREERET
V(HEXSTF VeRd |, USEStREBE |, RBSHUBMEHGENE. XYTF&iE 1100mA ROKENER | SHIUEBEREEN Vo+2.5V.
LERMA LED BN , $HURRK.

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 Vie). The clamp voltage is VoL+2.5V typ for a Miller
current up to 1100mA. The clamp is disabled when the LED input is triggered again

HitEF4E4 . therRecommended components

B 35 R FAEBEP— Ml FHEE. — DESAT im{RIFEEH. —4 FAULT inBB&. —4> FAULT ix EWEEEME
IR ENH AR EE.

The application circuit in Figure 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
Cgw Ve E:|7 Ciw Ve ET‘L
[E] v Vs 93] =l v Ve [35] 1“#': E
(i | oy nesat (W], (e o DESAT Wb
il Vea ._—,,_.T v Vees [T —
5] earvooe . E’_ql;, E =] catvooe Ve E_(I7
[i ] awooe Vian E—ﬁ—l =] amane Vi EI—'IFG\.—
[ anone Vissaw | 10 - ] Y- ] anoee R T =
[ ] eathone Vi T CATHODE Ve 31
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L. FhifEFE. utputpulll--DownResistor

ERHAEBEFNEREE [ HHBELRELAZE Vo , £ 3 AITREFERUA. IRALBREASEREMEEZES | @
HEBESE/LHMPAXIEE EFE Ve -3(Ver) 5 Vo Z[E, ATHEBEHBERSIE Ve -3(Ver) , ENUEBRBS VeZ
EHEE—NTHREERE Reuw-pown , LUEEBHASEFEFED 650uA ASEBR, THEBERRATFERSRNE , &
LURIBATS Roul-down = [Vea-3 *(Vee)]/650uA HITRZEE,

During the output high transition, the output voltage rapidly rises to within 3 diode drops of Ve . If the output
current then drops to zero due to a capacitive load, the output voltage will slowly rise from roughly Vcc2-3(Vse) to
V2 within a period of several microseconds. To limit the output voltage to Ve2-3(Vee), a pull-down resistor, Rpuit-
pown between the output and Ve is recommended to sink a static current of several 650uA while the output is high.

Pull-down resistor values are dependent on the amount of positive supply and can be adjusted according to the

formula, Rpui-down = [Vec2-3 * (Vee)] / 650pA.
2.DESATS |iMF4REEFEDESATpinprotectionResistor

5 IGBTs EEMNERZIRERERKBIT ZIREBICERRENRSERBEE. XA g2 S DESAT 5| EF=4K
ARARERE , MRAREBURPEEROIE | BSNENSRFEBRERR. ATHEBRRHERASRIFIRENEE Ic
HKE |, FEBA— 100 BUBRIEBIES DESAT ZiREHEK, XMFIGRIEEAR<KE DESAT ElfEs; DESAT iHEiRAdEL.,
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.

35 CMR# f& ix AY BB 28 capacitoronFAUL TpinforHighcMR

SYERHATSREEREN | RELERTESFNHIEREE. FAULT itz ARZEZE— 1000pF B , HTE
cMR J9 50kV/ps Bt , FIERIBREIBRI cMOS IRFERR.

Rapid common mode transients can affect the fault pin voltage while the fault output is in the high state. A 1000 pF
capacitor should be connected between the fault pin and ground to achieve adequate cMOS noise margins at the
specified cMR value of 50kV/ps.

AFAULTIwRAY_ERIEFE pull-UPResistoronFAUL Tpin

FAULT S|MREERFREY | BUFE—LUBERER—SBEFEES, It | SEAHTEY "&" EBES5HM
RERNFRIP(FIINE R, BE. TR)EEE—E | BREESERE.

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.
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5.E fth rT REAI Mz FAEER (i . therpossibleApplicationcircujt outputstage)

E.39 EFHaMiRIKs. SMBFE[RMEILAICNAY IGBT e (Vaamplin AEFRR | BES ver EHE) VaamplEAMRAIZ
RIMEBEE, *FREMIRIRAINEERT LA AR ERSD .

Figure 39. IGBT drive with negative gate drive, external booster and desaturation detection (vcamp should be
connected to vee when it is not used) vaamp is used as secondary gate discharge path. * indicates component

required for negative gate drive topology.

Fig.39
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Fig.40 Large IGBT drive with negative gate drive, external booster. vcLAMP control secondary discharge path for
higher power application
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PR Thermal Model

AT333) it EEEIEA ICHSIH 1. 4. 5% 8 LAREE ICHISIM 9 1 12 #H78R. Al , HBHREFEA Ve 5IH , B
51 9 F1 12) B EMS IS EEEHNMSIARKIAAETUREN | LR TFEE,

The AT333J is designed to dissipate the majority of the heat through pins 1, 4, 5 & 8 for the input IC and pins 9 &12 for
the output IC. (There are two Ve pins on the output side, pins 9 and 12, for this purpose.) Heat flow through other pins or
through the package directly into ambient are considered negligible and not modeled here.

AT KRB RAINSTAENIRE | §IH£IJ 5. 970 12 W SHEBEEE, REFABIRANEME | L12550NEBWRAEE
MIERWINFENE—HWRE | SERTESUTAXITE:

In order to achieve the power dissipation specified in the absolute maximum specification, it is imperative that pins 5, 9,
and 12 have ground planes connected to them. As long as the maximum power specification is not exceeded, the only
other limitation to the amount of power one can dissipate is the absolute maximum junction temperature specification of
125, C. Thejunction temperatures can be calculated with the following equations:

Tji = Pi (Bis + Bsp) + Ta

Tio = Po (Bog12 + B9124) + Ta

Hep P =8N ICHITIE |, Po =#itH ICHITOEE, HIFO0:af10s . 2aBURTF PCB HBHISR |, AIRERIAETIINERSE. Eit |
BRI EEENGEMUTA:

where Pi = power into input IC and Po = power into output IC. since 8 sa and 09,124 are dependent on PCB layout and
airflow, their exact number may not be available. Therefore, a more accurate method of calculating the junction
temperature is with the following equations:

Ti = PiBis + Tps

Tio = PoBog12 + Tpo, 12

M, XERXFEFM AT333) HEHE5IM ERRBENESII 5 F51 9. 12 RiRE.

These equations, however, require that the pin 5 and pins 9, 12 temperatures be measured with a thermal couple on the

pin at the AT333J package edge.

MRE 41 PRERPITEESEST 1255 , WEASETFERRETNESIE 9 1 12 K95 MIBE (FEHELE), LIEEBHRG
TR,

If the calculated junction temperatures for the thermal model in Figure 41 is higher than 125, C, the pin temperature for
pins 9 and 12 should be measured (at the package edge) under worst case operating environment for a more accurate

estimate of the junction temperatures.
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By = 60°CW Bjg, 12=30°CW

w12

T
HuﬂW'II“SIL\ f\{ﬂa,mﬁﬂ"w'
Ty

Figure. 41 AT333Jthermal model

AT333)

T =H#Nif IC K458

T =junction temperature of input side IC

To =Hittis IC A945R

Tjo =junction temperature of output side IC

Tes =305 | 5 A9RRE

Tes = pin 5 temperature at package edge

Teo, 2 =31%00455 |11 9 71 12 RUIRREE

Tw,2 = pin 9 and 12 temperature at package edge

B1s =HINIf IC 5 (B 5 SRR

O1s = input side IC to pin 5 thermal resistance

609,12 =itk IC 5 [EE 9 #01 12 AOAEH

6,2 = output side IC to pin 9 and 12 thermal resistance

B:a =5 5 FMEHARE

Bsa = pin 5 to ambient thermal resistance

69,122 =3 |} 9 70 12 TRIEHYE

69,12 = pin 9 and 12 to ambient thermal resistance
*HAMETRAYO:A 0 , 12 BEIEBF SRS PCB /3. 1RIE PCB 1
B/SRER , ZETRENERED 2 &,
*The Bsaand Bs, 1values shown here are for PCB layouts with

reasonable air flow. This value may increase or decrease by a
factor of 2 depending on PCB layout or airflow.
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AMEZR~F packageDimensions

SOP16

75403

E—_$ { I S ‘ll %

L ImIEE] | L i
:: s [ é‘ 0.440.1 &
g. 7 1274012 E:ﬁ

EFEINVIEEEFS Land pattern Dimensions
2

EHFJ@

HENRHRUEHS

il

1.27
1

e

Lsiasian
bbb

iE . EEIFRIERE.,
Note: The picture above is the front view of the product.

AT333)

8.7631.0.3

10.363+0.3

BA{ST unit: mm

BA{T unit; mm
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[EFE R EZRE solderReflowprofile

Tp5o € =mmogmemmi— T

TL i

Tsmax———"— — &
Tsmin -

Package surlacetemperature Te (T )
Ff

Do
(S5

Time (s)

me 7S B/ME By

Unit

3

TRRGRE
preheat Temperature Ts 150 200 5
FrgAaE)
preheat Time ts 60 120 s
FriEss
Ramp-Up Rate (T.to Ty) R _ 3 =/s
RIBEERE
Liquidus Temperature T 217 5
MEET T
Time Above T, t 60 150 s
IHERE
peak Temperature To i 260 =
T 7E(To -5)F0 Tp ZIEHIATE) ”
Time During which T, Is Between (T,-5) and T, t - 3
N=lEd
PR ] o
Ramp-down Rate(T,to T,) - -

BT RERIR A T ERE | BSTEBISR,

Note: Reflow soldering is recommended at the temperatures and times shown, no more than three times.
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RIS B E HRZEwavesoldering profile
i

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

250 First wave Second wave

200—

150

Temperature Tc (°C)

100

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

F TIREKIEEE solderingwith handsolderingiron

A FTREIRNBF - miRIEsSHmU ;

Hand soldering iron is only used for product rework or sample testing;
B. FIISEIRESK « IRE 3605 55 , AiE<3s,

Manual soldering method Temperature: 3605, =+ 55, within 3s.
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SEMICONDUCTOR

JA\)

AT333)

B% packing

JC S 2R summarytable

& BEER BEHE BR¥E @ BRUE BhEREE B AIAE =
SOP16 Reel(@330mmiE#) | 8504 25/58 108/48 450%390%0.1mm Bﬁggm \
packageType ackingFom Quanttyper QuantityperBO Quanttyper ntistaticBagspecifcation| Mote
Reel X arton
Guard band
SOP16 Reel(@330mm Blue) | 850pcs/reel 2Reel/box 10box/ctn 450*390*0.1mm .
200mm min.
. W% Tape&Reel
1) §68&: 850K,
Qty/reel : 850pcs.
2) BfEE: 17000 R,
Qty/ctn: 17000pcs.
3) RB% : B8R 24#&,
Inner packing: 2 reels/box.
4) ~REE Schematic :
3
= P1)16k0. 1 (Po) 410, 1 ®) 240, 1 (Do) 1. 554-0. 05 N
B ]'“‘ - (Tm.glig.oz &
- R RN T NN =
| & . . . . =
5| = ! ! ! ! |
|t R
“ =, =, -4 1

(D) ®1.5540. 1{/’

i

(ko) 440 1

1 I

—"

—

(AD5.9

) 10.5540.] 1

BA{T unit. mm

www.aotesemi.com
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AT333)

JEE Attention

- BRSFEAMSHRE. RS, hegERt | RELXHERRNFRARBITER.

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

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

X THRESTEMHLTEMNREZ/ZETK | BERERINVEEAR.

For equipment/devices where high reliability or safety is required, please contact our sales representatives.
. BRERTEE "FE" AR  FEERNNEEAR.

when requiring a device for any " specific’ application, please contact our sales in advice.

XM hRANABTELREE | WIBEKERKA.

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