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LTV-155E

Plasma Display Panel (PDP)
Industrial Inverter
MOS FET/ IGBT Gate Driver

Description

The LTV-155E optocoupler is ideally
suited for driving power IGBTs and MOSFETs
used in plasma display panel. It contains an
AlGaAs

integrated circuit with a power output stage.

LED optically coupled to an

The Optocoupler operational parameters are

guaranteed over the temperature range from
-40°C ~ +100°C.

Functional Diagram

1. Anode

3. Cathode

4. GND

5. Vo (Output)
6. Vcc

‘ “ ,/ Lead Free
\VﬁoHS
COMPLIANT

Features

0.6A maximum peak output current

2.5mA maximum supply current (lcc)

Wide operating range: 10 to 30 Volts (Vcc)
Rail to rail output voltage

Guaranteed performance over temperature
-40°C ~ +100°C.

Threshold input current: IFLH = 7.5mA (max)
Common mode transient immunity: +20kV/us
(min)

Isolation voltage: 3750 Vs (Min)

Fast switching speed, 200ns max propagation
delay

MSL 1 Level

Safety approval
UL/ cUL 1577, Cert. No.E113898.

3750 Vrms/1 min
VDE DIN EN60747-5-5, Cert. No. 40015248
Viorm = 560 Vpeak

Application

Plasma Display Panel .
IGBT/MOSFET gate drive
Industrial Inverter

Induction heating

Uninterruptible power supply (UPS)
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Package Dimensions

SOP-5 Package (LTV-155E)
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Notes :
1. All Dimensions in Millimeters
2. Mold flash per side is 0.15mm
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Taping Dimensions

LTV-155E-TP1
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Tape wide w 1210.3 (0.47)

Pitch of sprocket holes PO 4+0.1 (0.19)
F 5.5%£0.1 (0.217)

Distance of compartment P2 2+0.1 (0.079)

Distance of compartment to P1 8+0.1 (0.315)

compartment

Quantity Per Reel
Quantities(pcs) 3000
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Storage Temperature Tst -55 125 °C
Operating Temperature Ta -40 100 °C
Isolation Voltage Viso 3750 VRaus
Supply Voltage Vee 0 35 v
Lead Solder Temperature 260 °C
Input

Average Forward Input Current IFave) 25 mA
Reverse Input Voltage Vg 5 \Y%
Peak Transien'g Input Current Iecrans) 1 A
(<1 us pulse width, 300 pps)

Input Current (Rise/Fall ime) trany /iy 500 ns
Input Power Dissipation @ P, 45 mwW
Output

“High” Peak Output Current loHPEAK) 0.6 A
“Low” Peak Output Current " loL(PEAK) 0.6 A
Output oltage Vo 35 v
Output Power Dissipation © Po 250 mw
Total Power Dissipation Pr 295 mw

1. Atleasta 0.1uF or bigger bypass capacitor must be connected across pin 4 and pin 6.
Failure to provide the bypass may impair the switching property.

2. Derating Linearly above 70°C free-air temperature at a rate of 0.47 mW/°C
Derating Linearly above 70°C free-air temperature at a rate of 4.8mW/°C

Part No. : LTV-155E (TP/TP1)(Rev.-D, Jan 24, 2013) Page: 4 of 19
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Recommended Operating Conditions

Operating Temperature Ta -40 100 °C
Supply Voltage Vee 10 30 \Y
Input Current (ON) lFLon) 10 15 mA
Input Voltage (OFF) VEoFR) -3.0 0.8 \Y

Part No. : LTV-155E (TP/TP1)(Rev.-D, Jan 24, 2013)
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Electrical Specifications

Input
Input Forward Voltage [.=10mA Ve 1.2 1.37 1.8 \"
ngvpaerga{f;ﬁa%‘éeﬁ'c'em I = 10mA AVIAT, | — | 1237 | — | mwic
I\;]g;J;gF;everse Breakdown I = 10uA BVy 5 B B Vv
Input Capacitance f=1MHz, V=0V Ci - 33 - pF
Ig\r,\??m?ganUt Current 1y =15V, Vo > 5V lew — | 26 | 75 | mA | o
Threshold Input Voltage
ngh to Low pu 9 Vcc=15V, Vo <5V VFHL 0.8 - - V
Output
Vgs=2V lopH1 - -0.5 -0.2
. (1) VCC=1 5V, 3,5,
High level output current l-=10mA. 15
Vg5=10V lopHz - - -0.4
A
Vs5.4=2V lopL 1 0.2 0.5 —
M | Veo 15V, 4,6,
Low level output current l-=0mA, 16
V5,4=1 ov |op|_2 0.4 - -

Vee=10V. Ir = 10mA,

High level output voltage lo = -100mA Vor 9 9.55 - 1,17
\
Vee=10V, I = OmA, o
Low level output voltage lo = 100mA VoL 0.3 1 2,18
. Vcc=10 to 20V o 7,8,
High Level Supply Current I = 10mA, Vo=Open lccH 1.5 3.0 19
mA
Vce=10to 20V B 7,8,
Low Level Supply Current I = OMA, Vo=Open lccL 1.5 3.0 20

All Typical values at TA = 25°C, unless otherwise specified.

Part No. : LTV-155E (TP/TP1)(Rev.-D, Jan 24, 2013) Page: 6 of 19
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Switching Specifications
Ta=25°C B
L—H IF=0—10mA ThLH 115 170
_o5 0 10,
HoL Ta=257C Tew | — | 110 | 170 1,
. IF=10—0mA
Propagation 12,
Delay Time V=20V 13,
L—»H | l;=10mA IF=0—10mA ThLH 50 115 200 14,
Rg=30 Q, 21
Cg=1nF, ns
H—L | f=250 kHz, | IF=10—-0mA TehL 50 110 200
Duty= 50%
Switching Time 5 .
Dispersion IF=0—10mA | [teri- teunl 5 50
%Jot/p)ut Rise Time (90 to IF=0—10mA Tr B 30 B
o . 21
Output Fall Time (90 to IF=10—-0mA Tf - 15 N
10%)
Common Mode Transient
Immunity at HIGH Level | F=10mAVou=1000V, cMy | 20| — | -
Ta=25"C, Vgc=20V
Output
c IE—— kV/us | 22
ommon Mode Transien
Immunity at LOW Level _\|{F=2V6\écmv=10%0\\//, |CM,| 20 - -
Output #=25"C, Veo=20

Specified over recommended operating conditions (T = -40 to 100°C, I= 10 to 15mA, V(OFF)

Vce = 10 to 30 V) unless otherwise specified.

=-3.0t10 0.8V,

Part No. : LTV-155E (TP/TP1)(Rev.-D, Jan 24, 2013)
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Isolation Characteristics

Withstand Insulation Test | RH < 40-60%,

Voltage t= 1min, Tp = 25°C Viso | 3750 - A R
Input-Output Resistance | V.o = 500V DC R.o - 10" - o) 2
Input-Output Capacitance | f = 1MHz, T = 25°C Cio — 0.92 — pF

Specified over recommended operating conditions (Ta = -40 to 100°C, Ie= 10 to 15mA, Vg(OFF) =-3.0t0 0.8 V,
Vce = 10 to 30 V) unless otherwise specified.
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Typical Performance Curves

Ta- TEMPERATURE-TC

Figure 3: Output High Current vs. Temperature
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lon - Output High Current-A

Figure 5 : Output High Voltage drop vs. High Current
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Figure 1: Output High Voltage drop vs. Temperature Figure 2: Output Low Voltage vs. Temperature
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Figure 4: Output Low Current vs. Temperature
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Figure 6 : Output High Voltage drop vs. Low Current
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Typical Performance Curves

2 1.7
< 18 < lr=10mA for Iccy
E 46 T £ V=0V for lee,
A | L -
E al R — E1.65 Vee=0V
42 E
3 1 3 16
> L >
2 98 | _10mA for Iccy T
o 06 - o
a VF=0V for |cc|_ 81.55 r
'80'4 " Vee=20V —ICCH™ % —ICCH
= 0.2 Vg=0V —lccL-| -~ —IccL
0 ‘ ‘ 1.5
-40 -20 0 20 40 60 80 100 15 20 25 30
TA-TEMPERATURE-C VeV
Figure 7 : Supply Current vs. Temperature Figure 8 : Supply Current vs. Supply Voltage
4
|—
= 3.5
w
E E 3 —— //
—
Ba25 —
3
Sx 2
85
SE
JF 1¢
I Vee=15V
< 05 vg=ov
0 |
40 20 0 20 40 60 80 100
To-TEMPERATURE-C
Figure 9 : Low to High Threshold Current vs. Temperature
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Typical Performance Curves
160 160
@ lr=10mA @ l;=10mA
< 150 IT,=05C +£ 150 Fvee=20v
<140 |1=250kHz <140 | Rg=30Q, Ci=1nF
@™ |R=300, C,=1nF i DUTY CYCLE=50% 7
z 130 | pUTY CYCLE=50% z 130 | {=250kHz //
o
E 120 F120
1T} —
gﬂo Q1o ———
o100 ©100
o —TPLH| & | —TPLH
v 90 v 90
—TPHL (= —TPHL
80 80 ‘
15 20 25 30 -40 20 0 20 40 60 80 100
VooV TA-TEMPERATURE-C
Figure 10 : Propagation vs. Supply Voltage Figure 11 : Propagation vs. Temperature
160 160
) Ve=20V @ lr=10mA
o 150 TA=25°C o 150 v, .=20V
S140 | 1=250kHz S 140 |Ry=30Q
w R4=300Q, C,=1nF u DUTY CYCLE=50%
=z 130 FpuTY CYCLE=50% z 130 |{-250kHz
=120 E 120
3
Z110 g 110 —
o100 S 100
o —TPLH| o —TPLH
% 90 , 90
= —TPHL| b —TPHL
80 80
6 8 10 12 14 16 0 10 20 30 40 50
I--FORWARD CURRENT-mA C,- SERIES CAPACITANCE- nF
Figure 12 : Propagation vs. Forward Current Figure 13 : Propagation vs. Load Capacitance
» 160
2 Ir=10mA
5 150 Vee=20V .
S1a0 - C,=1nF
g DUTY CYCLE=50%
z 130 | 1=250kHz
i 120
3
2110
o
S 100 -
S g0 —TPLH
W —TPHL
80
10 20 30 40 50
R, - SERIES LOAD RESISTANCE- Q
Figure 14 : Propagation vs. Load Resistance
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Test Circuit

Figure 15 : IOPH test circuit Fiaure 16 : IOPL test circuit

C) ’ VF

Figure 17 : VOH test circuit Figure 18 : VOL test circuit

1
I
ﬂ
1
| {
3
1
| {
3

Figure 19 : ICCH test circuit Figure 20 : ICCL test circuit
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Test Circuit
1 6
Vo
T Rg = 30€[
Cg =1nF|
Vce

Figure 21 : tpLH, tpHL, tr, tf, |tpHL-tpLH| test circuit

1000V
90% T
Vi | I
o 10% R
T Vee |l I
L LI
SW A: |r=10mA 800V
CMu=—t0s)
Vi 1V 16V
Vem . o /\ —_ 800V
SW B: lr=0mA T tr(us)

Figure 22 : CMR test circuit with split resistors network and waveforms

Part No. : LTV-155E (TP/TP1)(Rev.-D, Jan 24, 2013)
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Temperature Profile of Soldering Reflow

(1) IR Reflow soldering (JEDEC-STD-020C compliant)
One time soldering reflow is recommended within the condition of temperature and time
profile shown below.

Preheat
- Temperature Min (Tsmin) 150°C
- Temperature Max (Tsmax) 200°C
- Time (min to max) (ts) 90+30 sec

Soldering zone

- Temperature (T,) 217°C

- Time (1) 60 sec
Peak Temperature (Tp) 260°C
Ramp-up rate 3°C / sec max.
Ramp-down rate 3~6°C/ sec

g Tsmax 200°C

o

=2

S | — T 7"

ot tL (Soldering)

5

'_

25°C ——
60 ~ 120 sec 35~70 sec Time (sec)
ts (Preheat) ‘
Part No. : LTV-155E (TP/TP1)(Rev.-D, Jan 24, 2013) Page : 14 of 19
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Temperature Profile of Soldering Reflow

(2) Wave soldering (JEDEC22A111 compliant)
One time soldering is recommended within the condition of temperature.
Temperature: 260+0/-5°C
Time: 10 sec.
Preheat temperature:25 to 140°C
Preheat time: 30 to 80 sec.

i
300
2604+0/-5C Wave temperature
O 2507
CD .
5 First wave Second wave
2 200
o 1200°C /sec
a
% 150 —5°C/sec
2
+2°C/sec
100—
<— Preheat zone
50 —

(3) Hand soldering by soldering iron
Allow single lead soldering in every single process. One time soldering is recommended.
Temperature: 380+0/-5°C
Time: 3 sec max.

Part No. :LTV-155E (TP/TP1)(Rev.-D, Jan 24, 2013) Page : 15 of 19
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Application Information

Recommended Application Circuit

The recommended application circuit shown in Figure 23 which is a typical gate drive application is using
the LTV-155E. The following describes about driving IGBT. However, it is also suitable to MOSFET.
Designer will need to tune the V¢ supply voltage, depend on the IGBT or MOSFET gate threshold
requirements (Recommended V¢ = 15V for IGBT and 12V for MOSFET).

The supply bypass capacitors (0.1 yF) provide the large transient current necessary during a switching
transition. Since the transient nature of the charging currents, a low current power supply (3.0mA) power
supply will be enough to power the device. The split resistors (in the ratio of 1.5:1) across the LED will
provide a high CMR response by providing a balanced resistance network across the LED.

The gate resistor Ry serves to limit gate charge current and controls the IGBT collector voltage rise and
fall times.

In PC board design, care should be taken to avoid routing the IGBT collector or emitter traces close to
the LTV-155E input as this can result in unwanted coupling of transient signals into LTV-155E and
degrade performance.

R 1 Vee 6
ANODE
+HVDC
N+
7|
% 3-HVDC
R CATHODE i AC
— AL
3
-HVDC

Figure 23 : Recommended application circuit with split LED drive
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Application Information

Rail-to-Rail Output

LTV-155E uses a power PMOS to deliver the large current and pull it to Vg to achieve rail-to-rail output
voltage as shown in Figure 24. This ensures that the IGBT’s gate voltage is driven to the optimum
intended level with no power loss across IGBT even when an unstable power supply is used.

6 5 4
T 1. Anode
3. Cathode
4. GND
5. Vo (Output)
St Sy 6. Vcc
ﬁ
1 3

Figure 24 : LTV-155E with PMOS and NMOS output stage for rail-to-rail output voltage
LED Drive Considerations for High CMR Performance

CMR with the LED On (CMRy)

A high CMR LED drive circuit must keep the LED on (short A) during common mod transients. This is
achieved by overdriving the LED current beyond the input threshold so that it is not pulled below the
threshold during a transient. A minimum LED current of 10mA provides adequate margin over the
maximum Ig 4 of 7.5mA to achieve 20 kV/us CMR

CMR with the LED off (CMR,)
A high CMR LED drive circuit must keep the LED off (short B, VS Vg orr) during common mode

transients. For example during a —dVcem/dt transient in Figure 25, the current flowing through CLEDP,
the LED will remain off and no common mode failure will occur. Figure 25 is like the recommended
application circuit (Figure 23), dose achieve ultra high CMR performance by shunting the LED in the off

state.
IF 1 In—=> 6
—— = ]
CLA‘
} 0.1uF]| V
| T Vo
N ‘ .
| } T Vee
= —
pra i -0
Cic
] Vom

. Q- 71”

Figure 25 : Recommended high-CMR drive circuit for the LTV-155E
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Application Information

Dead time and Propagation Delay Specification

The LTV-155E includes a Propagation Delay Difference (PDD) specification intended to help designers
minimize “dead time” in their power inverter designs. Dead time is the time period during which both the
high and low side power transistors (Q1 and Q2 in Figure 23) are off. Any overlap in Q1 and Q2
conduction will result in large currents fl owing through the power devices between the high and low
voltage motor rails.

To minimize dead time in a given design, the turn on of LED2 should be delayed (relative to the turn off
of LED1) so that under worst-case conditions, transistor Q1 has just turned off when transistor Q2 turns
on, as shown in Figure 26. The amount of delay necessary to achieve this condition is equal to the
maximum value of the propagation delay difference specification, PDDyax, which is specified to be 100
ns over the operating temperature range of 40°C to 100° C.

Delaying the LED signal by the maximum propagation delay difference ensures that the minimum dead
time is zero, but it does not tell a designer what the maximum dead time will be. The maximum dead time
is equivalent to the difference between the maximum and minimum propagation delay difference
specifications as shown in Figure 27. The maximum dead time for the LTV-155E is 200 ns (= 100 ns -
(-100 ns)) over an operating temperature range of -40°C to 100C.

Note that the propagation delays used to calculate PDD and dead time are taken at equal temperatures

and test conditions since the Photocouplers under consideration are typically mounted in close proximity
to each other and are switching identical IGBTSs.

|LED|—\ = |
R \ N ,7# ——
|

1

! Q10N N

| \\Q1 OFF

1 1

I I~ Q20N

| e Vour.
Vour. ‘ Q2 OFF }

| |

| |

} % } ILeo2

| - - |

| ! |
ILep2 : ! |

*PDD MAX ‘ tous MIN |
|

Vouri

tput MAX

tpr. MAX | MAXIMUM DEAD TIME |

=PDD MAX - PDD MIN
*MAXIMUM DEAD TIME
= (tpu MAX - tey) + (tp MAX - tppy MIN)
= (tpa MAX - tp) - (tpu MIN - tery. MAX)

Figure 26 : Minimum LED skew for zero dead time Figure 27 : Waveforms for dead time

*PDD = PROPAGATION DELAY DIFFERENCE
NOTE : FOR PDD CALCULATIONS THE PROPAGATION DELAYS ARE TAKEN AT THE SAME
TEMPERATURE AND TEST CONDITION.
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Notice

1)  Maximum pulse width = 10us, maximum duty cycle = 0.2%.

2) Device is considered a two terminal device: pins 1, 3 are shorted together and pins 4, 5, 6 are
shorted together.

3) According to UL1577, each optocoupler is tested by applying an insulation test voltage = 3750
Vrms for 1 second (leakage detection current limit, I.o< 10 uA).

4)  Common mode transient immunity in high stage is the maximum tolerable negative dVcm/dt on
the trailing edge of the common mode impulse signal, Vcm, to assure that the output will remain
high.

5)  Common mode transient immunity in low stage is the maximum tolerable positive dVcm/dt on the
leading edge of the common mode impulse signal, Vcm, to assure that the output will remain low.

Part No. : LTV-155E (TP/TP1)(Rev.-D, Jan 24, 2013) Page: 19 of 19
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5.0 Package Assembly Specifications

NN A L=

Black epoxy resin
Semitransparent epoxy resin
Transparent silicone resin
Gold wire

Emitter

Detector

Lead frame
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6.0 Package inspection
6.1 X-ray
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6.2 Top view & Bottom view & Side view

Top view

Side view

Bottom view

* Lead Co-planarity: 0.10 mm Max. (Reference JEDEC-MO-155)
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6.3 Chip dimensions (Top view by real measured)

Emitter

Parallel 220.84 um

- | Measure | Result !
Parallel 220.31 um

Detector

1 Parallel 1472.23 um
2 Parallel 859.68 um

No. | Measure | Result | ‘I
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7.0 Product Qualification Report
(Reliability Report, ESD)
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Reliability Test Report

Lite-on electronics (Thailand) Co., Ltd Qualification

Package: MFP / Potocouplers

Part Number: LTV-155E

Products Type: High Speed IGBT/MOSFET Gate Driver.
Test Purpose: New design IGBT of MFP qualification.
Test Period: 23-April ~ 25-June-2012

Page: 1/3
Test Item as require:
; Sample -
Test title sizg Test Condition Result Remark
Vet 125°C=24Hrs, 85°C 85%RH=168Hrs
Pre-conditioning test 315 and IR Reflow 260°C Peak=3Cycles 315
Temp Cycling Test 45 Ta= -40~125°C, Dwell time = 15 min per Zone, 1000Cycles 45
. . Lo Ta=85°C, 85%RH, IF=16mA, Vin= 5V, I0=20mA, Vcc=
High temp High Humidity Bias test 45 30V, 1000Hrs. 45
. . . Ta=110°C, If=16mA, Vin= 5V, I0=20mA, Vcc= 30V,

High Temp Operation Life 45 1000Hs. 45
High Temp Reverse Bias Test 45 Ta=110°C, VCE = 30V, 1000Hrs. 45
Autoclave 45 Temp=121°C, 100%RH and 15Psi, 96Hrs. 45
High temp storage 45 Temp= 150°C, 1000Hrs. 45
Low temp storage 45 Temp=-55°C, 1000Hrs. 45
Non-Preconditioning test
Autoclave 20 Temp=121°C, 100%RH and 15Psi, 96Hrs. 20

Spec limit of product.
Parameter Measurement condition Symbol Min Max Unit
Input Forward Voltage IF=10 mA VF - 1.8 v
Reverse Leakage Current VR= 5V IR - 10 uA
High Level Output Current Vo=(VCC-4V) IOH 0.2 - A
Low Level Output Current Vo=(VEE+2V) IOL 0.2 - A
High Level Output Voltage Io= -100mA, IF= 10mA VOH VCC-1 - v
Low Level Output Voltage lo=100mA VOL VEE+1 v
High Level Supply Current IF=10 to 16 mA ICCH - 3.5 mA
Low Level Supply Current IF=-3t0 0.8V ICCL - 3.5 mA
Threshold Input Current Low to High 10=0mA, Vo>5V IFLH - 7.5 mA
Threshold Input Voltage High to Low I0=0mA, Vo<5V VFHL 0.8 - v

Reliability criteria:
1. Reading value for each step test not over 50% Delta for VF, VOH, VOL, ICCH, ICCL parameter.
2. Reading value for each step test go/no go for IOH, IOL, VFHL and IFLH parameter.
3. Short and open is criteria of Temp cycling and Autoclave test item.
Final Conclusion of reliability test:
All samples unit under test are conforming to reliability criteria.
Lab’s comment:
- The value on each test item (next page) is average value from all units under test except defect sample.
- Effect this the results relate only to the items tested
- The report shall not be reproduced except in full, without the written approval of the laboratory.

Test Operator {wmpley
T
Report Checker ﬂw

Approve w
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Test summary table. (Average value for all units under test)

Temperature Cycling (TCML) (Pre-Conditioning)
Paramete | Unit 0 Cyc 100 Cyc *Decay 200 Cyc *Decay 500 Cyc *Decay 1000 Cyc *Decay | Remark
VF \ 1.389 1.388 -0.055 1.393 0.280 1.388 -0.100 1.390 0.229
IR HA 0.079 0.083 0.004 0.084 0.005 0.050 -0.029 0.056 -0.023
IOH1 A -1.147 -1.146 0.001 -1.156 -0.009 -1.129 0.018 -1.097 0.050
IOH2 A -1.899 -1.900 -0.001 -1.912 -0.013 -1.887 0.013 -1.874 0.021
IOL1 A 0.694 0.688 -0.006 0.710 0.016 0.695 0.001 0.664 -0.030
IOL2 A 1.360 1.354 -0.005 1.380 0.020 1372 0.013 1373 0.013
VOH v 9.683 9.723 0.415 9.730 0.482 9.718 0.358 9.717 0.347
VOL \ 0.258 0.266 3.242 0.263 2.016 0.271 4.920 0.280 8.654
ICCH mA 1731 1.734 0.205 1.733 0.129 1.734 0.218 1.734 0.107
ICCL mA 1.712 1.716 0.269 1.708 -0.222 1.717 0.296 1.716 0.054
IFLH mA 2.536 2.554 0.018 2.539 0.003 2.209 -0.326 2.094 -0.494
VFHL mA 1.055 1.155 0.100 1.171 0.116 1.176 0.121 1.160 0.108

*Decay of VF, VOH, VOL, ICCH and ICCL are ‘%Delta” / *Decay of IR, IOH, IOL, VFLH and IFLH are “Delta”

High Temp High Humidity Bias (THBT) (Pre-Conditioning)
Parameter Utn 1 0 Hr 168 Hrs *Decay 500 Hrs *Decay 1000 Hrs *Decay Remark
VF \ 1.387 1.391 0.293 1.384 -0.193 1.386 -0.051
IR A | 0.089 0.083 -0.006 0.050 -0.039 0.056 -0.033
IOH1 A -1.150 -1.142 0.009 -1.107 0.043 -1.096 0.052
IOH2 A -1.899 -1.895 0.004 -1.860 0.039 -1.857 0.040
IOL1 A 0.694 0.708 0.014 0.694 0.000 0.676 -0.019
I0L2 A 1.357 1.382 0.025 1.371 0.013 1.371 0.014
VOH \ 9.685 9.725 0.418 9.714 0.304 9.715 0.314
VOL Vv 0.257 0.265 2.786 0.272 5.544 0.277 7.479
ICCH mA 1.723 1718 -0.226 1.717 -0.294 1718 -0.382
ICCL mA 1.704 1.696 -0.447 1.709 0.303 1.709 0.226
IFLH mA 2611 2.640 0.029 2.586 -0.025 1.783 -0.787
VFHL mA 1.044 1.167 0.123 1.173 0.129 1.112 0.071

*Decay of VF, VOH, VOL, ICCH and ICCL are ‘%Delta” / *Decay of IR, IOH, IOL, VFLH and IFLH are “Delta”

High Temp Operation Life (HTOL) (Pre-Conditioning)
Parameter Utn ' 0 Hr 168 Hrs *Decay 500 Hrs *Decay 1000 Hrs *Decay Remark
VF \ 1.391 1.392 0.082 1.386 -0.408 1.387 -0.223
IR MA 0.088 0.083 -0.005 0.049 -0.040 0.056 -0.033
IOH1 A -1.159 -1.149 0.010 -1.109 0.050 -1.105 0.054
IOH2 A -1.912 -1.901 0.011 -1.861 0.051 -1.864 0.047
IOL1 A 0.700 0.712 0.013 0.687 -0.013 0.681 -0.019
I0L2 A 1.364 1.383 0.019 1.369 0.005 1.371 0.008
VOH Vv 9.687 9.728 0.416 9.714 0.279 9.717 0.302
VOL \ 0.255 0.262 2.679 0.274 7.227 0.275 7.905
ICCH mA 1.732 1.732 -0.046 1.731 -0.075 1.724 -0.137
ICCL mA 1.709 1.707 -0.066 1719 0.639 1712 0.415
IFLH mA | 2495 2.516 0.021 2.020 -0.475 1.647 -0.871
VFHL mA 1.047 1171 0.124 1.176 0.129 1.123 0.075

*Decay of VF, VOH, VOL, ICCH and ICCL are ‘%Delta” / *Decay of IR, IOH, IOL, VFLH and IFLH are “Delta”
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High Temp Reverse Bias (HTRB) (Pre-Conditioning)
Parameter Utn ' 0 Hr 168 Hrs *Decay 500 Hrs *Decay 1000 Hrs *Decay Remark
VF v 1.390 1.391 0.091 1.384 -0.438 1.386 -0.308
IR HA 0.087 0.083 -0.004 0.050 -0.037 0.055 -0.032
IOH1 A -1.158 -1.152 0.006 -1.120 0.038 -1.123 0.034
IOH2 A -1.909 -1.903 0.006 -1.870 0.040 -1.873 0.033
IOL1 A 0.700 0.714 0.014 0.693 -0.006 0.695 -0.005
I0L2 A 1.365 1.383 0.018 1.369 0.004 1373 0.008
VOH \ 9.687 9.729 0.432 9.718 0314 9.720 0.346
VOL v 0.255 0.261 2.428 0.272 6.420 0.271 6.269
ICCH mA 1.740 1.740 -0.027 1.742 0.096 1.740 0.065
ICCL mA 1717 1714 -0.224 1.726 0.481 1.724 0.284
IFLH mA 2.501 2.503 0.001 2.109 -0.392 1.597 -0.883
VFHL mA 1.050 1.167 0.117 1171 0.121 1.111 0.062

*Decay of VF, VOH, VOL, ICCH and ICCL are ‘%Delta” / *Decay of IR, IOH, IOL, VFLH and IFLH are “Delta”

Autoclave (AC) (Pre-Conditioning)
Uni
Parameter t 0 Hr 96 Hrs *Decay Remark
VF \ 1.391 1.392 0.075
IR HA 0.088 0.084 -0.004
IOH1 A -1.158 -1.124 0.035
I0H2 A -1.913 -1.876 0.037
IOL1 A 0.701 0.707 0.006
10L2 A 1.367 1.383 0.016
VOH \ 9.687 9.720 0.342
VOL v 0.255 0.265 3.821
ICCH mA 1735 1.746 0.630
ICCL mA 1.713 1.714 0.022
IFLH mA 2.582 2.424 -0.158
VFHL mA 1.043 1.170 0.127

*Decay of VF, VOH, VOL, ICCH and ICCL are ‘%Delta” / *Decay of IR, IOH, IOL, VFLH and IFLH are “Delta”

High Temp Storage Life (HTSL) (Pre-Conditioning)
Parameter Utn ' 0 Hr 168 Hrs *Decay 500 Hrs *Decay 1000 Hrs *Decay Remark
VF v 1.389 1.392 0.263 1.385 -0.240 1.387 -0.142
IR HA 0.087 0.084 -0.003 0.052 -0.036 0.054 -0.033
IOH1 A -1.152 -1.135 0.017 -1.097 0.055 -1.081 0.071
IOH2 A -1.900 -1.884 0.016 -1.831 0.069 -1.814 0.087
IOL1 A 0.699 0.712 0.013 0.689 -0.010 0.680 -0.018
I0L2 A 1.363 1.384 0.021 1370 0.007 1.369 0.007
VOH \ 9.686 9.724 0.399 9.712 0.278 9.701 0.159
VOL \ 0.256 0.262 2.616 0.274 6.925 0.282 10.275
ICCH mA 1.735 1.728 -0.396 1.670 -3.774 1.623 -6.306
ICCL mA 1717 1717 0.006 1.722 0.278 1714 0.027
IFLH mA 2.485 2.546 0.061 2.828 0.343 3.695 1.161
VFHL mA | 1.045 1.171 0.126 1.177 0.132 1.186 0.139

*Decay of VF, VOH, VOL, ICCH and ICCL are ‘%Delta” / *Decay of IR, IOH, IOL, VFLH and IFLH are “Delta”
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Low Temp Storage Life (LTSL) (Pre-Conditioning)
Parameter Utn : 0 Hr 168 Hrs *Decay 500 Hrs *Decay 1000 Hrs *Decay Remark
VF \ 1.389 1.393 0.253 1.387 -0.187 1.389 -0.133
IR A | 0.086 0.083 -0.004 0.050 -0.036 0.055 -0.031
IOH1 A -1.148 -1.133 0.015 -1.103 0.045 -1.115 0.036
IOH2 A -1.896 -1.885 0.012 -1.856 0.041 -1.865 0.036
IOL1 A 0.696 0.708 0.012 0.690 -0.006 0.687 -0.009
I0L2 A 1.361 1.382 0.020 1.370 0.009 1.372 0.012
VOH \ 9.684 9.723 0.401 9.713 0.303 9.718 0.340
VOL \ 0.257 0.265 2911 0.275 6.773 0.273 6.185
ICCH mA 1.733 1.730 -0.158 1.731 -0.104 1.726 -0.132
ICCL mA 1.715 1.709 -0.245 1.719 0.333 1.713 0.251
IFLH mA 2.527 2.566 0.039 2.128 -0.399 1.723 -0.794
VFHL mA 1.051 1.173 0.122 1.178 0.127 1.152 0.100

*Decay of VF, VOH, VOL, ICCH and ICCL are ‘%Delta” / *Decay of IR, IOH, IOL, VFLH and IFLH are “Delta”

Autoclave (AC) (Non-Preconditioning)
Parameter Utn 1 0 Hr 96 Hrs *Decay Remark
VF \ 1.382 1.392 0.734
IR HA 0.419 0.092 -0.326
IOH1 A -1.148 -1.127 0.022
IOH2 A -1.895 -1.900 -0.005
IOL1 A 0.697 0.662 -0.034
1012 A 1.362 1.368 0.005
VOH \ 9.660 9.683 0.246
VOL \ 0.331 0.263 -0.068
ICCH mA 1.706 1.725 1.097
ICCL mA 1.703 1.696 -0.371
IFLH mA 2.589 2.543 -0.046
VFHL mA 1.052 1.057 0.005

*Decay of VF, VOH, VOL, ICCH and ICCL are ‘%Delta” / *Decay of IR, IOH, IOL, VFLH and IFLH are “Delta”
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ESD & Latch up
Applicant brief
SRl Human Body Model (HEM)
L TV-155E ESDA/JEDEC JS-001-2010
S%;FI;?EBDB3 Equipment: Thermo KeyTek Zapmaster 7/4(G)
' Temperature: 256 C £5(C Humidity: 55% +10% REH
o Failure Criteria:
Application:2013/01/23 A-IV curve drift:
Finish:2013/01/24 voltage changes more than + 30% at + 1u& reference current.
30124A-E W+l envelope around pre-zap REFERENCE |-V curve.

(| tolerance £ 30% ; ¥V tolerance £ 30%.)
Absolute At |-V|<=6Y, || |=10uf

Test Voltage:
500V{+)~B8000V(+) Step:500V

Human Body Model (HBM) Testing Result

Sensitivity Pass: 8000V Pin Combination Sample Pass
Anode(zx)-Cathode 2000

Class: 3B Vo(£}-GND , 8000
follow standerd: Vo(£)-Vee 8000
ESDA/JEDEC JS-001-2010 Vee(2)-GND 8000

Class-0 <249V
Class-1A: 250V-<499Y
Class-1B: 500V-<999V
Class-1C: 1000V-<1999V
Class-2 : 2000V-<3999V
Class-3A: 4000V-<7999Y
Class-3B: =8000V

* Remark: *: DUT failed at first level of customer defined test condition. Note: Red color in raw data indicates failed pins, if any.
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Applicant brief

FEWRE Machine Model(MM)
LTV-155E JESD22-A115C

SOP-5

Equipment: Thermo KeyTek Zapmaster 7/4(G)

B130123003 Temperature- 25 C_+5( __ Humidity: 55% +10% RH
L Failure Criteria:
Application:2013/01/23 IV curve drift:
Finish:2013/01/24 voltage changes more than + 30% at + 1uA reference current.
30124A-E V+| envelope around pre-zap REFERENCE |-V curve.

(I tolerance £ 30% ; V tolerance £ 30%.)
Absolute At |-V]|<=6Y, |l |=10uA

Test Voltage:
100V(x)~2000V() Step: 100V

Machine Model(MM) Testing Result

Sensitivity Pass: 1000V Pin Combination Sample Pass

Anode(+)-Cathode 2000
Class: C_ Vo(2)-GND . 1000
fallow standerd Vo(x)-Vee 1100
JESD22-A115C Vee(+)-GND 1100

Class-A: <199Y
Class-B: 200%-<399Y
Class-C: =400V

* Remark: *. DUT failed at first level of customer defined test condition. Note: Red color in raw data indicates failed pins, if any.
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Applicant brief

%%ﬂﬁ Charged Device Model (Socket CDM)

LTV-155E ANSI / ESD SP5.3.2-2008

SOP-5

B130123003 Equipment: Thermo KeyTek Zapmaster 7/4( G )

L Temperature: 25°C +5°C  Humidity: 55% +10% RH
Application:2013/01/23 =t yammeas

Finish:2013/01/24 A1V curve drift:
30124A-E voltage changes more than £ 30% at + Tud reference current.

W+l envelope around pre-zap REFERENCE |-V curve.
(I tolerance £ 30% ; V tolerance £ 30%.)
Absolute At |-V|==6Y, || |=10uA
Test Voltage:
100V({x)~2000V(+) Step: 100V

Charged Device Mode (CDM) Test Report

Sensitivity Pass: 2000V Pin Combination Sample Pass
Anode(t)-Cathode 2000

Class: 5 Vo(2)-GND ; 2000

follow standerd: Vo(t)-Vec 2000

ANS|/ ESD SP5.3.2-2008 Vee(z)-GND 2000

1 260V

2 1500V

37ROV

4 1000V

511250V

* Bemark: *: DUT failed at first level of customer defined test condition. Mote: Red color in raw data indicates failed pins, if any.
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Latch Up Test (LUT)
Test Condition:
a. Trigger Current: 100mA~400mA (%), Step: SOmA (%)
b. Vsupply OVER VOLTAGE Test: 30V (+) ~ 40V (+), Step +1V (+)
Test Result:

TRIGGER TEST | SAMPLE | TRIGGER SOURCE [IT CLASS:_3
MODEL PIN SIZE | INDUCE LATCH-UP |NOTE:
CLASS 1:
T P ; PASS +IT: OmA~+39mA
O/P PASS -IT: OmA~-39mA
CLASS 2:
T vp 3 PASS +IT: 40mA~+99mA
O/P PASS -IT: -40mA~-99mA
Vsuooly OVER CLASS 3:
supply .
VCC 3 PASS +IT: >100mA
VOLTAGE TEST [T <100mA
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8.0 Packing specification
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LTV-155E PACKING DATA

LITE®)Y] LITE-ON Technology Corp.

CUSTOMER
CUS.PART.NO.

MATERIAL NO.

LOT NO.

QUANTITY

BATCH

LPN :

DATE CODE : DATE CODE2:
MACHINE :

COMMENT

Pb-Free/RoHS

OUTER CARTON

LITE@))] LITE-ON Technology Corp.

CUSTOMER
CUS.PART.NO.
MATERIAL NO.
LOT NO.
QUANTITY

LPN :

DATE CODE DATE CODE2:
Pb-Free/RoHS o,

MACHINE
COMMENT

MSL1

MSL label: This label will be attached on inner & outer cartons additionally

Part No. : PHOTO COUPLER PACKING DATA SHEET Page: 1 of 2

BNS-OD-P130/A4
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REEL PIZZA BOX LABEL :

4 UTEi]‘ILiTE ON ELECTRONICS
bMeo.m.

CUSTOMER: @ ]

CUSPARTING. [ @ ]

MATERALNO [ 1]
O R0 11 1

LOTHO: [
0 0RO O I
QCAEI_IT\' I
R
BATCH: @]
g )
PN

LPN: ]
LT e

DATE CODLC:

(RO
MATHINE
commonT [E]

| [N

¥ Po-Fresfota MADE IN GHIFlA
-+ >

Reel packing photo

Material:

1. Carrier: Conductive Polystyrene Alloy

2. Reel : Polystyrene

Part No. : PHOTO COUPLER PACKING DATA SHEET Page: 2 of 2
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9.0 QC Flow
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9.1. Assembly QC Flow

Process / Quality Control Plan

Area Number : 70
Product : Photo Coupler

Part Name / Device : LTV-155E
Key Contact / Phone : Mr.Sin
Process Process Flow Chart Process Control
Tooling
Receiving Dice Silver Egoxy L/F
‘ Sampling Inspection
: Gt Mall
1QC ‘ L/F - Dimension. -Profile Projector
- Visual
DICE - Elec trical -Curve Tracer
- Visual
Store Temp. Control 25+5 FIFO T

Dice preparation
(110)

Silver epoxy

Dice preparation

Silver Epoxy storage 3 months
Silver Epoxy storage temp.
Dice expansion temp control

Auto Mount

Silver Epoxy

L/F

A/M monitor

Check Appearance

A/B monitor

= 010-0-0{0[0- 04

Curing
Monitor Dice Shear (IR side)
Dice position .
Auto Bonding Gold Wire
DA "

Check Appearance : S times/ shift
Ball shear

Pull tension

Loop Height

Auto Coating

X-Silicone Epoxy

Y

Coating I, IT

: X-R CHART

: X-R CHART
: X-R CHART
: X-R CHART

A/C monitor Check Appearance : Every 6 Time / Shift Microscope
Dipping position : Record sheet
Curing Curing after coating Time 145 + 5 min
Temp 170£5°C
Coating insp.
<> Monitor Coating thickness : X-R CHART Microscope
Ist Molding White Compound |
Compound storage sunder 0°C -Thermometer
Die Temp :175+5°C -Thermometer
Preheat Temp. Temp73+5°C Visual check
Transfer Time As specified Stop watch
Transfer pressure 40 + 10 kg/cm.cm Display

- Refrigerator
- Refrigerator
Dice expansion M/C

Power Microscope

Bond Shear

Power Microscope

Bond Shear

Gramgauge
Measuring
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2nd D/IT

Store

Checking quantity

Solder Platingh

1.Q.C and Store

Send to Supplier

Receiving

from Supplier

Quantity Confriming
Incoming insp. Solder plating
Tin thickness

: As specific
: As specific

Out going
inspection.
Shipping

Store
QA Outgoing

Shipping

Temp control 25 +5 °c
FIFO
Sampling AQL=0.1%:(3 lot/day)

Receiving e e
Trim & From 100% Inspec.
Tube
Triming o
Lead width X-R CHART
Lead spread : X-R CHART
Inspection | T
Prod. VM L/A 100 % inspection
Test & Mark 100% HIGH voltage & EE test ¢ AS'specific T
100% Marking
Packing packing Quantity =100 % Tn‘si)- ------------------------
Marking =100% insp.
QC._ packing 100 % inspection .
Store

Reliability test

Reliability test

End

00040000100 | < foapl

1. Operation life

2. High temp % &
High Humidity
Reverse bias

3. High temp reverse bias
4. High temp storage
5. Low temp storage
6. Auto clave

7. Temp cycle

8. Thermal Shock

9. Solder Resis temp
10. Solder ability

Process Process Flow Chart Process Control .
Tooling
1 st DIT
2 nd Molding Black Compound Die Temp T Si7sEsec T “Thermometer |
N Z Preheat Temp. Temp83+5°C Visual check
Transfer Time As specified Stop watch
Transfer pressure 40 + 10 kg/em.cm Display
Molding monitor
Post curing Post curing Temp " 'i';;ﬂ]-)-]-ﬁ-ig ecTTTTTT OVEN T
Post curing Time Time 4 + 0.5 hour OVEN

-Projector

- Life Tester
-Humidity chamber

-Oven

-Oven

-Ultra freeze chamber
-Pressure Cooker
-Temp cycle
-Thermal Shock
-Wetting balance
-Wetting balance
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9.2. FAB QC Flow

N Manufacturing Characteristics Control Method
[o]
Process Product / Process Specification Method Frequency
1 Wafer launch Total Piece - Recording & Scanning Per Wafer
2 Pre Evaporation Cleaning Appearance As SOP Visual Inspection 1 Time/Batch
3 BM Metal evaporation Back Thickness As SOP o-Step 3 Point/Batch
4 BM Masking Appearance As SOP Microscope Per Wafer
5 BM Etching Appearance As SOP Microscope Per Wafer
Resistance As SOP Rs Tester 5 Point/Pcs
6 Sintering ;
Appearance As SOP Microscope Per Wafer
7 Pre Evaporation Cleaning Appearance As SOP Visual Inspection 1 Time/Batch
8 2M Metal evaporation Front Thickness As SOP o-Step 3 Point/Batch
9 2M Masking Appearance As SOP Microscope Per Wafer
10 2M Etching Appearance As SOP Microscope Per Wafer
Resistance As SOP Rs Tester 5 Point/Pcs
11 Sintering ;
Appearance As SOP Microscope Per Wafer
Shear Force Tester | 9 Point/1 Wafer/Lot
12 Peeling Test Bonding and Shear force As SOP
Tape Per Wafer
High Magnificati
Sawing Depth As SOP 'gh Magniication 1 Pcs/3Pcs
13 Half Sawing Microscope
Appearance As SOP Microscope Per Wafer
14 Cleaning Appearance As SOP Timer alarm 1 Time/Batch
Selected-P
15 100% Probing Electrical Characteristic As SOP elec e. “?gram 1 Time/Pcs
Confirmation
16 Full Sawing Appearance As SOP Microscope Per Wafer
17 Cleaning Appearance As SOP Microscope Per Wafer
18 Extension Gap AS SOP Microscope 1 Time/Batch
19 Cleaning Appearance As SOP Microscope Per Wafer
20 Sampling Test E.O Characteristic As SOP E.O. Tester Over 40 ea/Pcs
Bondi d Shear F
21 Bonding Test onding arjl'est earrorce As SOP Shear Force Tester | 9 Point/1 Wafer/Lot
ASQC Z.1.4
i i isti As SOP
22 QA Inspection Electrical Characteristic S E.O. Tester L S3 AQL 0.65
23 Visual Inspection Appearance As SOP Microscope Per Wafer
ASQC Z.1.4
. A P .
24 QA Inspection Appearance s SO Microscope LIl AQL 0.015
25 Sampling Test Thickness As SOP Thickness meter Per Wafer
26 Splitting and Packaging Package Spec As SOP Visual Inspection Per Wafer
27 Counting and Labeling Q'ty / Label Check As SOP Visual check Random
1Ti
Appearance As SOP Visual Inspection me
) /5Package
28 QA Inspection Per tape/1 Time
Data Checki As SOP Visual | ti
ata Checking s isual Inspection /5Package
29 Warehouse - - - -




LITE[]Y/LITE-ON TECHNOLOGY CORPORATION

Property of LITE-ON Only
9.3. Abnormal Lot checking flow in final test

Collect =bnormal unit

Clezn unit Utrzs lezn
Baking FC~ATORC,
Reload in Tube / Camie Sorm

lectrical 2bnommal
Collect sbnomal it
Cle=n units Utrz=onic clezn 30min
Relozad in Tube § Camis
NG
Retest in quslified tester Sorap
Back to normal production
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9.4 Testing QC flow

Testi CQperator
.'.Sll:g checkun
o card

Setup
Testersetup Clean te stlnl IPQL/PE/RM
(Swiktch device) M/C g buyoft
program

Inputto —
P Goldensample calibration
Taster
e
Tasting = UnitJam Collect
Datalog Unit drop

Binning &
consolidatiuon
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10.0 Manufacturing Control Plan

MATERIAL ~ MATERIAL PROCESS CONTROL
VA O g | g

DICE FROM STOCK ~  START
#ﬁﬁ j/ %ﬁﬁ
SILVER EPOXY (i\ DICE PREPARE
U \/ it Y=
Wia
< 4
/J'\ AUTO MOUNT
a
AUTO MOUNT
e
GULD WIRE Y SILVER CURING
&L \

1

N WIRE BONDING
N

BONDING MONITOR
Gy
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Ist SILICON EPOXY COATING (FOR IR DICED
HixTs

CURING

Znad SILICON EPOXY COATING (FOR IR DICED

HiXTE

CURING

MOLDING COMPOUND SILICON EPOXY MONITOR

DO GO0

Bt BT
V4
Ist MOLDING I
SHS B
CURING

(TEMPORARY PROCESS ONLY FOR LOCZ & LOTI)

lst D/T 1
RN

Znol MOLDING 1I
LIS B

CURING

end D/T 11
e I

SOLDER PLATING (SEND TO SUPPLIERD

B 0 SOLDER PLATING THICKNESS INSPEC)

1007 INSPEC
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F/S
Q 3 Efﬁzﬁq

F/S PROCESS AUDIT
[]me@%ﬁ

¥  VISO+EE TEST “’53*’% I‘éiﬂﬂi‘z@‘
LASER MARKING HIF
CCD INSPECTION CCD ffk&

F/T MONITOR @h ?.]LI*MNT
REEL FORCE MONITOR & fiji TUMNT.

MFG V/M INSP 1007

i EL

MFG PACKING & PACKING INSP 1007

REJ

':[J;%i: Ko ':[J/%i:}.\ %ﬁ

B QC V/M INSPECTION
PACKING INSPECTION

BT B et
D QA DOCUMENT CHECK

£l %!ﬁﬁ%?

SHIPPING
HET

RELIABILITY TEST

(R T
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11.0 Electrical Characteristics

11.1 Actual measured value of product electrical characters

VF1(V) | VBR(V) | IR1(uA) [IOPHI(A)|IOPH2(A)|IOPL1(A)|IOPL2(A)| VOH(V)

Min 1.2 5 - - - 0.2 0.4 9

Typ 1.37 - - 0.5 - 0.5 - 9.55
Max 1.8 - 10 0.2 0.4 - - -

No.1 1.38 16.40 0.08 -1.13 -1.91 0.69 1.36 9.68
No.2 1.39 11.52 0.08 -1.12 -1.90 0.68 1.35 9.68
No.3 1.39 16.66 0.08 -1.16 -1.91 0.69 1.36 9.69
No.4 1.38 14.92 0.08 -1.16 -1.91 0.70 1.36 9.69
No.5 1.39 14.92 0.07 -1.14 -1.90 0.70 1.38 9.68
No.6 1.40 16.84 0.08 1.1 -1.86 0.68 1.36 9.67
No.7 1.39 14.64 0.08 -1.17 -1.92 0.69 1.37 9.69
No.8 1.39 16.66 0.08 -1.17 -1.92 0.70 1.36 9.69
No.9 1.39 15.52 0.08 -1.17 -1.93 0.69 1.36 9.69
No.10 1.38 14.59 0.08 -1.16 -1.90 0.70 1.36 9.69
No.11 1.39 16.52 0.08 -1.14 -1.89 0.70 1.38 9.68
No.12 1.40 11.60 0.08 -1.15 -1.90 0.69 1.37 9.68
No.13 1.39 16.85 0.08 -1.14 -1.89 0.70 1.37 9.68
No.14 1.38 14.64 0.09 -1.15 -1.90 0.70 1.37 9.68
No.15 1.39 16.37 0.07 -1.16 -1.92 0.70 1.36 9.69
No.16 1.38 14.52 0.08 -1.15 -1.88 0.70 1.35 9.69
No.17 1.40 14.32 0.08 -1.12 -1.90 0.69 1.36 9.68
No.18 1.40 16.54 0.08 -1.13 -1.87 0.69 1.37 9.68
No.19 1.38 12.99 0.06 -1.15 -1.90 0.70 1.37 9.69
No.20 1.38 16.05 0.07 -1.12 -1.88 0.68 1.35 9.68
No.21 1.40 16.68 0.08 -1.15 -1.89 0.69 1.35 9.68
No.22 1.38 16.21 0.08 -1.17 -1.94 0.69 1.35 9.69
No.23 1.40 14.42 0.08 -1.17 -1.93 0.69 1.36 9.69
No.24 1.38 16.43 0.08 -1.16 -1.91 0.70 1.37 9.69
No.25 1.40 16.01 0.08 -1.15 -1.91 0.70 1.37 9.68
No.26 1.39 16.69 0.08 -1.16 1.92 0.70 1.36 9.69
No.27 1.39 15.13 0.08 -1.16 -1.92 0.70 1.35 9.69
No.28 1.39 15.16 0.08 -1.14 -1.88 0.69 1.37 9.68
No.29 1.38 11.25 0.08 -1.16 -1.90 0.69 1.35 9.69
No.30 1.39 15.21 0.08 -1.15 -1.90 0.69 1.36 9.68
Min 1.38 11.25 0.06 -1.17 -1.94 0.68 1.35 9.67
Max 1.40 16.85 0.09 -1.11 -1.86 0.70 1.38 9.69
Avg 1.39 15.21 0.08 -1.15 -1.90 0.69 1.36 9.68
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VOL(V) [ICCH(mA) |ICCL(mA) [ IFLH(mA) [ VFHL(V) | tpLH(nS) | tpHL(nS) tr(nS) tf(nS)
Min - - - - 0.8 50 50 - -
Typ 0.3 15 L5 2.6 - 115 110 30 15
Max 1 3 3 7.5 - 200 200 - -
No.1 0.26 1.67 1.65 2.89 1.07 115 111 29 18
No.2 0.26 1.68 1.65 2.89 1.07 117 113 30 19
No.3 0.26 1.71 1.68 2.58 1.07 118 114 31 18
No.4 0.26 1.69 1.66 2.03 1.03 119 115 29 18
No.5 0.25 1.72 1.69 1.88 1.03 120 116 29 19
No.6 0.27 1.71 1.68 2.19 1.07 118 1138 29 17
No.7 0.26 1.75 1.74 3.13 1.07 114 110 30 18
No.8 0.25 1.70 1.69 3.13 1.07 113 109 30 18
No.9 0.26 1.72 1.71 2.43 1.07 112 108 30 17
No.10 0.26 1.66 1.67 251 1.07 113 109 30 19
No.11 0.25 1.77 1.76 2.11 1.03 112 108 29 17
No.12 0.26 1.77 1.75 2.27 1.07 113 108.8 30 18
No.13 0.25 1.77 1.75 2.82 1.03 112 108 29 17
No.14 0.25 1.80 1.77 2.66 1.03 114 110 29 18
No.15 0.25 1.70 1.67 1.96 1.03 114 110 31 19
No.16 0.26 1.67 1.66 2.34 1.07 114 110 30 17
No.17 0.26 1.72 1.72 2.19 1.07 113 109 29 18
No.18 0.26 1.81 1.80 2.74 1.07 113 109.4 30 18
No.19 0.26 1.74 1.73 1.80 1.07 115 111 30 17
No.20 0.26 1.69 1.69 3.05 1.07 116 112 29 17
No.21 0.26 1.73 1.71 2.66 1.03 114 110 29 19
No.22 0.26 1.72 1.70 2.66 1.07 115 111 30 18
No.23 0.26 1.73 1.71 2.03 1.07 116 112 28 19
No.24 0.25 1.78 1.78 2.74 1.03 117 113 29 17
No.25 0.25 1.73 1.70 2.66 1.07 114 110 29 19
No0.26 0.26 1.75 1.72 2.58 1.03 113 109 29 18
No.27 0.26 1.72 1.70 2.82 1.07 114 110 31 18
No.28 0.26 1.78 1.78 2.58 1.03 113 109 30 18
No0.29 0.26 1.74 1.70 2.43 1.03 115 111 28 19
No.30 0.26 1.73 1.71 2.51 1.06 115 111 30 18
Min 0.25 1.66 1.65 1.80 1.03 112 108 28 17
Max 0.27 1.81 1.80 3.13 1.07 120 116 31 19
Avg 0.26 1.73 1.71 2.51 1.06 | 114.69 | 110.69 | 29.52 18
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11.2 Actual measured value of important electrical characteristics
by operation temperature

VOH(max temp 100°C) | VOH(min temp -40°C) VOL(max temp 100°C) | VOL(min temp -40°C)
Condition VCC=10V. IF = 10mA, IO =-100mA VCC=10V, IF = OmA, 10 = 100mA
Unit \'% \'%
Min 9.00 9.00 - -
Typ 9.55 9.55 0.30 0.30
Max - - 1.00 1.00
1 9.43 9.65 0.46 0.24
2 9.42 9.65 0.48 0.22
3 9.44 9.65 0.48 0.23
4 9.45 9.64 0.47 0.23
5 9.43 9.66 0.48 0.24
6 9.43 9.66 0.47 0.22
7 9.43 9.65 0.46 0.23
8 9.42 9.65 0.46 0.24
9 9.45 9.65 0.46 0.23
10 9.44 9.64 0.47 0.23
11 9.45 9.65 0.47 0.22
12 9.43 9.65 0.46 0.22
13 9.42 9.66 0.48 0.23
14 9.43 9.66 0.46 0.22
15 9.44 9.64 0.48 0.24
16 9.45 9.65 0.47 0.23
17 9.43 9.64 0.46 0.23
18 9.43 9.66 0.46 0.24
19 9.42 9.64 0.48 0.23
20 9.45 9.65 0.47 0.22
21 9.43 9.65 0.47 0.22
22 9.44 9.65 0.48 0.24
23 9.44 9.64 0.48 0.23
24 9.45 9.66 0.47 0.23
25 9.42 9.64 0.46 0.24
26 9.43 9.66 0.47 0.23
27 9.43 9.64 0.47 0.22
28 9.42 9.66 0.48 0.24
29 9.44 9.66 0.47 0.22
30 9.45 9.64 0.47 0.24
Min 9.42 9.64 0.46 0.22
Max 9.45 9.66 0.48 0.24
Avg 9.435 9.650 0.470 0.230
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IOPH1(max temp 100°C) | IOPH1(min temp -40°C)

IOL1(max temp 100°C) | IOL1(min temp -40°C)

Condition Vee=15V, IF=10mA, V6-5=2V Vee=15V, IF=0mA, V5-4=2V
Unit A A
Min - - 0.20 0.20
Typ -0.50 -0.50 0.50 0.50
Max -0.20 -0.02 - -
1 -0.46 -0.67 0.47 0.71
2 -0.46 -0.66 0.49 0.71
3 -0.48 -0.67 0.47 0.73
4 -0.47 -0.67 047 0.71
5 -0.47 -0.66 0.48 0.72
6 -0.46 -0.68 0.47 0.72
7 -0.48 -0.67 0.48 0.73
8 -0.46 -0.68 0.47 0.71
9 -0.48 -0.67 0.48 0.73
10 -0.46 -0.66 0.47 0.72
11 -0.48 -0.67 0.47 0.73
12 -0.47 -0.66 0.49 0.72
13 -0.48 -0.67 047 0.71
14 -0.46 -0.68 0.49 0.73
15 -0.47 -0.67 0.48 0.71
16 -0.47 -0.67 047 0.72
17 -0.48 -0.68 0.49 0.71
18 -0.47 -0.67 047 0.73
19 -0.48 -0.66 0.48 0.71
20 -0.46 -0.67 0.47 0.72
21 -0.48 -0.68 0.49 0.71
22 -0.47 -0.67 0.47 0.72
23 -0.47 -0.66 0.48 0.73
24 -0.48 -0.68 0.49 0.72
25 -0.47 -0.66 0.49 0.73
26 -0.48 -0.67 0.48 0.72
27 -0.46 -0.68 0.49 0.72
28 -0.47 -0.67 0.49 0.71
29 -0.48 -0.67 0.48 0.73
30 -0.48 -0.68 0.49 0.73
Min -0.48 -0.68 0.47 0.71
Max -0.46 -0.66 0.49 0.73
Avg -0.471 -0.670 0.479 0.720
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TPLH(max temp 100°C) | TPLH(min temp -40°C) | TPHL(max temp 100°C) | TPHL(min temp -40°C)

Condition VCC=20V, IF= 10mA, Rg= 30, Cg= 1 nF,, f= 250 kHz,, Duty= 50%
Unit ns ns
Min 50.00 50.00 50.00 50.00
Typ 115.00 115.00 110.00 110.00
Max 200.00 200.00 200.00 200.00
1 145 106 140 91
2 145 108 143 91
3 146 106 140 93
4 145 108 140 94
5 146 107 141 91
6 146 108 143 92
7 149 106 141 92
8 146 107 141 93
9 149 106 140 92
10 149 106 142 91
11 145 108 143 93
12 147 108 142 91
13 149 108 142 93
14 149 107 141 94
15 146 108 142 93
16 146 107 143 92
17 148 107 142 92
18 146 108 143 91
19 145 107 140 94
20 145 106 142 93
21 148 106 143 94
22 149 107 142 93
23 148 107 140 92
24 145 108 143 92
25 146 107 140 94
26 145 107 142 93
27 148 108 143 94
28 149 107 141 91
29 148 106 141 94
30 149 108 143 94
Min 145.00 106.00 140.00 91.00
Max 149 108 143 94
Avg 146.900 107.100 141.633 92.567
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11.3 Actual measured value of important electrical characteristics

by voltage
ICCH ICCL
Condiiton VCC=10V VCC=30V VCC=10V VCC=30V
IF = 10mA, VO=Open IF = 10mA, VO=0Open IF = OmA, VO=0Open IF = OmA, VO=0Open

Unit mA mA

Min - - - -

Typ 1.5 1.5 1.5 1.5

Max 3 3 3 3
1 1.49 1.66 1.52 1.67
2 1.51 1.66 1.52 1.67
3 1.5 1.67 1.52 1.67
4 1.5 1.66 1.53 1.68
5 1.5 1.67 1.53 1.67
6 1.51 1.66 1.52 1.67
7 1.5 1.67 1.52 1.68
8 1.51 1.67 1.53 1.67
9 1.49 1.66 1.52 1.67
10 1.49 1.66 1.52 1.68
11 1.51 1.67 1.53 1.67
12 1.49 1.66 1.52 1.67
13 1.5 1.67 1.53 1.68
14 1.51 1.66 1.52 1.68
15 1.5 1.66 1.53 1.68
16 1.51 1.67 1.52 1.68
17 1.49 1.66 1.53 1.68
18 1.49 1.66 1.52 1.67
19 1.51 1.67 1.53 1.67
20 1.49 1.66 1.52 1.68
21 1.49 1.66 1.52 1.67
22 1.51 1.66 1.53 1.67
23 1.49 1.67 1.52 1.68
24 1.49 1.66 1.52 1.68
25 1.51 1.67 1.53 1.67
26 1.5 1.67 1.52 1.67
27 1.5 1.67 1.53 1.68
28 1.49 1.67 1.52 1.68
29 1.49 1.66 1.53 1.68
30 1.51 1.66 1.53 1.67

Min 1.49 1.66 1.52 1.67

Max 1.51 1.67 1.53 1.68

Avg 1.499 1.664 1.524 1.675
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TPLH(VCC=10V)

| TPLH(VCC=30V)

TPHL(VCC=10V)

TPHL(VCC=30V)

Condiiton IF=10mA, Rg= 30, Cg= 1 nF, f= 250 kHz,, Duty= 50%

Unit ns ns

Min 50.00 50.00 50.00 50.00

Typ 115.00 115.00 110.00 110.00

Max 200.00 200.00 200.00 200.00
1 110 119 107 111
2 112 120 108 115
3 110 120 107 112
4 112 120 108 111
5 111 119 106 112
6 112 118 107 115
7 110 120 108 112
8 112 121 107 112
9 110 119 107 115
10 112 118 108 112
11 111 120 107 113
12 112 122 106 111
13 111 118 107 115
14 110 122 107 112
15 111 119 106 115
16 110 118 106 115
17 110 119 108 111
18 111 118 107 112
19 110 122 106 111
20 112 118 107 114
21 112 118 106 111
22 112 122 106 112
23 110 119 107 114
24 111 119 108 112
25 112 119 106 114
26 110 118 106 114
27 112 118 107 111
28 111 122 108 111
29 110 118 107 114
30 112 122 108 111

Min 110 118 106 111

Max 112 122 108 115

Avg 111.033 119.500 106.967 112.667
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12.0 Actual Measurement Value of each Exterior Part
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13.0 Mean Time to Failure

LITE[e]\|

MTTE/ FIT report for LTV-155E

(Mean time to failure / Failure rate report)
(According to MIL-STD-690C)

Sample size 1080 Pcs

Test Hours 1000 Hours

Total Hours 1080000 Hours

Total Failure () Pcs

Typical MTTF 1080000 Hours r 1
Typical Failure rate/1Khours 0.0925926 %

@ 90% Confidence level

MTTF more than or equal 469035 Hours

FIT/1Khours less than or equal 353 FIT

Note: if no failures occurred during testing, the typical MTTF and the Failure rate
calculated assuming one (1) failure.

Sample size =Monthly routine operating test x sample size of every time
Test Hours = 1000 (Hours)
Total Hours = Sample size x Test Hours
Total failures = Failure number of yearly test
Typical MTTF = Total hours / Total failure (T/r)
Typical failure rate (%) = (1/Typical MTTF) x 1000 x100
MTTF @ 90% CL = Typical MTTF/Critical value at 90%CL (from GEM table)
FITs : nc(n)*109 (Refer to Intrinsic Failure Rate (IFR) )
N#t#A
**Follow as WQA-00999-046 MTTF (Mean Time To Failure) to be study Wearout
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14.0 Delaminating Evaluation

1. Inner mold & Outer mold

Inner mold Outer mold

3. Coating gel & Inner mold
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4. Inner mold & LF
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15.0 CTQ Actual Measurement Results in QC Flow

NO. Drocess Check item Fzil Moda SEEC | Qw Fezult 1 2 3 4 5 6 7 g @ 10 17 12.00 13.00

MAX | 1545

1 Wisz Bend{TR) Wisz pull | mBrtophetel | 7.min) | 20 | Min | 1281 1201 15.40 13.03 13.84 1412 14.57 14.04 1420 14.44 14.56 14.02 14.55 14.47

AVE | 1424
MMAX 300

2 Die Bond{IR) Die shear | m=Ertophotel | §¥min) | 20 | Min 161 | 267.28 [ 2137.17 | 255.84 | 260,51 | 25827 | 15845 | 28438 | 2BE.06 | 264.47 | 267.19 | 266.57 | 13843 | 245.00
AVE 144
MMAX 13

3 Dic Bond{PTR) | Wirz pull | m=Brtophotol | 4.1(min) | 20 | Min 122 1226 12.27 12.55 12.82 1331 12.51 13.15 13.65 13.00 13.23 13.28 13.28 12.80
AVG 12.0
NAZ 037

4 Dic Bond{PTR) | tall shesr | reBriophotod | 23(min) | 20 | Min 61.8 | 7608 78.05 T6.43 T4.24 §1.70 62.70 T8.6T B6.40 0371 TT.08 2451 6078 8038
AVG Tel

14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22,00 300 24.00 25.00 26.00 27.00 28.00 20.00 30.00
1428 1407 15.45 14.55 14.45 14.02 13.03 14.56 1418 14.35 13.87 14.20 14.57 13.03 14.12 14.32 13.00
173.60 | 167.30 | 202.30 | 161.00 | 10640 | 174.40 | 30000 | 28543 | 28111 | 27831 26719 | 26657 16441 | 26638 | 26130
12.1% 12.17 12.17 13.01 12.46 13.63 13.11 11.64 11.58 11.73 11.91 11.81 11.87 11.58 10.81 12.08 10.56
81.02 77.14 80.01 7504 D185 8841 T84T 430 56.34 73.13 68.56 73.06 57.05 5877 53.22 62.76 &8.70

6.3 HESERRIRL IR A% Judgement of ball shear & pull tension effect :
6.3.13#EEERSCRPIE (Ball shear effect judgement):

o dddddl
NS T

D

B 3 =
A iRl
A HS

have remains of Au

no remains of Au have cratering wrong judgement

ez
| HERR AR — B R CRIRI P E B A R,

2 ERRBRANZ AR AR AP E SR B
3 SERRRA R DA BRI E BRI QCREA L.
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Location |Failure mode Description Result
A Mo gold rernain on the pad (Dice) after wire pull (ball shift) Reject

B Ereak off from the neck of the loop, little higher upon the ball (<2mil) | Accept

LOTJ [ Break off from between B & D point Accept
n] Break off from the tail of the loop (tail remain on the pad) Accept

E Mo gold remain on the pad after wire pull {tail shift) Reject

A Lifted ball Reject

B Wire break a neck bond Accept

C Loop wire break Accept

D Stitch bond (Wire break at stitch) Accept

LOBK E Weld lifted Reject
F Gold remain =380% on pad Accept

& Gold remain 50-80% on pad Accept

H Gold rernain 10-50% on pad Accept

| Gold remain <10% on pad Reject

J Peeling pad Reject
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16.0 MSDS/SGS

Material Safety Data Sheet
&ﬁ%%ﬁ%ﬁ

iy o 52 8L B 55 #1/Product and Company Identification

LA l’hutuu)uph r
Product Name
foh#mit - LTV-155E
Product Code
B A RR LM R TE
Address & Tel. of Manufacturer or Agent
LITEON TECHNOLOGY CORPORATION
00, Chien 1 Rd, Chung Ho dist. New Taipei city, Taiwan R.O.C.
T EE/EAEE | +886-222226181 #1252
Enmrgjcncy Phone Number/Fax

— ~ m g7 #5557 #/Composition, Information on Ingredients

1.
In substance fame is called:
Epoxy Compound
Chemical nature : Resin
The substance component name CAS number | Concentration either
concentration limit (component
percentage)
White compound 25068-38-6 42.63%
Black compound 25068-38-6 57.37%
2.
In substance fame is called : Lead frame

Physical property @ Metal

CAS number | Concentration either
concentration limit (component

The substance component name
percentage)

o
e
[
=

=l

Copper 7440-50-8
Silver 140415-84-5 0.8
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In substance fame is called : Emitter chip

Physical property

The substance component name

CAS number

Concentration either concentration
limit (component percent)

Gallium Arsenide 7440-55-3
Ga 51.4%
As 48.6%
4.
In substance fame is called : Detector chip
Physical property
The substance component name CAS number | Concentration either
concentration limit (component
percentage)
Silicon 7440-21-3 00.726%
Aluminum 7429-90-5 0.163%
Copper 7440-50-8 0.001%
Tungsten 7440-33-7 0.11%
3.
In substance fame is called :Golden wire
Physical property - Au
The substance component name CAS number | Concentration either
concentration limit (component
percentage)
Au 7440-57-5 100%
6.
In substance fame is called - Ag Paste
Physical property
The substance component name CAS number | Concentration either
concentration limit (component
percentage)
Ag-based Epoxy 14391-65-2
Epoxy Resin 17.64%
Ag 82.36%
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In substance fame is called : Silicon gel

Physical property

The substance component name CAS number | Concentration either
concentration limit {component
percentage)

Silicone 63148-62-9

Si 10%~20%

Epoxy-resin Remain

=~ i & #83 F Hazard Identification

& A g Ear [ E s T 2 /Health Hazards and Reactions @ N/A

& ||

Most Important |*2 5% 5 %¥/Environmental Impact : N/A
Health Hazards
and Reactions |4 22 4 & {4 14 & & /Physical and Chemical Hazards : N/A

45 5k & £ /Specific Hazards @ N/A

* %% 4k/Cardinal Symptoms @ N/A

# oh i & 4y #3/Hazard Classification @ N/A

8 56t Flm Aid Measures

7 5] 4k #5542 2 2 20 &/ First Aid Measures for Different Kinds of Exposures :
* B Ar’lnhdldtlon NJ"A

o & )& 22 25/Skin Contact @ N/A

o 3% 85 4 25/ Eye Contact - N/A

. T f\flng__eation ' NJA

fi F L R A F 2R/ Most Important Symptoms and Hazard Reactions

N/A

#1340 A H 2 By i Protection to First-Aid Attendants @ N/A

#} 5 &F 2 32 7 /Suggestions to Doctors : N/A
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A~ K3 i/ Fire Fighting Measures
i A % ok #)/Suitable Extinguishing Media @ Water - Carbon dioxide - Dried vermicelli made
from bean starch fire-extinguishing chemical

i KB T 66 1% 32 4 5k % & /Special Hazards in Fire : N/A

55 # K 42 B /Special Fire-Fighting Procedures @ N/A

BN R 2 45 EREy ek 4 /Required Special Protective Equipment for Fire-Fighters © N/A

75~ GBI # k[ Accidental Release Measures
{8 A JE £ & ¥17/ Personal Precautions :  N/A

35 Wik & E 15 /Environmental Precautions @ N/A

i 1 7 i /Methods for Cleaning : N/A

4+~ 2 F f4k 7F % %/ Handling and Storage
# # Mandling © N/A

{4 7£/ Storage : Temp:-55°C~150C

Ao~ A §% 78 By 4% s/ Exposure Controls, Personal Protection

T #2 £+ %/ Engineering Measures : N/A

f% 4] 4 #4/ Control Parameters :

o Al R R T R AL (TWA G B 1] 65 8 F 293 35 R AL(STELVE &5 B 3F iR K
(CEILING) : N/A

« & fhisfk BEIs ¢ N/A

{8l AL By 3 3% # / Personal Protection Equipment -
o 30 [ 3% /Respiration © N/A

o 35y /Hand @ N/A

o B85 4 3i/Eye - N/A

o & )& A 5 48y 3/Skin & Body @ N/A

{474 1% 36 /Hygiene Measures : N/A
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.~ ¥ R 1L £ F / Physical and Chemical Properties

i #% B2/ State of Substance @ solid et /Appearance ©  Square-like

A& /Color - N/A f.#:/0dor - N/A

pH f&/pH Value : N/A i R/ 55 36 E]/Boiling Point @ N/A

5 #2% K /Decomposing Temperature @ |B] K %5 : F C
i Flashpoint
Mg M RS

Test Methods @ Open Slot Closed Slot
HLFE AL FR/Explosion Limits @ N/A

B %5 E/Self-Igniting Temperature -
N/A
# §1 B /Vapor Pressure :

N/A # #, % H/Vapor Density : N/A

# H /Density @ N/A 2= i% B [Dissolution @ N/A

-I' S B R JE M /Stability and Reactivity
% ¢ 4 /Stability NfA

HEFRAILOUTF 9T 22 /2 £ R ft/Possible Hazard Reaction Under Special Conditions : N/A

FE 38F % 2 4% /Conditions to Avoid © N/A
t_r 2 & ' /Materials to Avoid © N/A

it F 4 i h/Hazardous Decomposition Products - N/A

-+ — ~ 444 7 #H Toxicological Information
2 & re/Acute Toxicity @ N/A

5y 83F # Fe/Local Reactions @ N/A

4L M/ Sensitivity ¢ N/A

14§ % & f #9 4 14/Chronic or Long Term Toxicity : N/A

%% 5 %1 fE/Special Reactions @ N/A

f& % # Ecological information
¥ 55 W3R 55 0% W/Possible Environmental Impact/Environmental Run-offs : N/A

P, L Y
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-+ = ~ F & & % i /Disposal considerations
E: %1% F 7 % /Disposal Methods @ N/A

1% 37 #FH/ Transport information

L “/International Transportation Regulations : N/A

B4 B 4 %8/UN Reference No. @ N/A

[ Py 3% 1% 47, 2 /Domestic Transportation Regulations - N/A

8% R 3% 7 k&R & 90 /Special Transportation Methods and Precautions @ N/A

+ &2 -~ £ 485 #/Regulatory information
i A % #/Applicable Regulation :  J-STD-020D

470~ Bk 3F #4/0ther information

%3 3Lk

Ref. Document

% #/Dept. Name © LITE-ON ELECTRONICS(TIANJIN) CO..LTD
#h b/ 3% Address/Tel. © 90, Chien 1 Rd, Chung Ho dist. New Taipei city,
Taiwan R.0.C./+886222226181#1252

Name(Siong e} -
N 248/ Title ° ﬁ,g:»&:&;. ime(Signature)

Made By PD Principle Engineer ‘% *‘I-, 4(‘,_ ""f"’f”;

HAREm

Department

Dio Tzeng

FEY R

an. 1, 2013
Date Prepared Jan. 1,201

*. SGS report please see attachment.



