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JANTX1N759A

FOREWORD

This is a summary of the work performed on

NASA Contract NAS8-31944. The investigation was

conducted for the National Aeronautics and Space

Administration, George C. Marshall Space Flight

Center, Huntsville, Alabama. The Contracting Offi-

cer's Technical Representative was Mr. F. Villella.

The short-term objective of this preliminary

t	 study of transistors, diodes, and FETS is to evaluate

the reliability of these discrete devices, from

different manufacturers, when subjected to power and

temperature step stress tests.

The long-term objective will be to gain more

knowledge of accelerated stress testing for use in

future testing of varieties of discrete devices,

as well as to determine which type of stress should

be applied to a particular type of device or design.

This report is divided as follows: description

of tests, figures, tables, and appendix.
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1.0	 INTRODUCTION/SCOPE

DCA Reliability Laboratory, under Contract NAS8-31944 for

NASA/Marshall Space Flight Center, has compiled data for

the purpose of evaluating the effect of power/temperature

step stress when applied to a variety of semiconductor

devices. This report covers the voltage regulating diode

JANTX1N759A manufactured by Texas Instruments and

Siemens.

	

1.1	 Sample Distribution

A total of 48 samples from each manufacturer were sub-

mitted to the process outlined in Table I. In addition,

two control sample units were maintained for verification

of the electrical parametric testing.

	

2.0	 TEST REQUIREMENTS

	

2.1	 Electrical

All test samples were subjected tc the electrical tests

outlined in Table II after completing the prior power/

temperature step stress point. These tests were performed

using the Fairchild Model 600 high-speed computer-

controlled tester. Additional bench testing was also

required on the devices.

	

2.2	 Stress Circuit

The test circuit shown in Figure 1 was used to power all

of the test devices during the power/temperature stress

conditions. The voltage was set by V  and the current

was varied in order to comply with the specified power

rating for this device. Maximum rated power (MRP) was

reached on at least one of the test devices. All the

1
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remaining devices were subjected to no less than 90 per-

cent of the MRP for all other devices. See Figure 1 for

load resistor values and voltages.

	

2.3	 Group I - Power Stress

Thirty-two units, 16 from each manufacturer, were sub-

mitted to the power stress process. The diodes were

stressed in 500-hour steps at 50, 100, 125, 150 and 175

percent of MRP for a total of 2500 hours or until 50

percent or more of the devices in a sample lot failed.*

Electrical measurements were performed on all specified

electrical parameters after each rower step. See Table I.

	

2.4	 Group II - Temperature Stress I

Thirty-two units, 16 from each manufacturer, were sub-

mitted to the Temperature Stress I process. Group II

was subjected to a total of 1600 hours of stress at MRP

in increments of 160 hours. The temperature was increased

in steps of +25°C, commencing at +75°C and terminating

at +300°C or until 50 percent or more of the devices

failed.* Electrical measurements were performed on all

specified electrical parameters after each temperature

step. See Table I.

	

2.5	 Group III - Temperature Stress II

Thirty-two units, 16 from each manufacturer, were sub-

mitted to the Temperature Stress II process. Group III

was subjected to a total of 112 hours of stress at MRP

*Conditions for failure:

A) Open or short
B) Leakage exceeds the MIL limit by 100 times.
C) Other parameters exceed MIL limits by 50 percent or greater.

2
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in increments of 16 hours. The temperature was increased

in steps of +25°C, commencing at +150°C and terminating

at +300°C or until 50 percent or more of the devices in

a sample lot failed.* Electrical measurements were

performed on all specified electrical parameters after

each temperature step. See Table I.

3.0	 DISCUSSION OF TEST RESULTS

3.1	 Group I — Power Stress

3.1.1 Texas Instruments ( TI). The TI sample lot completed the
entire 2500-hour Group I testing with no catastrophic

failures. Typical characteristics of this sample lot's

performance were:

1) The mean value for I  changed 6.3uA from an initial

mean of 46.35nA to a final mean of 6.344uA.

2) The mean value for BV changed 70.OmV from an initial

mean of 12.20V to a final mean of 12.13V.

The control units for this sample lot remained constant

throughout the entire Group I testing.

3.1.2	 Siemens (SIE). The SIE sample lot completed the entire

2500-hour Group I testing with a total of three cata-

strophic failures. The first failure occurred 50 hours

into the 100 percent MRP step. Serial Number 9064 failed

because of excessive I  leakage. The next failure

occurred 10 hours into the 150 percent MRP step. Serial

*Conditions for failure:

A) Open or short
B) Leakage exceeds the MIL limit by 100 times
C) Other parameters exceed MIL limits by 50 percent or greater.

or
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Number 9075 failed the minimum B V limit. The last

failure occurred 500 hours into the 175 percent M_RP step.

Serial Number 9071 failed because of excessive I 

leakage. Typical characteristics of this sample lot's

performance were:

1) The mean value for IR changed 258.6uA frum an initial

mean of 2.36lnA to a final mean of 258.6UA.

2) The mean value for BV changed 30.OmV from an initial

mean of 12.26V to a final mean of 12.29V.

The control units for this sample lot remained constant

throughout the entire G.r^up T testing.

3.1.3 Statistical Summary — Group I. Table IV outlines the test

results of Group I — Power Stress process for the two

electrical parameters and all measurement points for both

TI and SIE.

3.2	 Group II — Temperature Stress I

3.2.1 Texas Instruments. The TI sample lot completed the

entire 1600-hour Group II testing with a total of 13

catastrophic failures. The first failure occurred 160

hours into the +250°C temperature step. Serial Number

9139 failed because of excessive I  leakage. The next

failures occurred 160 hours into the +275°C temperature
	 i

step. Serial Numbers 9133, 9136, 9140 and 9143 failed

because of excessive I  leakage. The last failures

occurred 160 hours into the +300°C temperature step.

Serial Number 9130 failed the maximum B `, limit. Serial

Numbers 9129, 9131, 9132, 9137, 9138, 9144 and 9146

failed because of excessive I  leakage. Typical charac-

teristics of this sample lot's performance were:

1) The mean value for I  changed 1.942mA from an initial.

mean of 33.5nA to a final mean of 1.942mA.

4
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2) The mean value for BV changed 870.OmV from an initial

mean of 12.22V to a final mean of 11.35V.

The control units for this sample lot remained constant

throughout the entire Group II testing.

3.2.2 Siemens. The SIE sample lot completed a total of 1280

hours before the lot was stopped because the failure rate

reached or exceeded 50 percent of the devices. The first

failures occurred 160 hours intc the +200°C temperature

step. Serial Numbers 9080, 9082 and 9083 failed because

of excessive I  leakage. Serial Number 9077 failed the

maximum BV limit. The next two failures occurred 160

hours into the +225°C temperature step. Serial Numbers

9089 and 9090 failed because of excessive I  leakage.

The last failures occurred 160 hours into the +250°C

temperature step. Serial Numbers 9084, 9087, 9091, 9092

and 9093 failed because of excessive I  leakage. Typical

characteristics of this sample lot's performance were:

1) The mean value for I R changed 3.08mA from an initial

mean of 8.17ni, to a final mean of 3.08mA.

2) The mean value for BV changed 20.0mV from an initial

mean of 12.23V to a final mean of 12.25V.

The control units for this sample lot remained constant

throughout the entire Group II testing.

3.2.3 Statistical Summary — Group II. Table V of this report

outlines the results of Group II — Temperature Stress I

testing for the two electrical parameters and all of the

measurement points pertaining to both TI and SIE.

5
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3.3	 Group III — Temperature Stress II

3.3.1 Texas Instruments. The TI sample lot completed the entire

112-hour Group III testing with a total of two catastrophic

failures. The two failures occurred 16 hours into the

+150°C temperature step. Serial Number 9161 was removed

from the testing because of an open-anode-to-cathode

junction. Serial Number 9162 was removed from the testing

because of a shorted anode-to-cathode junction. Typical

characteristics of this sampl.: lot's performance were:

1) The mean value for I  chaajed 7.77nA from an initial

mean of 94.62nA to a final mean of 86.85nA.

2) The mean value for BV changed 60.OmV from an initial

mean of 12.21V to a final mean of 12.15V.

The control units for this sample lot remained constant

throughout the entire Group III testing.

3.3.2 Siemens. The SIE sample lot completed the entire 112-

hour Group III testing with a total of six catastrophic

failures. The first failure occurred 16 hours into the

+225°C temperature step. Serial Number 9104 failed

because of excessive I  leakage. The next failures

occurred 16 hours into the +250°C temperature step.

Serial Numbers 9094 and 9102 failed because of excessive

I  leakage. The next failure occurred 16 hours into

the +275°C temperature step. Serial Number 9095 failed

because of excessive I F leakage. The last failures

occurred 16 hours into the +300°C temperature step.

Serial Numbers 9100 and 9109 failed because of excessive

I  leakage. Typical characteristics of this sample lot's

performance were:

1) The mean value for I  changed 16.65uA from an initial

mean of 1.767nA to a final mean of 16.65VA.

6
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2) The mean value for BV charged 970.OmV from an initial

mean of 12.31V to a final mean of 11.34V.

The control units for this sample lot remained constant

throughout the entire Group III testing.

3.3.3 Stati3tical Summary. Table VI outlines the results of

Group III — Temperature Stress II testing for the two

electrical parameters and all of the measurement points

pertaining to both TI and SIE.

	

4.0	 FINAL DATA SUMARY

Table VIII summarizes the change in the mean value from

the zero hour data to the final data. The graphs of

Figures 2 and 3 plot the cumulative Percent failures

versus the elapsed time for Group II - Temperature

Stress I, and Group III - Temperature Stress II.

Tables VIII and IX summarize the failures encountered

for all three stress groups. The test devices are

separated into two groups: Catastrophic failures in

Table VIII and parametric failures in Table IX. The

data from Table VIII was used as the source for the

graphs in Figures 2 through 5.

	

5.0	 CONCLUSIONS

Both sample lots performed well in the Group I —.Power

Stress testing. TI had no catastrophic failures and

SIE had three. All three failures from the SIE sample

lot showed damaged junctions resulting from the power

stress to which they were subjected. The exact stress

at which this occurs is mainly a function of the junc-

tion size, the heat sink capability of the die, and the

crystal perfection. Failure Analysis points out that

i
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The Group II - Temperature Stress I testing proved to be

the most detrimental to both sample lots, and the same

failure mode can be clearly seen in the Group III -

Temperature Stress II testing. The failure mode in both

groups - II and III - seems to be excessive I  leakage.

The Texas Instruments and Siemens diodes failed due to

catastrophic junction damage induced by excessive dip

temperature while under power. It is almost certain that

the actual failure mode involded micro-alloying of the

metal across the semi-conductor junction. Failure analysis
points out that the metal between the internal wire lead
and the die on some of the Siemens parts shows evidence

of overheating and de-wetting. The dice overhang their

mountings on all of the Siemens' devices. Many of the

diode samples from Texas Instruments show cracked glass.

A plot showing cumulative failute distribution for

Groups II and III was drawn for the Siemens sample lot

(Figures 4 and 5), but a complete plot for the Texas

Instruments sample lot could not be drawn due to an

absence of main failure points in the Group III testing

(Figures 2 and 3). Figures 4 and 5 display the data foi:

the Siemens sample lot used to calculate an activation

energy of 1.58ev.

A broken circle around a marked point, on the graph,

indicates a freak failure not calculated as part of the

regression line. A solid circle around a marked point

indicates an isolated failure point. The regression lit.,
was drawn using the least square method.

8
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The activation energy was calculated from the formula:

8.63	 X 10 -5 	eV / oK

t 1/ 1
E _ ^n

(7, )i
 (	 T 1 +273 —	 T2+273	 J

eV

Where:	 t 1 =	 step	 of	 Group	 II -	 Temp Stress	 I =	 160	 hrs.

t 2 =	 step	 of	 Group	 III -	 p Stress II	 -	 16	 hrs.

T 1 =	 temperature	 in 0  of	 16% failure for	 Group	 II.

T 2 =	 temperature	 in
0
C	of	 16% failure for	 Group	 III.

._
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NOTE

FOR TABLES

4 THROUGH 7

The minimum/maximum initial and final data

generally have an absolute accuracy of +lc, of

the reading and +_ 	 digit except for readings

greater than 9.99mA which have an absol e accur-

acy of ±2 of the reading and ± one dig:_. The

data also has a resolution for four digits. The

standard deviations, means, delta means, and

average means are, therefore, valid indicators

of trends over time and teiaperature, excepting

the minor statistical computer error of supply-

ing a constant number of significant digits.



Q

I °' L
n
nzx

I

zZP-1

I

f,	
IE

-
4zWFV
1

^ 	
ZH

i	
1	

U
:

XWH

tr

N4JG

L9	
^NaHNfaXEz4J

O
	

(a

a
O
D
 
^
 
'	

aa)

0
4

W
 

FElE^

O
O

 J
 
^

c
^
	

a4J
Q

 ^
 N

 U

u
^
 
Z
 
L

W
 ►^En

w
 H

 ::J
Q

Q
 a

 W
 U

)

f^
	

14

W
 
v

R

C)

Q

S
2
 
J

O
 D

 w
U

L
UC

)

N
	

^
+a)

LO
	

rdaEU

r

J
A
N
T
X
1
N
7
5
9
A0

s~3	
H

$4 C: 	
H	

H
r
d
 
.
^
	

H
	

H

. 00 5	
a	

a
W
	

C7 	
:7

0
0
	

11	
II

Ha:10C
7

a

p r r-I ai N
z
a
(n

+
►

0
.0

 I~
U

 ro
.,40
	

U
H

 0 Q
. 0

H
 la	

Ln 	
RC

0 
3
+
	

Z
	

z

a
4
1
 0

0
	

r-4
	

11 	
11	

II

0
	

a) .rq
L

4
 :3

(
0
	

r
I
	

N
	

W
C
;
 r:

^
 w
	

E-1	
E
^
	

Q

HHHa0C
^

1
^

i

O
	

L
O

N
 
N

I	
to	

CQ
 

I

H

I\
1

M
 
r
o
 
M

 
M

 
N

(0
o
) 3

8
tH

 6
3
d
lU

i N
O

I1
O

N
n
r *

1
2

OON

L
)

0Q
w
 
I
 
F
-

Z 	
tl



r

J
A
N
T
X
1
N
7
5
9
A

I,-Q

>~
i~

 •rl N

b
 5

 f
~

\
L4	

•rl
Z

b
 w 

O
^
O
a

u

A
U

 ^
a

4
J
 
r
.
 
:
J

O
 0

) r-4
G

 m
 -+

ro w
F

4
't3

Z
:j G

 H
O

U
O

 to
 H

L
n

RC
U
	

H
M

O
et

z
d- )	

C
2,

II
11

(
d
 v

 0
}4	

::l	
S4

rl
N

C
9

 'L
J 0

E
i

H

OI
n
	

N

O
 
}
'a^EO4JNf
~

H

It 	
N

0
	

(13

_
 
X

N
 
N

C
r

M
 E

D^
a
^
4

w
 H

 t(1^4aa^Hr.O-)U

8
NONN

l
D
	

En

C
)
	

O4ua^

.
m
r
	

E
+

UOU
"
\

W
 
^
Q

0z
	

rr

O
 
L
C
)
 
O
 
t
o
 
Q O
 
U
)
O
 
t
o
	

U
-
)
O
 
U
)
O
 

U
	

N
	

8
	

0

^
 
d
 

Q
 
M

 
1
f n

 
M
	

N
 
N

 
N

 
N

 
~

r
-
^

E

(0o) 38niV
83d"31 N

011O
N

n

;O^A
&

i
1
3



M
 U

')
	

M
	

M
	

N
	

N
	

ti

E
4

( 0
o
) 38niv83dW

31 N
011O

N
n

1
4

ali
L
n
r2

I

.--1

N`T.

I
^

II
4

II
 2̂ww
I
 
H

I

lO
	

t
1

I	
NE
4

t

H
F-4	

H
H
	

H

a
	

a

C
7
	

C
9

II 	
li

a

r7

M
	

Lr)
1.0	

N
M
	

'C
	

r-I

II	
II 	

II

E
+
	

E
i
	

R
C

Hr0

HHHG
.

C
i

iIIi

v
^
O
)

L
	

N

Q
1
	

^

Q
7	

CI
• rlU4
10Ua

(/)	
0

P 
C
r

0
C
r
	

4J
^
 
U

p
 J

 ^
c
D

2
 m

L
L
J

o
^
4

Q

a
 (x

, f0

Ir)	
U

L
J
J

Q
 

w
J
 
-
P

Q
C

) 2UD 
u

U

U')	
a

N

E

L
O
	

U

ON

c

WI
Q

Z
F-



0;r)
UO

W
 
,
-

0
	

77
z
 
^

ti

Qa^r-iJzwi

r

J
A
N
T
X
1
N
7
5
9
A

t
i4c
oO

Y
IO

WO•
^

U
1

O
	

d:

cC
r L

n
 rd

O
 w

 ^
'

=
a
E

W
 H EU-i

O
	

o41Urn

gC)	
.^

_
	

H

Ln

U
	

U
O
	

O
n	

M
l0	

N
r,	

a
,

r
l
	

N
H
	

H

F
^
N
+

^^

i

ii

O
 
i
n
 
O

 
+

r
 o

 
0

 
O

 
tn	

t
o
 
0
 

LO
	

c-j 	
u,	

,•,
O

 I
', 1

n
 N
	

N
 
I
n
 
N
	

N
 
t
o
 
N

 
O

 
t
i
 
—

 
N
	

—
L

o
 4
	

V
	

M
 r

e
)
 M
	

N
 
N

 
N

 
N

i0
0
 t 	

H
	

H 	
(3o) 38niv83dW

31 N
O

liO
N

nr

ti-
 }

—
	

1
5



JANTX1N759A

TABLE I
TEST FLOW DIAGRAM

INITIAL
ELECTRICAL

TESTS
Per Table II

I	 (2)*	 16)*	 (16)* 116)*

Temperature Step	 Temperature Step
Non-Operating	 Power Stress	 Stress I	 Stress 11

I
Control Group	 TA = 25°C	 100 Percent MRP	 100 Percent MRP

	

Note 3 •	 Note 4

I

	

	 0.50 MRP	
TA = 75 0 C	 TA = 150°C

500 Hours

I
Note 1	

t = 160 Hours	 t = 16 Hours

	

1.0 MRP	 c
	 17r,-'CI 500 Hours	

TA = 100 C	 TA = 17,

Note 1	
t = 160 Hours	 t = 16 Hours

I

	

	 1.25 MRP	

Et

	 = 125°C	 TA = 200°C
500 Hours

 160 Hours	 t = 16 Hours
`	 Note 2

I	 1.5 MRP

I
500 Hours	 25°C Steps	 25°C Steps

Note

1	 7—	 7---" —
1.75 MRP

1	 500 Hours	
TA = 300°C	 TA = 300°C

t = 160 ' Hours	 t = 16 Hours
Note 2

:;Quantity per manufacturer (Texas Instruments and Siemens)

I NOTES:

1) Electrical measurements per Table II were made at 50, 150, 250 and 500 hours.

2) Electrical measurements per Table II were made at 10, 25, 50, 150, 250 and 500 hours.

3) Electrical measurements per Table II were made at the end of each 160 hours.

1
	 4) Electrical measurements per Table II were made at the end of each 16 hours.

16
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TAB

PARAMETERS ANIU

PARAMETER CONDITIONS

I  @ v 	 = 9.OV

BV @ I Z = 20.OmA

NOTES:
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TAB 1
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MSFC STEP-STRESS TEST 	 JANTXIN759A

ir4^., 	 FAILURE ANALYSIS- DIODES
Date	 26 September 1978

JIN:	 2CN242-29A	 PIN:	 1N759A	 MFR:	 Siemens

I	 FAILURE VERIFICATION.:

SIN PIV Ir @ Vf Q INITIAL INITIAL REJ.I
-volts-

p IZ = 20mA 9.0 V.dc do
REJ.@ Seq.#: FOR:

9064 11.2 R 6.8 mA MP-6 I 

I	 9071 10.6 5.5 mA MP-27 in , PIV

9075 5.0 48 mA MP-16 PIV

Limits: Limit:

5 .7-18.9 V	 15OOuA	 Max.

INTM.NAL VISUAL INSPECTION:

I	 All three Siemens diodes have off-center dice, particularly SIN 9071.	 (See

I

Figure A-1.)	 No other visual defects were observed which might be significant to

the present failures.

CONCLUSIONS:

All three samples have damaged junctions resulting from the power stress to

they were subjected. The exact stress at which this occurs is mainly a function

I

which

of	 the junction size, the amount of heat sinking of the die, and the crystal perfection.

I

1

I

I	 27

S. soft	 D - drift	 Inv - inversion	 Uns -unstable	 R - resistive
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Ibls^\	 JANTX].N7 59A

ORIGINAL PAGE IS
OF POOR QUALITY

FIGURE A-1
S/N 9071. Magnification 10X.

Typical Siemens diode construction.
Note cff-center die.

7
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MSFC STEP-STRESS TEST JANTX 1N7 59A

FAILURE AXUYSIS- DIODES

lDate—
27 September 1978

J/N: 2CN242-29B P/N: 1^ N759 A MFR:	 Siemens

FAILURE VERIFICATION:

_"	 I	 SIN PIV Ir @ Vf Q INITIAL INITIAL REJ.
-volts-

^-do-S-	 -V' do
REJ.3 Seq.'#: FOR:

@IZ - 20MA

9077 short short MP-7 PIV

I	 9084 1.0 y 1OOuA MP-9 PIV, IR

9087 short 100uA NP-9 PIV+ IR

-Limits: Limit:

5.7 - 18.9 500uA Max.

INTERNAL VISUAL INSPECTION:

I
The bonding metal between the internal wire lead and the die on some of the Siemens

parts shows evidence of overheating and de-wetting. The dice overhang their mountings

	

(	 on all the parts, including those not analyzed. (See Figures B-1 and B-2.)

	

:r	 CONCLUSIONS:

These Siemens diodes failed due to catastrophic junction damage induced by

excessive die temperature while under power. Since the bonding metal has been

kept above its melting temperature for many hours, it is almost certain that

^^	 I	 the actual failure mode involved micro-alloying of the bonding metal across the

semiconductor junction.

I

1

30

S. soft	 D - drift	 Inv - inversion	 Uns -unstable	 R - resistive
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FIGUF'E B-1
S/N 9077. Magnification 24X

Normal anode to die connection of Siemens
sample.
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JANTX1N759A

PAGE IS
Of PC,'OR QUALCM

FIGURE B-3
S/N 9146. Magni-fication 10X.

Typical Texas Instruments sample.
Arrow indicates cracked glass.



MSFC STEP-STRESS TEST	 JANTX1N759A0 	 /.`	 FAILURE ANALYSIS- DIODES

Date 28 September 1978

J/N:	 2CN242-29B	 _ PIN:	 1N7_`9A^	MFR: Texas Instruments

FAILURE VERIFICATION:

SIN PIV Ir ? V f O? INITIAL INITIAL REJ.
-volts-
IZ = 20MA .0	 V.dc do

REJ.'D Seq. #: FOR:

9137 0.5 S 60 uA MP-11 IR, PIV

9146 0.5 100 uA MP-10 PIV

Limits: 'Limit:

5.7-18.9V 500uA Max.

INTERNAL VISUAL INSPECTION:

Both samples have cracked glass. The cracks do not extend to the die cavity.

The construction of the failed samples is not accurately in-line. 	 A cross--

sectioned view shows the die of SIN 9146 to be cracked.	 (See Figures B-4 and B-5.)

CONCLUSIONS:

These Texas Instruments samples failed due to catastrophic junction damage.

While many of the samples survived the thermal stress procedure without apparent

damage,	 the cross-section of S/N 9146 indicates that this failure was caused by

a cracked die.	 The partially unsupported die mounting and the angular thrust

of the anode contact slug evidently acted together to crack the die during the

heating of the parts.

33

S= soft	 D - drift	 Inv = inversion	 Uns =unstable	 R = resistive
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i

r

FIGURE B-4
SIN 9146. Magnification 12X.

I	 Cross-sectional view, showing cracked glass,
cracked die, and tilted construction.

FIGURE B-5
SIN 9146. Magnification 30X.

Cross-section of die cavity area showing
cracked die and tilted construction.

34


	GeneralDisclaimer.pdf
	0046A02.pdf
	0046A03.pdf
	0046A04.pdf
	0046A05.pdf
	0046A06.pdf
	0046A07.pdf
	0046A08.pdf
	0046A09.pdf
	0046A10.pdf
	0046A11.pdf
	0046A12.pdf
	0046A13.pdf
	0046A14.pdf
	0046B01.pdf
	0046B02.pdf
	0046B03.pdf
	0046B04.pdf
	0046B05.pdf
	0046B06.pdf
	0046B07.pdf
	0046B08.pdf
	0046B09.pdf
	0046B10.pdf
	0046B11.pdf
	0046B12.pdf
	0046B13.pdf
	0046B14.pdf
	0046C01.pdf
	0046C02.pdf
	0046C03.pdf
	0046C04.pdf
	0046C05.pdf
	0046C06.pdf
	0046C07.pdf
	0046C08.pdf
	0046C09.pdf
	0046C10.pdf
	0046C11.pdf
	0046C12.pdf

