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Intemal Defect Position Analysis of a Multi-Layer Chip Using
Lock-in Infrared Microscopy
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Abstract An ultra-precise infrared microscope consisting of a high-resolution infrared objective lens and infrared
sensors is utilized successfully to obtain location information on the plane and depth of local heat sources causing
defects in a semiconductor device. In this study, multi-layer semiconductor chips are analyzed for the positional
information of heat sources by using a lock-in infrared microscope. Optimal conditions such as focal position,
integration time, current and lock-in frequency for measuring the accurate depth of the heat sources are studied by
lock-in thermography. The location indicated by the results of the depth estimate, according to the change in
distance between the infrared objective lens and the specimen is analyzed under these optimal conditions.
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Fig. 1 Schematic flow diagram of lock-in microscopy
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Heat sources 1, 2,3

(b)

g. 8 (a) visible (b) amplitude image (2”d specimen)
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Fig. 9 Depth estimate graph of 2" specimen
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g. 10 Depth estimate graph according to the focal
plane position of an infrared microscope
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Fig. 11 Phase graph according to the focal
position of an infrared microscope

27k o 2
o wa) 29
= Ay

W

Ke)
o rr
0

tio
Bl

(o3
o oox r o

]

ko

|

:(2[11
i

n 0o
nﬂj{ﬁ o f
e

it
[e]
LW ow

=1

AN
>
)
rr
o
N
fr
x
o
)
o
L
)
ok

N
‘I,
oo @
L OH
r o
X
ng 3k r

2L
ot
2
s
£
(W
X
"

S
X

)
o
A
ol

% o
pry,

fo lo it
N

=
>

e
¥
(o]

my 2

=
>
ST

AL 2 ¥ g 2 P> o &
O
i

rote S o|r

the 7

Fig. 103} Fig. 11 #HeA

ol

—
o
S
=N
-
o
w
=
o
5
L
o

d
2 L

o

R

i

B

[

b

—(Nl 2

o

1

> o

Al ol gt A 4] ks W dAvh Zlo
-

2 N o dxo i X O 8 ooy )y orf o
o
=
g
=2
I
ol
o
i)
iy
2
2
0%
=
e
>
8
=
3

plane

Mo O o o

:J_
il
o, N 2 O 3 ogo U o O

=

o

ox N &L A o
AT S T P S U



Journal of the Korean Society for Nondestructive Testing, Vol. 35, No. 3: 200-205, 2015 205

Ir
)

BN
o)
of 32 B omi rfr o o b o 2 3R o o B PN omx 2 X

2
M > 2>

O

'
ol
ol
|
N
o
o
f
il
o
o

u2
e}
3
f
20
)
L o

o

&2
X
>
2

M
X
>
1)
e
1
)

oo =
Y B
Mo T

X
=
o oX
=T fL o e o B O mR e ol

N

(

_?(_I,
N
o
|
W
o
ol
ffr
o
™
BN
P
o

ol oox
o

fru

-

ox, M=
o

=
o, X

Nl we
al
1ox2
32
o ™
iy
=
I
N
AN
>

oo o N o fo g L do do o> A ot

b 2y

o

o
N
AL
tlo
e
K
el
o
s
2
wo [ A

fad
o

ol a1

s
s
o,
fo
R
2
9-: o
4 =
N
N

oX,
fo o
T
30 X

ol
N

e
e
-
fr

v Gz | Hrb)E
AR 28 a g A tATe] A Ys W
1S (B551179-12-04-00 & 2014, A+%
o)A AFY, 2013R1A6A9067028).

AT
e

&%

re
U

-3
)
o

]

=,
N

)

H]

]

o2

(1]

(2]

(3]

(4]

k=)

rar

Y. J. Cho, and S. L
lock-in  thermography technique using phase

Han, "Optimization of

image  processing,” Journal of Ocean
Engineering and Technology, Vol. 26, No. 5,
PP. 25-30 (2012)

Y. J. Cho,

optimized  test

"An exploratory study on the
conditions of the lock-in

thermography technique,” Journal of the
Korean Society for Nondestructive Testing,
Vol. 31, No. 2, pp. 157-164 (2011)

C. Schmidt, F. Altmann, R. Schlangen and H.
defect depth

determination at fully packaged and stacked

Deslandes,  "Non-destructive
die devices using lock-in thermography,” 17th
IEEE
and Failure Analysis of Integrated Circuits
(IPFA), July 5-9, Singapore, pp. 1-5 (2010)

R. Schlangen, H. Deslandes, T. Lundquist, C.
Schmidt, F. Altmann, K. Yuc, A. Andreasyan
and S. Li, "Dynamic lock-in thermography for

International Symposium on Physical

operation mode-dependent thermally active

fault localization," Microelectronics Reliability,
Vol. 50, pp. 1454-1458 (2010)



