k4 —2 FREEL (F130)

2022 4E 1A 7 B
BER - BTHERTEEE SRR 2 143275 & FEAE B
e I s
K4 Wi A b #E

RXNEBEOEER (L)

EZEAIRRSCA | AT S R 0 BB BT R A N A I L 72 i S S T A B i

(EE 1,200 Ff2E)

YSBART /S A ADF v TERIZRTT D EEEFT OBIAFITIE, B IEBIEOBREEENMEL D,
UL, SIEBEORBNIMECOBREDELEZFIANDH S . BIBORE RN HESET &1
EFREREEFETREL LT, BECRBEZHA LREERT A AOERBREBIET 5 FENEE
INTWS., BEEFELY LEWEROMETOBED Y, KGSIBITHMBALFIH L-F
EERETD. BREFEOFEE LEBEFHREMNAORBRICHTIEBOERICESWEERIELZ B L
L, ZO0FHBRICRBWT, BmXOBEIENLFEOE THER L.

AL OBITEITIL, OB L 2EOHREE LD TND. FELEITIL, WERERS
FUREFEOFHRLAERIIOVTE LDTNDS.

7'&5"3(@—0 Bofmme LT, F4ETIL, %i{ﬂzbﬂﬁh%%lJ%Té? BFREICIVERRKEE
EMiEmm L7o. —ARIC, BEROFREMCET 2R EICE, BEFEO LD ITBER
ﬂﬂﬁk%%ﬁﬁ%@ﬁﬁblﬂﬁﬁ“éfﬂ FEAEHRDIR. %4%’(61 EBREIHELY, BETF
EOEENBEEMBWERL TSI 2R, BB/ REFEICIVBEETERILE
B M LTz,

ZoBROWmAE LT, BHETHE, BEFEICIEEHIBOBRERNCIEERT A XOBERRE
%%ﬁ%T Enggmm L7z, EBRIY, HIEBEZN L CHLERFELZHVWTERREOBIZENTH

BRI EERLE., EREHELY, BEFRORKIEIIIEH E#IBOE X ICR LEIRIERT S
ﬁ@ﬁbkb R OB EII AR OB REBR SN OHETRERZ 2R L. BEFIEKL
L BRERT S, ADOWEEFTOBIAHKIZBNT, HEE L BB E CHEE T4 L 0 ARICEE
FRER Z E AL MNC L. MAT, FEAOFERT A R TOMWEGFITREA R ~DREFIED
A E AR LTz

ZOBROMAE LT, FOETIL, HEEELE THRERT A A~OBHAICE L CER L.
PHEETNSA R, EROF v T ELBICERIEAIBENRTZRE LD 505D, FETIE, &
RFREOHEBHEE~OBERICET 2 ERBFZERL, BEEBECTE U BETROLELFIHL
TREFEDESREAE ETRER 2R L. MA T, REFERBOBOEROFREIC &
D FERBAEIE DR X FRA~OBIRNLBEO R REME 2 g LTz,

BIEICL, KX ORREZELDTND. KwX TR, REFEOFESHPEFEMBER L
TNDZEZHLNTL, FEET A A TOBEWROGCIREEE L7 BE 022 RIE & HFORRIC
LY, MERZEEETREFEOESREOR LSRRI L EZFR L. KX THm LR
RFEDOEFTRE LBERME L OBRIE, REFEOERALOBRFICKIT HEH B’J‘foﬁ%g@%
WL LTHFET D, R, REFERLBEHFFIEL ORMERR TR & hid, &H
REBEFHRIFEET AL ZO LY MELBERITICEML S 50 L HIFTE 5.




Alik4 —1 @EEEtE (330)

Date of Submission (month day, year) : 1, 7%, 2022

Department of
Electrical and Electronic | StudentID Number D143275 Naohiro Hozumi
information engineering

Supervisors Hirofumi Takikawa

Applicant’s name Takuto Matsui Yoshinobu Murakami

Abstract (Doctor)

i Fault Location Technique Using Ultrasonic Heating
Title of Thesis . ) . ] )
Applicable to Semiconductor Devices prior to Decapsulation

Approx. 800 words

The decapsulation of mold resin is an important step in fault location process of semiconductor devices' chips.
However, the decapsulation may lead to a deterioration of faults’ reproducibility. For a rough fault location of the
devices prior to the decapsulation, conventional methods of using magnetic field or heat generation have been
proposed to observe current paths of semiconductor devices. This thesis proposes a method of using ultrasonic
heating in order to locate faults with higher spatial resolution than the conventional ones. In chapter 4 to 6 of this
thesis, three topics were discussed to study the effect of ultrasonic heating on the signal of the proposed method
from the viewpoint based on the propagation of ultrasonic wave.

Chapter 1 of this thesis summarizes the objective and overview of this study. Chapters 2 explains the research
background. Chapter 3 describes the principle and measurement system of the proposed method.

As the first topic, the study of chapter 4 discussed the possibility of current path observation with the proposed
method of using ultrasonic heating. In common reports on measurement techniques with ultrasonic wave, there
are almost no examples which make use of ultrasonic heating for observation of current paths as in the proposed
method. In chapter 4, it was examined that the current paths can be visualized by using the proposed method.
The results of experiment and calculation showed that ultrasonic heating causes the signal of the proposed
method, and they also showed that the proposed method is able to visualize the current paths.

As the second topic, the study of chapter 5 discussed the observation of current paths by using
ultrasonic heating through mold resin. In chapter 5, an experiment showed that current paths can be
visualized by using the proposed method with ultrasonic heating through mold resin. From a discussion on
resonance of ultrasonic wave, results of experiments and calculations showed that the proposed method
has an optimal frequency of ultrasonic wave on mold resin thickness. The optimum frequency was
estimated from the frequency components of reflected waves. A fault of a practical semiconductor device
was clearly located with the estimated optimal frequency by using the proposed method. Additionally, the
proposed method was applied to some cases of practical fault location.

As the third topic, the study of chapter 6 discussed the application of the proposed method to
semiconductor devices with multilayered structure. The semiconductor devices are in a trend that they
have a multilayered structure with stack of conventional chips. In chapter 6, a fundamental study was
carried out to examine that the proposed method can be applied to the semiconductor devices having
multilayered structure. An experimental result suggested that the signal intensity of the proposed method
can be improved by appropriately tuning the frequency of ultrasonic wave based on the resonance in the
multilayered structure. Further consideration suggested that the proposed method has a possibility of
selective observation of chips on the depth direction of multilayered structure by adjusting the distance
between the transducer and sample.

Chapter 7 concluded this thesis. This thesis showed that the signal of the proposed method is caused by
ultrasonic heating. By appropriately choosing the condition of ultrasonic heating based on the propagation
of ultrasonic wave in semiconductor devices, the signal intensity of proposed method can be improved
without any changes on the measurement system of proposed method. The discussion of the effect of
ultrasonic heating on the signal intensity will work as a theoretical basis for the implementation of the
proposed method in practical use. If it is possible to use the proposed method with the conventional ones
complementary, the proposed method will contribute to the smooth failure analysis of semiconductor
devices in the future.




