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Abstract
This paper proposes a novel approach to measuring residual strains in electronic packages. The proposed

method includes applying a phase-shifted sampling moiré method to X-ray CT images of the test chip in

the electronic package. In addition, a calibration method for calculating the residual strains on the test chip

is shown in this paper. As an example, the proposed method is applied to an analysis of the residual strains

incurred during resin molding of a QFP. The proposed method is verified by comparing the results to a

strain analysis using the finite element method. It is demonstrated that the proposed method is effective

as a method of measuring residual strains in electronic packages.
Key Words: Electronic Package, Strain Measurement, Phase Shifted Method, Sampling Moiré Method,
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(d) Phase-shifted sampling moiré fringe pattern
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Fig. 1 Schematic procedure of phase-shifted sampling
moiré method®
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Fig. 2 Picture of test chip wafer and schematic diagrams of
test chip and Au bumps on the test chip
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Fig. 3 Pictures and schematics of QFP specimen
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Table 1. Material properties of QFP specimen

Coefficient of Young's L
. Tg Poisson’s
thermal expansion modulus .
6 (°C) ratio
(x 107°/°C) (GPa)
Resin 9 125 24.5 0.25
Die bond paste 86 - 2.8 0.4
Die pad 16.7 - 97 0.33
Si chip 2.6 - Stiffness matrix'"
X-ray CT X-ray CT image
inspection of test chip

system Package

\\\ Phase shifted
W moiré fringe patterns

m
) Phase-shift
Opening Sampling moiré method
the sealed package method

phase difference
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Fig. 4 Procedure of the proposed method

Il 7 bu=r REEFEGE Vol.22 No. 1 (2019) 97



34 BEHAHOUOTHORIERZE
WALIERNC X % 09 AR OFHli T T, Bl
EW) & WHRIGEE (RITROSE1E X SlikifE) ofr
EEREZZR TICHRZGT 5 EPLETHY, 20
MLERRIC TN PAELLEEE “ArTo0TFa &
Zoo THER RIS A LD T LIl b, 3.3 TR
7By, AUETRIENEY ($4hbH, QFP) Ol
FEET - 2D X BEEEE O, BIRFAEO72H—H.
mm%xﬁmﬁmﬁﬁambﬂﬁiﬁﬁzﬁféé 2)
728, QFP OBHRFHETT - #0 X MEHRIEHIE LIS “Fh”
MWELTLEW, “BRTOOTAR &ho THlEHERICHR
HEELEEL, £ TRIIETIE, DU O ECHldgs
EOTIUIL > TELZRPTOVTAROKIER 1T - 72,
AIfgETlx, ROV TAZRIETS2720ICF YY) 7
L—YarHoFy Tefwni, h, 2OFx) 7L —
varFy TR, FAMNFYTELTHERLETY TR
M L7z BEBOERTIE, (N7) Fv FTHAKTIE R
<, FRAMie S & FERICVER L 72 QFP 128\ C, HHIREIE L
SIREED D D F Wz, 2, SRl RO QFP & ¥ v )
TL—=YaryFy 7o) EbEEEHIITL2OTH
0, KRBT LLFEBEDNY 75—V THBHUEIZ R,
Fig. 5121%, F¥ V7L —yarF v 77L& XHCT
WBEOFMERT, T3, FHMINLEOQFP L ¥ v ) 7L —
YarFv T (RERTIIBIELZFHE L QFP) 250 &
b¥ (Fig.5(a), TAMNF v 7BIOFFY YT L -3 >
F v 7O CT Wifg % B%§ 5 (Fig. 5 (b)o &I, FEAMi%R D
QFP & ¥ x U T L—YarFy relinabeizTE, &F
fifix} % ® QFP OB NEFHE 2179 o Z D%, FHfixt R D QFP
(BHRBEEA) EFx U TL—YarFy 720 &bt
233, HEFAMN Y TIBIOFY)TL—varFy
7O CT W% %3 % (Fig. 5 (¢))o

Fig. 6 121k, ¥x VT VL—=YarvyF vy 72w
DOFTADOKIEFNA R, Fig. 6 (a) 1% Fig. 5 (b) II/RT
CTHAFICHIE L THB Y, Fig. 6 (b) 1 Fig. 5 (¢) IR CT
WECHBLTwb, Thbb, TAMNF Y FIZBWT
1%, Fig. 6 (a) & Fig. 6 (b) @ CT H{§H S XN B OF M
1%, QFP OBRE IR 2 O3 m L i AL E DT IS
LoTHELZANMTOOTADOWM 2 EHEA TS, —F
Fr)TL—varyF v FITBWTIE, Fig 6 (a) & Fig. 6
(b) @ CT WEH 5, FWRALEO T L > THEL S WA
DOTAOARDPHEMNENL, TZT, Fig. SITRLAESB
D, FMINGQFP L Fx ) TL—YaryFu 7 (FEEICIX
Wi % B L7z QFP) &M 0 &b 7 F FaFiit) 4 QFP
BRI E 217V, ZOMIERAEE - 2 ToOWmMF v 7D CT
Tl %2 17> Twb, D0, FFMEOTIIIL > TE
LAHRNTOOTARIE, TAMNF Yy TEFY)TL—V 3
VFvTTHRUER D, L2 T, TAMNF Y TOUT
HREFX)TL—varFy TOOTAOEGZNLZ L

98 IV 7 bu=r ZAEEFEFE Vol.22 No. 1 (2019)

- - - 1]
g 3 Test chip (Molded m Q Calibration chip

(a) Test chip Calibration
(Molded) chip

Gluing calibration chip

to test chip
o Taking CT images
(b) |:l],..:'tti‘j —  of test chip and
calibration chip
Unsealing molding resin _ _ ___ __.
of test chip l

(c)

) w3 Taking CT images
I:l]::;;j‘ . — of test chip and

calibration chip

Test chip (Opened)

Fig. 5 Procedure for taking CT images of test chip and cali-
bration chip

! Test chip Calibration
i (Molded) chip
: CT image

Unsealing molding resin
of test chip

__________________________________________________

Calibration

| (Opened) chip

Strain calculation
4 Strain calculation

Strain induced by v
“resin molding”
+ Apparent strain induced by ‘

“positional deviation”
Apparent strain induced by
“positional deviation”

Strain induced by
“resin molding”

Fig. 6 Calibration method of positional deviation

2E 5T, FAMF Y 7O QFP BHFHEN LI T 2 0§ &
IS A Z EHTE D (Fig. 6 (0))o

4. VY HFHERER

4.1 X#RGHER

Fig. 7121, EBRTHONIZT AN v 7BL 0%y
TL—3avyF v T EOAUNYTTY Y RO X CT
8% 7R3, Fig. 7 (a) B L U Fig. 7 (b) 13, FN-ENERIHE
B XOBIRRAE®ZO T A Ny 7O TH L. Tz,
Fig. 7 (¢) B L OFig. 7 (d) 1¥, £NF N Fig. 7 (a) B L U Fig.
70) ERBICHRELFY ) T L= a v Fy TORIERT
»Hbo Fig. TIORTEBENL505EBY), AunNy 77
Uy Re+0is5 2 E23CT& 5 XMCT Mgz H5 2
ENRTET,



“““““l ‘1““““'
‘T““““l ‘T““““l

Fig. 7 X-ray CT images of the Au bump grid on the chips (a)
Molded test chip, (b) Opened test chip,(c) Calibration
chip taken with (a), (d) Calibration chip taken with
(b)
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ment analysis of QFP
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Fig. 10 Wrapped phase distributions calculated by phase-
shifted method (a) Molded test chip, (b) Opened
test chip, (c) Calibration chip taking with (a), (d)
Calibration chip taking with (b)
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Table 2. Experimental results of normal strain ¢, at
the evaluated points in Fig. 9

Raw data Calibrated data
Point 1 —49%x 107" -5.6x 107"
Point 2 40x107* —94x107*
Point 3 3.0x 107 -8.0x 107"
Point 4 3.1%x107" -79% 107"
4x10°%
o] o]

% @ Calibrated data
w O Raw data
£ 0 W FEA
B
=
E
E —4x 107

0
- [ ]
-
—-8x 10t 5 L e
n
* |

Point 1 Point 2 Point 3 Point 4
Evaluation point

Fig. 13 Comparison between experimental results and FEA
results
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