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Failure analysis of flip integrated circuits based on acoustic microscopy C-scan

detection technology

LI Dengke, WANG Gaokai
( China Airborne Missile Academy, Luoyang 471009, China )

Abstract: With the widespread application of flip-chip integrated circuits in electronic products and the

increasingly prominent issue of their failures, the requirements for their failure analysis technology have become

increasingly demanding. The relationship among the transducer frequency, amplifier gain, and integrated circuits

flip-chip thickness in C-scan mode of the acoustic microscope was explored. It was found that the clarity of ultrasonic

scanning images was effectively improved with the increase in transducer frequency; at the same frequency, as the chip

thickness increased, the gain of the amplifier was needed to be increased to ensure imaging quality. Furthermore, the

application scenarios of acoustic microscopic C-scan detection technology in the failure analysis of flip-chip integrated

circuits were investigated. The results indicated that this technology can nondestructively detect defects such as

voids, delamination, and cracks inside flip-chip devices, enabling accurate judgment of failure mechanisms.

Key words: scanning acoustic microscope; flip chip; failure analysis; delamination; chip crack

B2 B FL I 7R 3% A8 0 I B JR B 3 1o A AT
A SARZHF M RRIE R R B HME R 1 & R s A2 2
TR, ATIFGRIRR L PR AR 1 2B
TERGEHAY, B HAR IS HE W E 7=
R E B — AT, TFRZ B 2 1 e T,

WrsE . 2024-10-29

EEEIA: 28RHA979—), B, Wi, m g TR, 2 AL
D HEL B TEASURSE I Ty ] YRI5 A

HWEMEE . T Edl, 1352457297(@qq.com

PO BRI — R ek i R HR, v LU B
HIR T A 51 i BRI, A8 E L5 I
T HER FNEFAERON , B R BT T2 A /
(/O P BERIRCR, B28) 2 N 452560
TR B, BB AT TR RBHE T
BRI L L 28 T2 A 2R =
P T 51 20 4 i R S 5 F N T 2 AR R, 2R A A
FEL B T 5 0 0 7 1 2 A8 AU, , PR % e A RS
{51125 42 i % P SR R W LA T

2025 FE EATHEE2H
Pt



SBH,%.
BT ¥R C ER AR HBIE R BB A M A

FEE B A —FhOT fEPREE IR AR T B, 7R
P T AR FR RO T B A T Z . SR
TR L B, WIS TR S A Gl C AR
IEEAR B He REAR IR R AR 45 AL R R =3
T3] 19 56 28 DA B A0 0 £ i Pl g UL R SR RO, I
TR B FRL B ) T FHAR SR T T 5 BRI

1 BIERERBESEFAMEAR

1.1 BISc&ER g

12124 £ 1 Fb s LR 5 R BN P 1) BT, MR
B MRUON RS R DT B R TE R R AR5
FI1(h) P19 s 25t s e IR TR A 1™
SRRER B R BN AR b, AR TR
SRR i T SR Ak R B CTE )

et by ikt by

(% 03

it Jig 7ol

i e A

00O POOOOS ee

BGAM B SEW
(a) ISR B RE L
(E el YRR ek R RTA T 6 A EA AN =N

(b) EERMEMRSEN

N

FHZEREK, S E3Z BIH It 0 R 5 M ) % e ik
AIRE S BT 2L, 51 RERFIIRE SR M T Rk
i B 22 5O DG i %) [ AT, 308 5 23 08 R R A =2 1]
FEA—BIRFEBAE G h)Z . TR RW, IR AT
DI R TR S 55 F5 4, PRUE SR 1 T

JEE 70 ) 3 7T ) R TR R T YA Y T Al R
G, FESE R B0E e — I R 38 1 5 AT SIO, ik
ARG, TSR ER IR I ER T, v G
SR IR A 2 TR X 3 ) A 28 BRadE A T T 40
76, FEI ARG 78 2 Eb 5 760 R R 22 [ g
TIKFEME . B 7 RST A3 K, I Fe e i 7o i 1%
OS] 3k G 2 S R R4 2, ST S R AR A R
B, S MBI AR R ERE, I, B X AR (R
AR I R 11 2 3003 M = B R 08 I T A O 1 Bt
JEFF .
1.2 AEFRAFHHAR

P EEF R AR JE T I AN AR 1 —Ff, BT L
S B RS AR /N Gl o 1 B T R ARG A
PR AR 55 IO B AR 1 RE T e an 2 1
N, AL AR R LA AR Al | AR IR | 5
15 58 LA SO0/ N R 1A ARSI 2R 508 v S5 A
WM S R PR A A AR X (30 4 B T
JRIBLATHT

F1 FEFAEEAREERTHRQURAB R EXT L

" e
l\
0 AR X Kl R BER
TERE Y 2 2 bR & bR )
st RN
i) WOEAT SR ) WOERTFRIAE) [‘Ef;;%@f* R oo e IF OB )
e S 5 R CERPR T P B R A BT
BN R PR R s R e
S R R 7 a
e det XA ot AT B4 A & AR AT AR A AT
Hol s HeC AT 1 S LA ) HeC AR ) HeC Bl A BT ) BeC e A THRAE RIS )

PEEEFMROR R B A R S 7 B2 5ok
SRR AT REAFAERYBRIE , Je—Fhd FH e
ORI F-Be o AR TR 34 s [ WL 1(b ) sk
FTAGHI , RSIMIRRE 5B T HCERR A i PR BE SR &
I GE LB TR, R A I A S R
WO P O R R AT . C R A A R
g — M TAERE, T B R Bl A (5 51
B 27 11, SIS TR] 27 11 PN A7 A5 5 I  Xo BR
PEAT 2=y T7 R I3, e mdl i 5 A B R G
JRAZAV- T B —HE IR PR P2 i C 3 I £
R B8 BSAGJEr BER A) P E P AR AN [R] PS BELAA S T Ak

225 FEEATBELH
Pt iatonl]

) S A 26 5, A B — 75 25 ) T PR i ) 7 BEL AR Ak
HEITAS ZIRE S NIRRT FE IR, BeAh, AT
FCAb A RE, 25 S 75 BRI O, Wi 27 1 il C 44
RSB AT FFL BRI BIBE ouak, T LAPRASI
AP RN TR RN RSB , AEFLBR ISR AR &
(ARSI AN ARS8 oA Tt R ELAG T2 A o e

AN )46 Rl i 0T DL 7= A AN () 450 5 1 P, 3
R P P R R, BB, B AR B Y R
Oy PRI . H I B BE AR P DR A4 30, 50,
100 MHz, H:#1 30 MHz #e GE#5 A A2 554 13 mm, il
] 73 HEE0 50 pm, fa) 43334 16. 5 pm; 50 MHz



BH.%,
TP EH C R BA KB B B B ST

H)DIH#%

BeRE R AR A 12 mm, Bl 0 R k30 pm, B 0]
ArHER A 10 pmy 100 MHz e GE % 19 £ 5 8 mm,
Shia] 3 PEE R 15 pm, B HER N 5 pme AR
J&( 200, 500, 800 pm ) Fts i FEAN RIS R4 BE A4S T
() 75 A R R 2 7, AR (R X 58,
T A 43 5 4 15 mm X 15 mm, 20 mm X 15 mm Hl
20 mm X 20 mm, AS[FIFFEA T 7 R #5315
EEI AR . B 20 LUK B, B RE R A R G 2

LI

(b) 50 MHz-200 pm

(a) 30 MHz-200 pm

N

i o PR UG T B A T AR,
FiJELE SIS , 75 2 i O 2 )3 4 R PRAIE AR5
i RS, BEE AR A, e Red £k
SRS DA L, ISR AR PR RO DTS T R 2
BORABATE 4, T w85 40P 9 e i o ) e ol e 2 o
i:ﬁT%ﬁlH&%ﬂ%ﬂﬁm% [EY O
fio PRI, FE A 243 AR oo a1t 4T R AL
GG, REYEPR I (B BE AR AR LA GRAIE AR I

(e) 100 MHz-200 pm

(d) 30 MHz-500 pm

L]

() 30 MHz-800 pm

(e) 50 MHz-500 pm

(h) 50 MHz-800 pm

(f) 100 MHz-500 pm

(i) 100 MHz-800 pm

K2 AREEERE R TEA RIS S A 2 T B 2 i R

2 BISEEREEKS T

2 DA R R RS £ 2 4 v 5 O 101,
FE TP S A R A 8 2 A R B K B A

M o
2.1 EREKHE
TR {5 2 £ R EE S T R RS, A R

T & B A R STV coner XF LKL B, OB 5 1 A
L % A B JF T 5l Keithley 4 200-SCS B J8 %
Xof LA H 5 | R e e 1 AT I, O [ EL P Y
T Vo 5 LY LI - LR R 26 Gn T 3 s o D
W RN —1~1V, 2B K K0.01 V, R A H
1 mA, Mg R unE 3Ca) pras, vl LLUEZ BER T 78
T BT, 3 R | RN i A A /N e A 2 4 A IR
HLRAE AT, SR R B R 52 5 aE— 25 ki) Fi e 03
LHE —5~5mV, KA K0, 1 mV, BRI 5K
1 mA, MERLEFAE 3(b) FioR, 0] L& Bk

| DX Ml H R AE — 1. 6~1. 6 mV/ [ia) &% 3 i it i BH
R, W TR BHZ R 1. 6 Q, R ftH 5]
JEIXGT M St B RS

AU L 7 A A PG S R AL G ] 4
o AR B TS I AP AT DLk 3 BGA K BR 7 A
BI5], o B0 B 0 B B G, W05 HEBR 1 I
I Rl 2 3 R B AT RE . oA T i — D AR
1Y 2R AL, 1 2 25 B L3R T ) RO 4 i i
B A(h ) Ry 25 B 55 AU i 1 9 TE T AP LI, & e
FRERA )2 KA AR, AHIHBRRTT 2
el , 5 FH A AILTE WERIHE 08 i e T i PR DT 25 BR 5 F-ade
a2, SR T YRS 2 R FE 5 R A
REZR LI — AR R 1, N T T a1 AR
PRI, fiff FH 75 2% C S EOR A TR, 0 5o A
TR TR )Z , B AE A2 R 50 MHz, £ 5 FE A
20 mmX 20 mm, R 53 #5415 dB, 15 2 14

2025 FE EATHEE2H
Pt



SBH,%.
BT ¥R C ER AR HBIE R BB A M A

1.0}
0.5}
2 o =
2 by
0.5t
-1.0 . . ;
-1.0 -0.5 0 0.5 1.0
L HE/V L /mV
(a) -1~1V (b) -5~5 mV

B3 ANTE R IESEREI AR Veenr SRR - BT HTZR

-

(a) FHHESII

(c) ERRBEREER (d) 1Bk IR IR R R RN 12
KR R SN GIRERE R VTS G

KGN 4Cc) B, aTLUR BURSERS S SN 8 T T RSS2 , T U v s A Bkt
RHRE G R R R D, MR RRE S TS REE, SBOINR AR SCREMHTS A
FR IR BRI R IRER AR RIRAS R DRI TR ISTIAT A R R , DA T 28
JRFEAFAEIZ , RS AR BRI 73 IR ALBRIE 7 1), BRI 1T i B HERR AR

I, R 4Cd) s o 2.2 ARG
N T REIZAS P AL R AR A AR S Sl B H TR SRR AR A AR K 2RO ]

ARCAIE 9 5 ORGP 2 JZ AT 2R T R ER A B 5 R AR MR 040 2 R0 A A AL )
fr 8 BB 5Ca) Fron, nl W AHSR A s BR IR, S 245t i o BN S R i 4 Sl . 5
FAE M BN E . O TIRIEES A AR B BAAAE BRI A pll e R e 2 R B AR , AR S 2 B
S AT B R T ER A AT T B O 2 AT BT, B g R T D Keithley 4 200-
FERNIE (b)) FiR , K R B R R TEHLR AR SCS T % e — 21 i A S Fi AT,
B s o 1 D IR . £ B IR A SR AT, RN —1~1V, 2K K0.01 V, BRI H N

225 FEEATBELH
Pt iatonl]



&
=T

B, 2,
FE R C FHmMNE AR A B2 R B IR KT

=
F

it 46t

(a) OSEEREIRT R

5

1 mA, W75 2 By oL g - iR Zean 8l 6(a) Fiow,
AIULER 70, 1 pA S 078 S M i e A RS D 2] B i
FIRELTE , 12 S S T BB A I B L - FR R AP
AT ERGE SR A S AT b T B ST KA

1 0% 453 T8 i AR RAATTT 5B, e LA IE 3 oA UL B
WBSE [ WE6(h )] fiH X STt g gty vt 1
i, KA SR A 6( ¢ ) B, #4036 p Sl
N ERZEAE A DL B R B o RORST e il W AR BOR
(IR T3, T3 S BOE S S B AN R St 2 fR) e
O TR WL R AR, Sk — 20 AR R AL
FH, A PP 27 5 C AR BAS AT oA, 75
HFI K 30 MHz, £ 78 Kl 24 30 mm X 30 mm, jif

101

0.5

-0.5

0
HLUE/V
(a) Bif-FE

(o) XGHEkia LR

(b) &R BHEHIR

SRR ER IR OB S B R RS

REFH £ 0 13 dB. o B CHME RN 6(d )
Jit7i, Al LR g AR A7 A B A BT 5 AT, e
HBRAE S R P AR B, BOG B s X g
LA REAG DN 2 e R BUBR s, (H 7 AR AN TR A Jot Y
FrAL 22 K R SR AN TR, 7 S RO X LB A A
I AR g, AT AR B0 R A ARl /N R
L L IRMNRKEE R, HEWTAR PRI 2 B A S 2 i
SRR, BE— %A Bz e O 1 SR
JRE Al s, RO IC ™ A A R T S i BT B AR A
or, A A2 B A HIT o R S i
BRI T MR IEIRLE , A4 T IR
kA

(b) EBRATRHIFIRE

(d) FERMCHAERK
6 R R - A A 2  EBRIATUS B S R X SR 4 AT 2 B C HEE

2025 FE EATE E2H
TR



SBH,%.
BT ¥R C ER AR HBIE R BB A M A

w
1
&

e IR T (5% 2 L s X 5, M A7 5 8 7
CHMH AT H ML BHEAT TIRA ST, 13 L
TEE.

(1) 7 S Bk C 314 P 0355 i 38 I 5 46 B e 0
RIS T s AHFEBR T, WS R, 7
B oy TR A 08 £ A PRUE R B 5 A [ J52 B A
Fir B BE AR A A, TRIRE 5 B4R g OR A H
s R BRI E T

(2) 7R 2 AR T LATCA5UR T 3 8] 20 42 1
N RR A 2T | 732 S SR B , R DR M
I3 SRR N 5 1A ] oAy {5115 4 i e f 1 Joit
PR SRR R T AR S

SE K
(1] k&%, XBmehl, £, % 5 BRI AR B

BER BT A (1), R BEE(L ), 2023, 53(10);

2027-2067.
[2] KIM G, SON K, LEE J H, et al. Size effect on the

electromigration characteristics of flip chip Ph-free solder

225 FEEATBELH
Pt iatonl]

(3]

[5]

6]

[7]

(8]

[9]

[10]

N

bumps [J]. Electronic Materials Letters, 2022, 18(5):
431-439.

MIKI T, NAGATA M, SONODA H, et al. Si-
backside protection circuits against physical security
attacks on flip-chip devices [J]. IEEE Journal of Solid-
State Circuits, 2020, 55(10): 2747-2755.

B Flip Chip B3 415 KRR T 5 B 1
W5 [D]. ©ifd: Bz Ry, 2017,

WiTs . AT E 7 B 0 R 854 43 Hr i ot (D). 1
RS R 2019.

TRAE . BRI XA Y (D). it . b EREBE
FiAENFRT, 2001

XUFR, BBk, B IR, 55 S5 b HE B DIl i
il [J]. JEHU , 2024, 46(10): 81-87.

ARIGETS .U TR 4 v A 7 A D AL B 5 A 12 W
JPEWE [D]. Joth : TR R, 2021,

G 8% (B B PR TR ST BR800 A S A
£ [D]. BT AR, 2020.

NG F C, ABAS A, NASHRUDIN M N, et al.
Analytical and numerical analyses of filling progression
and void formation in flip-chip underfill encapsulation
process [J]. Soldering &. Surface Mount Technology,
2022, 34(4): 193-202.



