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A semiconductor package and a method of forming the same are provided. The semiconductor package
includes a package substrate, a semiconductor device, an underfill element, and a groove. The semiconductor
device is bonded to the surface of the package substrate through multiple electrical connectors. The underfill
element is formed between the semiconductor device and the surface of the package substrate to surround
and protect the electrical connectors. The underfill element includes a fillet portion that extends laterally
beyond the periphery of the semiconductor device and is formed along the periphery of the semiconductor
device. The groove is formed in the fillet portion and spaced apart from the periphery of the semiconductor
device.
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(53]

A semiconductor package and a method of forming the same are provided. The
semiconductor package includes a package substrate, a semiconductor device, an
underfill element, and a groove. The semiconductor device is bonded to the surface
of the package substrate through multiple electrical connectors. The underfill
element is formed between the semiconductor device and the surface of the package
substrate to surround and protect the electrical connectors. The underfill element
includes a fillet portion that extends laterally beyond the periphery of the
semiconductor device and is formed along the periphery of the semiconductor device.

The groove is formed in the fillet portion and spaced apart from the periphery of the
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semiconductor device.

[FEEREKE] B2AE

[RE Rk EEERA )
20:719T
20A: 55—
20B:55 Ml
224845 &
24 FFERH
26:(3B—)FERS ST
28:(55 ) FEAS ST
34 JEEME Rt
36: %%}
38 E LG
380: /@1t
2B =
40:- - ERG IS E
42:EHE R
WA E—FE
42B:E R
44 FE&E T
46:JEEE TR T

0503-B39677TWF B2H > #H3HEHRERE

111102805 FEHESE A0202



I811971

460:77iRER
460A:4NZH]
48:[U[1E
A&,
VADSILE

[rrfbE2=] I -

0503-B39677TWF 553 0 3 HEHETE
111102805 RELM A0202



I811971

CEEERTLEE D
Lo S 0 ] RS KLk 7%

[ 3£ W 228 24 f% ] SEMICONDUCTOR PACKAGE AND METHOD FOR

FORMING THE SAME
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[0001] AS&IHE e Bl (4 5H i —fE-FERR SRl - Frala AR —E
£ I ER L FE 7 AR B (underfill fillet portion) o B MIFE Ry ERg £ 4 K EL k5

e
[oeRidsdin ]

[0002] -FERSEEMANSHEE T ERT - FlaE A B - T35 - B
Ar A% DL R HoA B 155 1A A B AN Z FIRFP RSB G T &

BEEMEEGE - U H e etz B S E AR e i TR 2L
PIAEH B RRER&A A TT (A oK S - HAR AR B o % {F A RS & % (integrated
circuits > 1Cs) 3l & &AL B - Ehe 5 Bl F8E - H LBl EHY {8 Sk s
VIR AR RS BIRS L TR DI oy 1 - S (S ML o BB B e a0 2%
i AR AH B AR Ay B A o

[0003) — i/ Ny EASE EFAZ 3 & R 4B (flip chip chip-
scale package » FcCSP) » Horbr 251G St ¢ (B B O E B AR b1 (o A 25 8 L B
PEEAAR - I R ERE e T NN 2 i B LRI BV IR o LURE P8RS
S fIL ] E F AR © BRI i 45 DA - ER8 Sh b Y LR R R AR E RAER

0503-B39677TWF 1 H > #£28 HEEBHRHSE)

111102805 FEHESE A0202



I811971

e e T (Footprint B BEE S « FRERIFIT AT EHRAT S — M » R R St
R S TR RS -

[0004] B AT TR R A B8 B DUR B L TR B 19 (BP0
RRALATE HE 2 S AT -

[IANE]

[0005)] AtEFE—SLEHHFE0t—fa-FEREE - Frit-FERE it
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BIREER - FEREE - REMETE LA LURAE R ENE - B E R E ]

BEENAIRIE < F o [RESE TR LA AR L B R B AR R AR R ] -
JEERE e LM B i F) L ke - B R AR B RIS NE I & -1 B RGBT NE TP
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[ERFE o DA T R AS AR (4 R E R D ey E eI A A TEFE - &8 0 i3
LB BE (F Ryl - WA aZ DAIR E A fa Ba 0y & - fla0 - FESRHE 5
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fEERE o
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i (entirely) ; ~ " 5E%(completely) ; ~ " FrF@ll) , FOVEREH - {LEAOE
SN R T EAL ) BRI E S - fIN9S%EE S o FrhliE99%
S 0 BLfEL00% © RESL - BIaD T EA EAPA T B T EA REE ) ARV
FERRRERA DR AR R E M BRI IMRZE - L BT AT s S 2 10° R fRE -
RE T EA R AERRR ToEa, o Bl T ARA B S (substantially free) ; YHY4H
GYALLESEEARY -

[0012]) BiRsEpEREsR R 45 S FEMBVAEE - B0 " &9, - JERRRERA
HEPRAHEI R R E R R B R TR M2 » I H BT ] BLiE = 2 10%8 Y fr= ©
PREEXHIARE " 49, ATREFoRX+5E10% -

[0013]) TRIZASE FE S (EE a2t — - EREE R EP W E - —
EE N (IHY — LL 238 (variations) th 45 5w o LS (A EADR I E G5 > 11
[FIHyS2H RSN T ERI T -

[0014] RIF—EFHH > —FH -1 ERGEHEE B A TR EE T E IRV
it B R E RN E R -FER R BN E G RRAY R A E oA El
B A U - AE—SEEHEAI - o] DRI - RS B A T By = e T & sk A
B - TERFEE LT E ARV AL - AU > BECEUA ERRE R
[EIH B FE TL A A 2 350 (coupling effect) {8 » fie M °T LU/ INEGER AR 24
TERRAERE PAEE P E AR ET] - G551 - B ] DR (EEEE T RS B B R
(BIan - BB )R B - TEifE = R (F RS AT i 5tk -

[0015] T A ERYE S (context) 2RI AL E FEH] - BI{E 4 TRAG RIS
(two and a half dimensional integrated circuit > 2.5DIC)4E 1B = 4ETERS B FE (three

dimensional IC - 3DIC)&&#E T B o /1 AR BCEA LB R BYEHERIT - 1£
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B S B I 2 DA (1 R S s ot (e P AR B S0y FLA S
St R T A S 5 B (3 ) B ) T 88 P B T L o
ISR - B T RS A BRI T LU B AT - (LA A B
Iy TR LA T RSB F S (T H 5B

[0016] 45 1AE % 55 BRI — B BEHEH » — [ R SEaTTH Ay
(o RIS R D ] © — oS R SR s B A 2 O P s A
ek -

[0017] 4 1AM HRYS — L BFHEH] - 7ERLEE102 FIRRP /20 «
B8 1 OF A (e AT B o R Duild-up) T S48 R P (BT T PR
Gl o BERI0T USSR « BRE - MBS o AR
o7 b E A BRI -

[0018) #RiE—LEETHE] » LEFAPL /1202 Al » BEAIRE 12T LA BAE
BABI0.- » W IABFTT o BRI 1257 (% S5 (polymer-based HHH AT -
S 24 % (Light-To-Heat-Conversion + LTHCO)MRDTFHY » H A /L L EVEST (1)
0> EEDEH) T8 » FETT T AR B | OB (e AR SR UL 453
B o EAREEREHIT » R 2 I S SIS (epoxy-based) VBT Kk thermal-
release materia)JZ Rk » E sk B r&Fa10 | -

[0019] #RIE—LLEHE) - o/ H20TU AR 12 1 - 171 JB20 A
FR B A P 1 S R B — B SR PO M B AT

c E—ESEHEHIE B0 AP BRE  FEEHEEG > B
B AL FIRLEIAE (I » BIE - BAE - BEES) - mBAE
Rl > o E20EAEEL F R L B R B B S B -

0503-B39677TWF 566 H > £ 28 HEEBHRHE)

111102805 FEHESE A0202



I811971

[0020] FRIZ—EHHEB) - o /& 20 K B 65 5 77 ffi €R & (redistribution
line » RDL)&STEHY/MEEEMR - AISE1ABFTR - oo drERasta o] DLELE 2 /&
BVEGE 22D K G E22E G 2 (B BB R R4 - BEFE24 T LIEET
KAV E iR BB R RV BB RS A EE T E EIR AR ERNEEIELL
(conductive vias) ~ DL SREEAE H 1 200 Wi B Y MAIZR 1 AR (4 M EE JE e 427
filg¥4(contact pads) - JEEHERHYE - F1AETATRHYE 7GRS IEHV RIS &
e RG] R E HA A R R IR A e R -

[0021] B /@22 ] WIS — R SRR - et
BLHE TR E 1 (polybenzoxazole » PBO) ~ Zfifi i fi% (polyimide - PI) - 27 55 Hfsf
g~ —ESRHA BRI - G - eSO T - eV
BHEYCEIERY - IR PUE FDCWM S SRR AL G g 22 T P Rl L W 2 [ 2R Y B
[0« fE—SLHAMF AT - — s iVEgE22 BB SYIME LIS MY
T EM BB - EMR T ERERE ~ R(E - S bW ~ SRl ~ —2%
FEEM SRR~ B E -

[0022] FEFER 24 0] GLFEECHTH ~ 85~ & > 86~ 2k~ 8B - R - 4
K~ —ERESAEHA SRV BRI - SR ER - AL EEAT - BB
BRARIEZ(# T - BPI2KER - BEEEREAEE 2 (f TR (B AV - s/
SR/ ~ SRVER/ER - sn/elERER - H SR 2 (AT ~ B ) -

[0023] _E#EE 7> R SR & SERERTI R AT A K AR DA E AT AR ~ 2 (H
Bz bR ~ /BT BRI -

[0024] JiRRECEMBAE AT ANPGRS E K /BCEERE - JITREE AR

T2 ] BRI R B - B (electroplating) BUAE - {LEE#E (electroless)BUAE - {k

0503-B39677TWF BTH > 28 HEHHRHSE)
111102805 FERLE A0202



I811971

E2 SR AH JL 5 (chemical vapor deposition » CVD)##e ~ #1358 MH /) 14 (physical
vapor deposition > PVD)EIFE - [ 1J&))[#& (atomic layer deposition » ALD)EIFE -
— B A A AR B ~ BHAE S -

[0025]) [EZFALRAE 0] R B AL iRV 48 & g K/ 8P IV R &g -
FAERRE AR e B - e ERIBL R (B0 - R ARELEAE - BT R
LRS- BUE T AREFLAAR) - 2SI - PRIREE LR  — M A i R
B - BCHAHE -

[0026] ~PHALHIAR 0] FIHY R T ERHV 4R 45 Jg Ko/ BIE Ry B ER g fR 30
ATERE - IR R E B - PIH(ERRE ] is i b s 8t ~ (EEEAR T

(chemical mechanical polishing » CMP)&IF2 « —B¢ % fhH A8 Ay 8UAE ~ 4l

E
[

A
=

[0027] H—SLHAEFEAIT CREIR) » T @205% 1 Eie A - s
Al (bulk)FEEGHEM ~ 8% & B (silicon-on-insulator > SODEA ~ B4 e I
7 #¥ (germanium-on-insulator » GODEAR % o711 @ 200y - EAG AL o] Kby
#% ~ (LAY BB (EIER S - R(ERY - BE8E - BE(EER - BR(ESR - BB - &
/B sEEHR) ~ & FER(EFESIGe ~ GaAsP ~ AllnAs ~ AlGaAs ~ GalnAs ~
GalnP -~ }/5¢GalnAsP) ~ BCHIR & - o] DAFE A HoAth Betly - 1130 2 g siisp e
B e 9120 0] LUEHERERY (doped) BRIZFERY (undoped) ©

[0028] &= &+l (through-vias » TVs)a] DU A - E RS Al Tl B 2 -5
AR B - DARZ A @ 20 i IRy AR EFR AL e R - 28 0] DIE 4T @208y
o4 B8 Ol E AR 1 M o 700 = (W et - A =L P b =28 WV =11 o :
B 4R EEHE) - LURR4R » T RE 1B FL R/ A S 1R fE Y A R AN <RI
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FEA] » BAE A P -

[0029]) ZFIBEIRHIRIE—SEEHG] - - EHS&k26 K - E A8 Fifr 281
PEERE20 - fEREEEIE 2 A7 > o] DAERfla0fs BRI E T B (pick-and-
place tool);iF - B8 R 261 - B S SR 28 I B AT HH 7 1 200 55 —(HI20A (10 -
Fiiomey AR 2 b o B ES kI 26 K 21 LS & K 28 1] DLAN 56 1B &l Frm 2S5 47
B E o] A HAN M E T ECARRETE R -

[0030) FE—LLEHEMIF - FEISHANL26 F - EES FH28 v LA FE—E
2 ([l FE B SR (0 2 S B B BE 7T (central processing unit » CPU)SHL ~ BT EZ R
B 7T (graphics processing unit - GPU) & i ~ 3 55 0] 45 12 & (& %1 (field-
programmable gate array » FPGA) KL - 455 72 i€ F 7% B8 B 1% (application specific
integrated circuit » ASIC)Sir + Z45 885 H (system-on-chip » SOC) Sk ~ Z&fks
5

(BIAnE) REME % 7 EURC IS A% (dynamic random access memory * DRAM)EHY - AFRE

il

& fm F (system-on-integrated-chip » SoIC) ST ~ FAIZEHI 28 I ) ~ BL

FEtF L EC R Ae (static random access memory » SRAM) S fL ~ S EECEAS (high
bandwidth memory » HBM) ffir 55) ~ Th=RE B G (B 400 RE BB RS T K
(power management integrated circuit * PMIC) & Hir) ~ & #H(radio frequency ° RF)
erir ~ EORTES SRRz~ i BB Z2 4F (micro-electro-mechanical-system » MEMS) &
ML~ (E9RE AL (BT (557t fa H (digital signal processing > DSP){EAL) ~ Al

Uit ot (BUANAALL R ki (analog front-end » AFE)HDTFEC EAll 2 & - 1A EAS

Im

RL26A0 - BLAG Sh 28 HH By — {8 1] DAGI A0 48 18 ) 2 | 4 8l D B D - A
(KB ECH 2 (AR Ae SRS SR ) LURS - 208 54 B 77 15 25 BB -1 RS S 2k
s -
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[0031]) fE—EEEHEIT - FERR SR 26(FE I Ry 5h— - B AS FfL26)

RO 250G SRR 28 (AL G A /5 55 - G St 28) B AR (R [ DAE Ay A [F) A HY
BTEE - BOKER - B—FER R0 mMaEEE - % T Eiea28

LR B AT LIS R R A BGL IR HEE) o ] LUEH-FERR 26
FI-FERGFR28HY HAMAH & » fE—ELH M EHEHIF - B —RARIA - B AG FHI B
21 WAREAS [FI R Y - BRG] DS B A T /820 F -

[0032] tRIZ—EEHP - AEHEELT T E20 5 2% » FER R
26 k- ERGFMI28 W LUB S B it 5 7 B 11820 » BlaniE B A - &
A% fm ML 26/28 | HYERE L3082 1 /120 F Y B B ES 321 (B B REEL - 4156
IBIEIFTR -

[0033]) tRIZ—SEEHG] - SRR ZHT - ZEEITA30(FI0 - HEH)
A DA R A SR TR A {1 88 7 kir 26/28 89 EBHIE (B4 - Forey T 22 A 2%
BORER).E - BEITA30A BN ~ #0 ~ & > 86 > gk~ - —2EHEE
e @maERt » B SRR - Wl PAE SRR (B E0E - EEE
(placement process) ~ E[JJil[%AE ~ P/ SRR FREAE « (EELRAEDIENE - —=&
FEH ARV ~ SRHAH SR -

[0034] HRIBF—LEEHH] - SEAERGHE2EIES B 20D AL BT
3202 FRUEBERGIA  (FkE)322 - BfEEEH320ME B EE3228V EE
ST 32 I AR Ry (WY B (micro bumps) © FEREGRIRE 2R > BEGM320] LUPRL
FEFFET TG 2087 55— M20ARY R B (1 — BB R E 24D | - BB
3200 LIRS ~ &5 > &~ 88~ 88 > HAACWY) ~ SREESRVEEM R > 1A
LlmaHEsE ~ ElIwl ~ 5% ~ (LE25E  (LESRMEDIEFRAEI K - &E1E3207]
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LU R Y (solder-free) - W B A EA FE EHYMIEE - 585 E3220 GFF
& 0 WH] LUE A G0 8 g SRR AY 98 7 (plating) 3R TP L ©

[0035) ASHIE mE il A\ G A v DAFRAEE] - $RHE L E E B LERE32R B
TSR IARY BHY - G A S B AEH 320y Hofth &5 R th o] DA E Y - SROI2KER - 4E
— S H M E R A PR &322

[0036]) P2 88 ki 26 K - A ki 28 B o /2 20 7 ARV #E & T LUE AR
PG ERCEES BN - FHEES - IRIE—SEHE - - E88 5k
26 k- EAS SR 28 i MR U RE S 2 o /1 20 - AE[ElIRiEfE g - EERE )
I B - 2B G R 26 K - 2B AG R KL 28 Y 27 B RE M 0 P o1 e 201 7 B RE AR L 2
il AR T2 HS S 26 B TS AT S 28 W BR A BB AR RE 2 o /1 20 - 1~ 2ERG ki
261~ EAG S AL 28 PR L W] DU i P g 20 4 2

[0037) SEICEIREMRIE —LEHE] - £ /E202 B REREE ST
{4:34 © EEREFETCAF34Z AL T E208955 —MI20A 7 | - DAESE (RaEAL
RS RI26 K BT S HI28 T YR EE R - LUK I 5 - RS S 26 K -
As arof 28 B T 1 B 20 [y RE - R — LB f] - S ERENE T3 4H T
PERSFRI26 KRS HI28 ~ 200 R H E R L RV R (AR - HE
B T (R EAE AR 5SS R 26 B~ BT Sl ki 28 2 FETHYFETIS G(2: L2581 BIE])
FHIE T340 - WHICEFTR -

[0038]) JEERIEFE LR34 R EFEE B BIBIE - FIU0 R ERE TEA
(underfill material) - EREME FEA K} Al RFEER S AT HE - fiAE - HERATRL - HETTRE
JBCH | (stress release agent > SRA) ~ BiREH| ~ HAth & @ayArt « BiHs e - fE—LE

4
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BHGIT > RREHYRENE SO R B VR 5T 25 B T o g - G S kL 26 K S
ML 28H YIRS I - M AT E U B A BT RS AR 26/28 B2 5 1120
ZEWERR S - DI (EEE R ) R A E A ERoaE - ARl iR - JEED
AT BN B LA BRI A ST LR34 -

[0039] FICEE RERE—LEHHA > AT M E20 2 ER L E
36 o HEEIOEIEAL T 1200 E—([20A 2 | - DUBISRD PR -1~ A8 ok
26 ~ “-FERFM28LUR KENE L34 - AL —EHAME T - FIRRIKE A
FeoLi34 > BB fE36 n] i —b AL 2 -1 EAG Tt 26 [ RS SR 28 B of /g
20 2 eI IR o DA Sl O 2 B Pk -

[0040) fE—SLEHEWIF - & E360m A M@ - Flanss
i (molding material) » fRELA R Al BT S YRR > G0 E S ECH A EREY
REE I - AL —SEHT > HEAORH G REETEERDED O BCE
TMIE202 F o B ERR S HI26 k- EAG A28 gl s B S (R - 1 ERg Mk
26 k- EAG AL 28R IR HARB AR B ) - AL —EEHEMT - AERERZEE
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