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UV Laser Releasable Temporary Bonding Materials
for Fan-Out Wafer Level Package (FO-WLP)
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Temporary bonding/de-bonding (TBDB) technology in a FO-WLP process is required to adapt to a low tempera-

ture process because of the potential for damage in handling the thin molded compound embedding dies. We have

developed laser releasable TBDB materials for low temperature bonding processes that enable UV laser release with

high throughput and low thermal/mechanical stress. The developed TBDB materials consist of two layers, an adhesive

layer and a release layer. The appropriate wafer bonding temperature can be controlled by the molecular weight of the

polymer which is the main component of the adhesive material. Good bonding property has been seen, even at 160 °C

by adopting the lowest molecular weight polymer. On the other hand, the release layer material exhibits excellent
stability that allows for fabrication of RDLs directly onto the layer to give a stacked structure in the Chip-last (RDL-first)
method. The laser energies preferred for wafer release processes are 130 mJ/cm’ for a 308 nm excimer laser and

190 mJ/cm’ for a 355 nm YAG. These materials will be promising for advancements of FO-WLP applications.
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Figure 1 Illustration of conventional BGA and FO-WLP.
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Figure 2 Temporary bonding/de-bonding (TBDB) in
representative FO-WLP process.
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Table 1 De-bonding system comparison

Ttem The_rmal Mechanical Solvent Laser
slide : : :
+ s é
e B =
Operation Hich Room Room Room
temperature | ®" | temperature _ temperature © temperature
Mechanical . o : :
stress Intermediate Hig Low Low
Throughput ~15wph i ~20wph : ~10wph i >40wph
Carrier wafer | Silicon : Silicon @ orordted o g
: carrier

Table 2 Characteristics comparison of laser wavelength

Item
308 nm

355 nm

Laser wavelength

532 nm 1064 nm

Mechanism Photonic cleavage

Photonic cleavage

Thermal or Photonic Thermal degradation

Thermal effect Low damage

Low damage

Intermediate High thermal damage

Equipment cost Intermediate (excimer)

Low (solid state)

Low (solid state) Low (solid state)
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Figure 3 Layout of laser releasable temporary bonding
material in FO-WLP.
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Adhesion property
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Figure 4 Polymer designs of temporary bonding materials.
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1. Bonding

Glass carrier coated with TBDB materials

N

Epoxy molding compound (EMC)

Thermo-compresion

&2 boudine

2. Observation

Figure 5 Thermo-compression bonding procedure.
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Figure 6 Shear viscosity curves of adhesive materials.
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sive-Al, Adhesive-A2, Adhesive-A3 &3 5.

Table 3IZHEAE M B OEMEZRT. Adhesive-Al &
Adhesive-A2 L Z T 5 &, FIERMTNHE D% 2203
LNBTEEBRVTEENICHEOYEZ R L. &
oA Adhesive-A3 1, 7T AR (Tg) 1&
5 CTdh o 7225 B REE Mo 288 & i L TR
MK T L7z, 22T, Adhesive-A3IZFEMNYTRIEHMK
W TH 575, TBDBZ7 Ot AIZBWTIRFAFAESNS
boEEz, fil EMHFHGZIT-72.

42 TINESHER

EMC &, RIEMEZEE LTI AFy ) T L
@ Thermo-compression bonding (Figure 5) OfEH %
Table 412 LD 5. &b E 5T EOD Adhesive-Al D515,
RY T4 7 ZIRE220 CLLETHIER R A KR RO %N
a2 RoN0z—HT, 200 COREYA&ETIER
4 Bl 7z, Adhesive-A2 TIZZDBEFIF180 T
Y7 ML, E5612 Adhesive-A3Tl2160 C TR IS
T INERDZENTE (Table 5). INHOFERNS,
BIFRARIRAR Y 74 ¥ 7 072012, R F2ER ) < —#
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Table 3 Film properties of adhesive materials

Adhesive material

Adhesive-Al Adhesive-A2 Adhesive-A3
Molecular weight of main polymer (relative ratio) 1.00 0.82 043
Glass transition temperature 90 °C 90 °C 89 °C
Tensile strength 62 MPa 62 MPa 52 MPa
Elongation 170 % 130 % 11 %
Elastic modulus 14 GPa 15 GPa 1.3 GPa
Thermal decomposition temperature (1 % weight loss under Nz) > 350 °C > 350 °C > 350 °C

a. By gel permeation chromatography (GPC)

Table 4 EMC bonding test results

Bonding temperature ['C]

130 200

Adhesive-Al
Mw relative ratio 1.0 | |
Adhesive-A2
Mw relative ratio 0.82 h T ‘ |
Adhesive-A3 N - | |
Mw relative ratio 043 | | |
* Error : void or delamination exist Pass : no void and no delamination

Table 5 Bonded pairs of EMC and glass carrier wafer with Adhesive-A3

Bonding

temperature

Observations

minor void No void No void No void
No delamination No delamination No delamination No delamination

RABERTHLZEbhb. T, HHABORA N5 Adhesive-A3%# W5 Z & T, WEEMIKIRTH T4 %0
HEOBEFUREE T O AWK % Figure 52 HHEE T 5 &, D LHEL TEZEERD.

EMCL AT AF ) 7T BHICINET 5121, AW, F/2, K5 TERY) ~—% 8 L7 Adhesive-A3 DI
JEIZ1000 Pas L FIZT TN H B 2 LA0h5b. Mis BMEARERET AR, YVIVIINETTAFYYT L
KEORA Fi&, BUEMEOSEA T TY Z hiien v DAY INEHCTRAR T A 21T o7 TORERE,
TAHEIZHAET B, UMD EADITERTEE 25 Mt oML 2 48 L 200 THB L 18220 CTTO1R
Na, B FER)—@EHICI VR ANREEE L7 B OMEGREROBIZORA ¥, FIIA8—Tay, EF
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Table 6 Thermal stress test results of bonded pairs of silicon wafer and glass carrier with Adhesive-A3

After bonding

Observations

After thermal test

200 °C / 1 hr

220°C /1 hr

No void
No delamination

No void
No delamination
No wafer shift

No void
No delamination
No wafer shift

MBI S g, BAF 2 #ME 2R L7z (Table 6). PLL
&1, Adhesive-A31ZFO-WLPIZ3RD SN BRI &
LML E AWML TEY, FHEMETHLLE
Ao,
4.3 FIEEEM

UV L —H— DG X o TENY T FIEEEREZ 58
212, V=Y —T7L—a r2REOHD T
WHEPHICHE R &, BILHEMZA A ENEETH L.
Z 072012, FEEREAENE R UV IRIEE ) 255K
OoLNS. FEEEM AN, 512, Chiplast (RDLAirst)
BIZBWTRDLEZE LIDERTE ST OEWEENED
DEEEIND, FIEEREMEZIERT 2 TR v —I21,
WUV L —H— RG24 59 572012, 30w UV
oy FEEPEACEALZ MRAT, SHICENRE
2T DL, R —FHHMTHICE D EET S
RETOBEEALEA R L7z, Figure 7I2HIBEEORELC
3 AHEBEOT Ty MERTH, 308 nm, 355 nm g
NP R LT EBETIEF IR ERRD R LN
FEI2PE 5 308 nm A HEANCIIN L, 500 nm OEET
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Figure 7 Transmittance of release layer material
at 308 nm and 355 nm.

1 %A D& 2 E W L 7.

WIZ, FBEREM R QLA Ol 2 17 5 72, Tk
ELTETTATIN EAFEEM B Z AY ya— B X
AL L, Fi4e OB HIIRIET 5 2 & T % 3
WCEHBEEMSE72. 22T, BESBERICOWTIRE
AR DBIEZALDS £ 10% AN TH 5 2 & & Fkifk & L CHf
L, 2D, 799 7RI ENB EOENR N L
PR THEROEL Lz, L LTE7+ M)V T T
T4 — IR ETHRTHOONLERER, 7+ L
DA NRHEEE, BERALKE, TR, TMAHIZO TRl
L7:. Table 7IC2F L DR HDH2E Y, AEHZ
il 2 DALFEIIT L CRVIEEZE T2 D TH -7,

L— -, B ca— LTI AFXYT
LA Adhesive-Al Ca— L7z )2y kD
300 mm AT INEHWTITo72 UVREE LTI
35 nmDYAGL—H—BLU308 nmDXeClmF T~
L—H—L 2@l L7z, fERo7 I A MBIV ) ay
T %2 GBS TBIEE L 7 R % Table 81”9, L —

Table 7 Chemical resistance of release layer material

Chemicals Condition Result
Acetone 25 °C/10 min Pass
PGME 25 °C/10 min Pass
PGMEA 25 °C/10 min Pass

Isopropyl alchol 25 “C/10 min Pass

PR stripper 60 °C/30 min Pass

Hydrogen peroxide aq.(30 %) | 50 ‘C/10 min Pass

Sulfuric acid ag. (10 %) 25 °C/30 min Pass

25 “C/10 min Pass

TMAH aq. (238 %)

Pass: Film thickness change is within * 10 % and no appearance change
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Table 8 Laser release results of 300 mm bonded silicon wafer and glass carrier

Laser wavelength Irradiated condition

Laser release

Optical micrograph through the glass carrier

308 nm 130 mJ/cm’

OK

355 nm 190 mJ/cm’

OK

PG SNz ) T IR EERE RS SRS TE
D, BELLTVDEIEDRDNDE. WTROEEDIR
VA D, FEEREAMENZ200 m]/cm’ LR O AV
FBETHHIN, TORR, B2 5T %L
WiE TNZ 28— XIZHBET 52 EA3TE72 300 mm
T INIROFNHECEET B HRERIZ 308 nm L — % —TH
605, 355 nm L —H—TOHLUNTHY, HEEDOT
T —2a ilEoTEHAN—T Y NOHEEDHETH >
72. EMCw % Adhesive-Al & ##EE & THE Y A8 7
AT A T/MIELTDH, 355 nmD UV L —H—REHT
XV FEGHTHEET 52 L3 TE T
L——FEEHIE, T AW, AT THIE
HIRIEM ZHESICBRETRETH S, 7754 27 il
DA ENLZ, Y a vk, EMCLEOWFh G BEEE
FNC X D EaChrFETE. —T0, AIAF Y ) THNCHE
L CEHBEREA R B b e L —F =T 7L —va v
IORBLENTHEY, Z20OBREICZ0, 7T X~ 2
L7z, ZOME, FEEBERETEECHREINTEY,
HIAFY )T OFFAHEREE L7

5 F&H
HHOWX, HAEREME, REERE O 2/ 5755 UV

L — =M AR 2 B L7z B AR L
T, B0 AEEESTREROI Y Pa—IUZ X ) FET] hE
THY, LM NGT-ED Adhesive-ASIZEMC & 75 A
Fy )7 L2160 CTRIFICMETRTH 7. —F, #
BEREAEHI UV L — 5 — R LSRRI EN 7RI %
AT REITH Y, BT AVF—oWH], 7N ANDS
A=V, 7 a - AR ORIRE TREE L7z, T ORE,
AR TS L7z NE, 308 nm 3B X U8355 nm
OWTNOPEEDOL —F =1L ->Td, 200 m]/cm* LT
DOAEMIHTHESICHEETRRTH 572 T-FHE TR
BOWEICHLTY Y ary b, EMC Eowdhd i
HBHNSTES BRI TH o7z 3612, FEEET
#}iZ Chip-last (RDL-Afirst) 70 AD 754 ARG B
T, FIEERE LB RDL 2K 5 OIS TR b2 5
HEhH LTS DEORENS, HHESORIEL 72K
1EREHE, FO-WLPH:4#o TBDB 71t 2125k L CT+45
LWEEVEERTEEZONS.
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