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Fabrication and Reliability Test of Device Embedded Flexible Module
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Abstract

These days embedded technology may be the most significant development in the electronics industry.
The study focused on the development of active device embedding using flexible printed circuit in view of
process and materials. The authors fabricated 30um thickness Si chip without any crack, chipping defects
with a dicing before grinding process. In order to embed chips into flexible PCB, the chip pads on a chip
are connected to bonding pad on flexible PCB using an ACF film. After packaging, all sample were tested
by the O/S test and carried out the reliability test. All samples passed environmental reliability test. In the
future, this technology will be applied to the wearable electronics and flexible display in the variety of

electronics product.
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Z 71 AZ, thin wafer A2 3 A9 HZA S
ol g3t WZF 71} o5 7S A5, /g5 7R

< A71H 2= interconnect 3= FHLZ o] Zth
/s 71ds AAste 38 ZERAAE dubEo
2 FPC A#ste 383 fAFsAIRE dute]2 WA
AR BEs ARsP] fEiM w8k S 342 thin
wafer 71 71%, thin chip bonding 7|&, W& <
%= interconnection 3= 7|&oltt, & =FddlAe &
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FCCL, thin device® 8%1A| si waferg AH-SFATE.
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YERNIYE. Chip bumpe ®°] 15um, Ake|Z 50x
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A Y= 713 A7|d &L ACF Z2% o)¢
sto] FH3 BEHE silen, FHol 249¥ WF 7|
7} 95 7% resin flow ¥ E&AEE FIA7)7] 9
gl £ Al 50um FAY EHAE(bonding sheet)
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Fig. 1 Process mapping of device embedded electronic
module
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Dabsy chain A&

Interconnestion

Duaity chain B2

Fig. 2 Schematic diagram of chip and daisy chain
design structure

Table 1 Specifications of thin chip

Content Design Content Design
. " Daisy chain
Wafer size 8 line width 40um
L 2.0x2.0 Die outer line
Die size mm & text width 20um
Die pad Scribe lane
pitch 150um width 70um
Dle. pad 100x100 No. of pad 36ea
size um
Die pad Pad region 1.45x1.45
35um .
open size mm

Table 2 Characteristics of flexible material

Material | Company Property

- Particle size @ bum

- Particle type : Polymer/Ni/Au

- Particle density:)10,000pcs/mm2
- Thickness : 50um

Innox | - Solid contents : 30~35wt%

- Epoxy +Acryl base

- PI(12.5um) +Adhesive (35um)
- Solid contents : 30~35wt%
- Epoxy +Acryl base

ACF | Telephus

Bonding
Sheet

Coverlay| Innox

resist) 222 W@ °](coverlay) & AFE3le] A|ZH

ARse] F945 A skl
3 Ad 2t

3.1 Thin wafer H| %t

dulo]l~ WA AARES TE7] dEiMe gk F
7l FHol dedo=w gHHT E AFlAE thin

waferg AZsE7] flalA U¥HEQl thinning Z2A|2
7} ohd DBG(dicing before grinding) ¥H< 483

o] ¢F 30um A9 & AT 27 49 normal
grinding Z2A4|A9 DBG EZ2A|AS =213} i)

DBG Z2H|2= WA wafer 99| dicing 21 Wt
UG TR sawing & F wafer S-S 1219 o
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Fig. 3 Wafer thinning process: a) normal grinding
process and b) DBG process

8-9)

Fig. 4 8 wafer thinning image: a) normal grinding
process and b) DBG process

T ZEAAE T 2 e 7 o

- Grinding?rl 243} particle/contamination ©ll
28t wafer @12 brokene] glol & 714l

- Grinding ¥ A= warpage °f <3 g3 74
(Chip ©%l9] warpage)

- Qrinding & mounter 79 inline W% 7}&

- Grinding ¥ W9 wafer cleaning 5% 228

- Stress relief &% ¢l°] thin die packaging ©ll

& 7k

3.2 Thin chip bonding

Fig. 5 Top and cross-sectional image of 30um Si
chip
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Fig. 6 Scheme of ejecting and bonding tool: a) 1
pin ejecting nozzle, b) multi pin ejecting
nozzle and c) bonding tool shape and size
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Fig. 7 Experimental parameters of build-up process
and cross— sectional views
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34 Al BEE oplsl] Wil AF WAE HAge
2 Aok gt E=3k o]F Al8zte] delamination
WAE Sal WAEE wEA] FHgolyt g

3.4 Micro via interconnection

guje]lx WA ZUAE AARE A2 A g4 F
Az shrt WE/ds/tutel 2~ 7o) A714 e
sl A7Ae A8 Sl HEH-(interconnect) &
HEE Aolvh, dubAoR wiolag Hols FAshe
WHe A 47K H =7t ek

3.4.1 Conformal mask etching & CO- laser
drill process

WA PCBRAA 71 WHE&AHog AMste e
conformal mask etching& COs laser drill process
olty, o] FHL target Cu Y9 wet etching¥]
o7 AAT T Cu open® FHd| COy laser drill<
sto] viags FA3HA Fot. AT HE target pad?]
o14o 2 alignment accuracy@ie] ool i
v Al BRI W] Moz Qe AP viade
A&

g ek

3.4.2 COgz laser drill process

CO> laser? ARE3h= direct drill process@ A
target 7]¥o] FEWA ] (Black/Brown oxide, CZ
treatment) S &t Cu FHxZ o zxdd FF7x%
P & F HE Cu Opendd g§lo] 71| via &

& 93 Hxe] ofF % AH| H50]
dastan U Cu ®REAOR QF Overhang/
Cu burr/Under cut/Barrel shape®] #A1€ s}

a9

Fig. 8 Device embedded flexible substrate: a), b)
optical image, ¢) SAM image and d) X-ray
image

3.4.3 UV laser drill process

UV laser direct drill processE FPC/PKGE
substrate®] through hole @ micro viad] o] A}
4531 vy, UV laser beam size’} 5~20um=
micro via®l A& 7Fsstdt 774 WS Al 34 &8
Alzre] COp laser Hrp @ol AQu|m(2k5~104)),
COg laser power Ht} €353 PowerZ I3t UiF
Cu pad damage Z4o] o#Ht},

3.4.4 UV+CO2 laser drill process

o] FHL UV laser® Cu¥ opendtil CO. laser
2 resin drillg ot ZEAAE 1 stepl® U
target pad SIATe=A U, o5 Fd= Fd B
UV laserg %3¢ <40um via hole W-§ 7Fs3dltt.
HE9 Cu open 3% % FHAZE 8387 %71
ol process stepe] 4t wiolaz Hlo} 7k
g0l ofF sttt
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Table 3 Results of reliability test

Method
No Test Sample size Result
Standard Condition
1 Thermal shock test 22 unit KS C 0225 ~55T/10min~125C/10min, Pass
500 Cycle
High temperature & High . KS C 0221 . Y
2 humidity storage test 22 unit (IEC 60068-2-2) 857C, 85%RH, 96hr Pass
3 Accelerated Life Test 22 unit KS A 3004 ~40C/15min~40T/15min, Pass
1,1000 Cycle
4 MSL 22 unit |JEDEC J-STD-020D.1|30C, 60%RH, 192hr Pass
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12.5um/Adhesive 35um) AHE3t solder resist®
PAJ3slaL, finish plating=ENIG(Ni: 3um, Au:
Min 0.05um) -8ttt
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