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Plasma Dicing Environment
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Plasma Dicing-The next step in evolution of die singulation SPTS
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Plasma Dicing

Cleaving
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The Benefits of Dicing with Plasma P TS

m Limited Damage
m Bosch etch creates clean scallops
m No vibrations, debris, water
m Increased die strength
m Yield improvement
m Die Density
m Narrower dicing lanes
m Die shape/location can be varied
m Throughput
m Parallel process
m Largely independent of die size
m Cluster approach for higher output/floor area
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m Properties of tapes have been designed for traditional
dicing techniques =
m The mechanical stresses of saw dicing
m Thermal challenges of full cut laser dicing
m The UV transparency for back-side stealth dicing

m [ape performance needs to be characterised for plasma
dicing to ensure successful damage free die pick-up
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Can we use standard

dicing tapes for
Plasma Dicing?
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m Out-gassing and thermal performance of tape
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m Elongation and tensile strength measurement

JUOD

m Plasma exposure and adhesive curing (SFg &
O, plasma)

m Die pick-up force measurement (saw diced
versus plasma diced die)
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| +«—Vacuum Collet

Tapestretched and dies picked ... .... .. . . .
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Fully Processed wafer

‘Wafer frame mounted on tape

Typical use of e

ta p e d U ri N g = Wafer plasma diced to singulation

vy Ay i B R
LA A A

dicing and die e, DNBERBRHRNANS

|
p | C k_ u p Tape UV irradiated from back-side

| «~Vacuum Collet
Tape stretched and dies picked B
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What is plasma dicing? SPT5

Flucrine free radicals +ve

The “Bosch” Process  [Fieseil]

CF, molecules

m Sietch process : .

m Repeating loops
Phase 1 Polymer dep

Phase 2 Polymer removal
Phase 3 Isotropic Si etch

=
@

Fluorine free radicals +ve ions
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Dicing tape performance inaplasma P TS
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m Dicing tape tests were performed using a Rapier S Plasma
dicing module

m [ests were performed on PO (Polyolefin) & PVC
(Polyvinylchloride) tapes of varying adhesive strengths

A dual source plasma reactor designed for high
silicon etch rate with low cross wafer non-uniformit

Rapier S Plasma Dicing

PrOCeSS MOdUIG . . Primary Gas Inlet

Primary (DSi) source —
Bell jar chamber with RF

at 13.56MH:z Primary plasma

ulm | \| Secondary gas inlets
Secondary (ICP) ‘
source — Ceramic ‘ t
chamber with RF at \
13.56MHz

Secondary plasma

Chilled platen with
ESC, electrostatically
clamping the tape
Frame Cover Ring L framed wafer.

used to protect the

frame from plasma RF driven platen
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Tape outgassing & thermal performance
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¢

What happens when tape out-gasses and why is it important?

Substrate warms during the
exothermic etch process. 40 - 60°C.

Silicon Substrate

Multi-directional force
exerted from pocket of gas

® ®
Tape Base Fillm

|
\J

«

\ﬁi "% _Gas Blister
[ e © o‘ Oy ~ P * o ° e o
TapeAdl:;ﬁe l.ayfl.: ‘f/ + \; ...ﬂ 4'4: . .OA-IO.. .0:
"o °© % ® ; I'

S,

Tape out-gassing can cause
gas blister underneath thinned
wafer causing declamp or
substrate damage

This presentation and the information contained vwrgpﬂ /‘Lgﬂe property of SPTS Technologies and is confidential. Any duplication, disclosure, distribution, dissemination or copying
of this presentation or its contents or use for any purpose other than that for which it is supplied is strictly prohibited, without the prior written consent of SPTS Technologies.
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Electrostatic gripping force clamps wafer to ESC

Note.— during the Dicing
Tape Fitness Test, there
is no Back Side Helium
cooling deployed.

Multi-directional force exerted
from pocket of gas

Electro Static Chuck

V clamp
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$”7 Volatile components within the tape base film

%® Volatile components within the tape adhesive layer
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Tape performance results SPTS)
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;

uelpuawy/:dny wouy papeo)

m Polyolefin tapes with low to medium adhesive strength and
thinner base film demonstrated best results

61 02/ipd-ajo1e/s80U8I18)U0D-sdBWI/WOD ssaidus| e

Base & -
TapeD | Base Fim dheste | adhesie octoreiaer vy | Agerge| Riskol
[um [mN/25mm]
PO10 PO 80/5 4900/80 190 | Very low
PO9 PO 8015 2800/160 190 | Very low
POS8 PO 80/10 4100/120 175 Low )
PO7 PO 80/10 1960/200 174 Low Note ! The out-gassing &
PO6 PO 80/5 800/800 17 4 Low thermal performance
PET1 PET 25/10 13800/220 174 Low test uses a highly
PO5 PO 80/10 880/880 16.4 Low aggressive etch to allow
PO11 PO 110/100 8580/30 160 | Medium differentiation between
PO4 PO 80/5 4400/100 156 | Medium tapes.
PO2 PO 80/15 12300/690 130 | Medium
PO3 PO 80/5 8400/750 128 | Medium s
PO1 PO-ESD 80/5 47001100 78 | Medium %
PVC3 PVC‘SSE[';' P- 80/10 3300/320 48 High B
PVC2 PVC-other 80/10 3300/320 30 High
PVC1 | PVC-DEHP 80/10 2800/290 27 High
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Tape elongation and tensiie strength PTS

m Elongation & tensile strength was measured after

dus||e’uelpuswy//:dyy wolj papeo| a

exposure to different plasma or non-plasma environments
= Heat

m Vacuum
m Individual gas plasma
m Partial plasma dicing process

m Tapes Used:
m LINTEC UV Tapes PO2 & PO10
m LINTEC UV Tape PVC1

sa.d-0dp-6102-1 67-08€2/5580912/681 L 00/0dA/61.0Z/4Pd-8]01HE/SB0UBIS,

Tape stretched during

elongation and tensile
strength tests
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Tape elongation and tensile strength

S

P

TS

An éorbofech Company

Tape PO10 - CD Elongation curve on Baseline Tape versus

exposure to different plasma species

;
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40 r
o CFy O,
SF4 plasma exposure or UV irradiation
35 F . 4
have greatest effect on elongation and X /
. tensile strength properties
L \\
\\
. . iy N
55 | This adhesive critical S o
— elastic yield point is seen S S
4 SN =
— as a bump on the ~
= 20 : ~ )
< elongation trace. 8 c
) Q =
~ © &
15 © ch
© Q)
LL =
» | = :
10 > |
) [
s Stretch required for damage free die pick is in
the range 1-10 % - No problem after plasma dice
0 1 1 1 1 1 J
0.00 100.00 200.00 300.00 400.00 500.00 600.00
Elongation [%]
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Tape elongation and tensiie strength OPTS

Micro tears caused by firmly attached adhesive limiting tape expansion

e | S— ¢

20pm EHT = 10.00 KV

500 X 28 e 2017
WD = 4.8mm D485H_CD_SF6_02jpg InLens. SPTS

20 m EHT = 1000 kv 20 Apr 2018

500 X 202008 GPTS,
500X
D-485H LV eposed CO02pg  InLems ._.._) WD 71 mm D4BSH 25ips HR Process COD g InLens SPTS

UV irradiation SFg Plasma Dicing Plasma

Similar looking SEM images for samples UV irradiated or exposed to SF4 or dicing plasma
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20pm EHT = 10.00 &V 500X 25 Apr 2017 20 30 pm EHT = 10.00 kv 500 X
b EHT = 10,00k 500 20401 2018

M WO = 48 mm D485H_CO_Ar_02jpg InLons S_'PT_)S [ WD A MHXE e 02 piam €001 jpg ':l_n PTS) WD 7.5 mm D-485H C4F8 plasma CDODjog  InLens ,__/
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Ar Plasma O, Plasma C,Fg Plasma

Similar looking SEM images for samples exposed to Ar, O, and C,F; plasma
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Tape elongation and tensile strength

SPTS

An éorbofech Company

UV sensitive Adhesive cured from UV wavelengths within SF; plasma spectra

Micro tears caused by firmly attached
adhesive limiting tape expansion

EHT = 10.00 KV 500 %
WD = 48mm D485H_CD_SFE_02 jpg

25 Apr 2047

SPTS)

InLens

S
=
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20 e EHT = 10,00 kv 2O0KX 25#;!2!!1]' SP
WD = 48 mm D485H_CD_SFE_03 jpg ____..-)
Wavelength of UV recommended for adheéion release is around 365nm SF, Plasma Spectra
__ 35000 x —
£ 30000
S 25000 .
8 20000 .
= 15000 =
210000 - : | f
G 1000 T,
c o N IM | [ .l
o 5000 = bl 2 V0 = a Vb A A Y A W
- O_ﬁ’ L] \.«.....-.A._N_I\M——
£ ovgoomoomrxwr\\—toomoucor\c\l@oﬁgwmmmmmo%r\‘—gr\ommmmLooo\—mcooo\—mmooom BLNODOANM
N~ ONMNMULWOWOND-—ATWOOOODN AN OO NML N~ O TOTOLOOIOIONNMTUOMNOIIONM BONO O
TEFrAANANANANANNOOOOONONTITITTTTTOOLOOOOLOOOOOOOONMNNMNNMNMNMNMNMNMNMNDNMNDNOWOOW O 00 00 0 0 O &

Wavelength (nm)
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Plasma exposure and adhesive curing P TS

m Further investigation into a link between plasma exposure
and the adhesive curing process
m SFgplasma and O, plasma

Plasma generated photonic energy

AdheSive Peel Strength Reactive gas species’ from plasma
measurement after e
plasma exposure
w0 * e [* ]

Dicing Frame

PO10 Dicing tape
200mm silicon wafer

\  POI10 Tapmi to be exposed to SFs or O; plasma

ESC (electrostatic chuck)

This presentation and the information contained vwrgpﬂ %Ql?é property of SPTS Technologies and is confidential. Any duplication, disclosure, distribution, dissemination or copying
© 2019 SPTS Technologies of this presentation or its contents or use for any purpose other than that for which it is supplied is strictly prohibited, without the prior written consent of SPTS Technologies.
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Plasma exposure and adhesive curing P TS

m Plasma exposure can trigger the adhesive curing process
m Curing rate dependent on plasma species & exposure time

Ji0o°ssaiduajje:ueipuawy/:dpy wous papeojdioq

Plasma exposure effect on PO10 adhesive strength

7.00 ¢

Z 600 581 l I g
g 50 94 S (PRSiE 4.41 g
& 400 | | g
£ 300 | 2
3 200 | 2
3
3 1o 019 008 %
o"° 000((\ '\6\\(\\ \fo%‘ \@9(@ \@9((@ \@9((\% \o° © \0‘5((\% \fa%((\’b \fo‘"’(@ \@9‘({0 Q\’b((\Q %

&\?}Q '&‘QQ o 6\@\ ((Q,Q Q@,Q \,{Q,Q Q@Q &%t ¥ @f Q o §

e\\(\e N QQ%\e\\ Q"O Q o° \65 Q)Q% QQ% %QQ% 'bge Q)Q% \(196 rbgg"o @ 2 g

o o) S o> g
@’b @6‘ Q\>\\ IS
¢

SFg plasma exposure cures UV adhesive faster than O, plasma
60s SF; plasma — 99% cured 60s O, plasma only 60% cured

6 2 ;
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Die Pick-Up Force Measurement::-- SPTS
(plasma dicing v saw dicing) R

dusjje uelpuswy//:dyy woly papeodMoq
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m 10x10mm die size
m Plasma diced @ SPTS (dicing kerf widths of 10, 20 and 40um).

m Saw diced @ LINTEC Corporation Research Centre in Japan
40um kerf widths

JUOD

m lapes
m UV tapes PO2 - soft adhesive P010 — hard adhesive

sa.d-0dp-6102-1 67-08€2/5580912/681 L 00/0dA/61.0Z/4Pd-8]01HE/SB0UBIS,
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Die Pick-Up Force Measurement SPTS

An =) orbotech. Company
Tape expanded 5mm
Vacuum collet grips top side of die

Peel end & Collet with chip
successful transfers for
peel-off ~packaging

i =
mn -

™

L//:dpy woly papeo|Umoq

Needle set pushed upward to

separate die from tape

Propagation

Peeling at
of pg—iel

chip edge

i
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Needle load (N) is related to the pick-up force
required for successful die separation from tape

LINTEC journal paper — N. Saiki, K. Inaba, K. Kishimoto, H. Seno, and K. Ebe, "Study on peeling behaviour in pick-up process

of IC chip with adhesive tapes," Journal of Solid Mechanics and Materials Engineering, vol. 4, no. 7, pp. 1051-1060, 2010
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Die Pick-Up Force Measurement - Results SPTS

An é orbotech. Company

m PO10 tape (hard adhesive)

m Pick-up force on plasma diced dies comparable with saw diced die

10x10mm Die Pick-Up Force measurements from PO10
Plasma dicing versus saw diced wafers

Plasma 40um Plasma 20um Plasma 10um Saw 40um

O PO2 tape (soft adhesive)

m Pick-up force measurement on plasma diced & saw diced

€20z Arenuer g0 uo 3senb Aq ypd'g90 Ley) uonejusesald-odp-61.02-L61Y-08€2/SG80972/681 LOO/C)dC]/SI.OZ/de'QIQ!lJQISQQUQJGJUOQ'SdEUJ!/UJOO'Sg!?dUGIIE'UE!D!JGUJ/FC’IN woyy papeojuMoqg

samples not possible
m Post UV adhesive strength not designed for 10x10mm devices
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C o n c I u S i O n isit www.imapsource.org for more papers S P T S
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m Adhesive curing is triggered by plasma exposure
m Limited to dicing lane area at singulation
m  No detrimental effect at die pick-up

m Plasma dicing has minimal effects on tape elongation and tensile
strength — no problem during tape stretch

m Selection of tape should be tailored for die size, die
thickness & plasma dicing etch rate

Can we use standard

dicing tapes for
Plasma Dicing?

. This presentation and the information contained WIIgpf}gQ;% property of SPTS Technologies and is confidential. Any duplication, disclosure, distribution, dissemination or copying
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