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In order to cope with the recent technical trend; larger size wafer production and
thinnner packaging, a new photodefinable polyimide is demanded that can produce
smaller wafer curvature (wafer stress) after curing and also can attain higher pattern
accuracy and finer pattern performance. For this purpose, we have designed a new base
polyimide with high i-line transparency as a precursor and a low coefficient of thermal
expansion after curing. After introducing of a photosensitive group into this polymer,
we evaluated the patterning performance and cured film properties of the polyimide.
We found that this material has the advantages of high sensitivity, high resolution, high
heat resistance, and low thermal expansion, which resulting in low wafer stress. This
paper describes the material design and the typical characteristics of this newly devel-
oped material.
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Fig. 1 The outline of the photosensitive polyimide processing
High i-line transparency of the precursor and low coefficient of thermal
expansion after curing is expected of a new polyimide.
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Fig. 2 Design of molecular structure for highly i-line compatible low wafer stress polyimide
A discontinuous 1t system and twisted structure was introduced into the aromatic system to attain high i-line transparency;
straight line structure after thermal imidization was designed to attain low wafer stress.
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Fig. 3 Temperature profiles of the wafer stress
HD-LSXB has smaller difference in the coefficient of thermal expansion from
the silicon wafer, resulting in lower wafer stress.

HD-LSXBO O OOOOOO4000 00000000000
Ooooobobooooooooooooooooobooooooa
oooooooooooooobooooobiloMPab OO OO
oooboooooboooooooooobooooooooon
ooobooooboooooobooooobooboooooobooon
gooooooooooooboloooooooobooooo
oooooooooooooobooobooooooooboo
ooogo40000000000O070GPaDO0OOOOOODOO
10x 100 0™mO0 000000000000 oO0oob0Ooboon

28 0000000000000 No.38 2002-10



ogooooo0ooooooooooboooooboooobooooo
oboooo

oooboooooooobooobooooobooooobooooboao
oooboooooobooobooooobooooooooo
ooooooobooobooooooobooboo™Mmooooooboo
oooootoooouoooouoooouooooooao
OBTDAO O OOOOOOO0OOOOOO0OOODDEODOOOOO
O0000O000DbOO0O0000OO0O43x 1000 goooagee
Jo.01300000OHD-LSXBOOOOOOOOOo.a600000O
Oo00oo0ooo0oboooooooooodDb-LsXBO oo oo
ooooooooooooooooooooooooooo
oooooooooooooo

HD-LSXBO OO OOOOOOOODOOOooOoOOooooo
sofJ4000 0000000000 0O0O0OO0OOOOOOOO
oboOodlrDMSOOOOOOOO0OOOOO0OOOOPL-3708000
oobo0ooboo0ooooobooboo0ooooooooooboon
ooboo0oobooooooooobooooooooboobon
HD-LSXBO OO OOOOOsSuOO1ou0000000000
oMPaD OO ODOOO0DOOOODODOOO

40 -
a1
He s0r f
$s
22 -
=% PL-3708
o8 20
oE HD-LSXB
Us
0w
m]
= 10 -
0 1 1 1 J
325 350 375 400 425
oooooom

Curing temperature (CI )

0000000 o10pmo
O Cured film thickness is 10pm

ogoooooooobooboOo0 oooooooooooOooooooogon
35004000 00000000000 O0OOOOO

Fig. 4 Curing temperature and wafer stress
Although the wafer stress for HD-LSXB varies in the curing temperature
range of 35000 400 O, it is smaller compared with that for PL-3708.
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Fig. 5 Film thickness and wafer stress
The wafer stress for HD-LSXB is lower than that for PL-3708 in the practical
film thickness of 500 10um.
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Table 1 Film properties of HD-LSXB
HD-LSXB has physical properties superior to those of non-photosensitive
polyimide.

oy HD-LSXB | PIX-3400
Items
Oooooo0ooMpPald
Tensile strength MPall 300 152
goooooboo
ElongationC 0 O 20 15
Ooo0o0ocGcprPad
Elastic modulusO GPaO 70 2.7
oooooooxi1o08eopobig 10 55
Coefficient of thermal expansiond x 1060 0 U1
gooooobooog
Glass transition temperature] O O 0 400 296
ooooooooomoo
1% weight loss temperatured 0 O 410 450
oooood
Adhesiond hO 0 500 0 500
00000 1KHz, 50%RH, 230 0 29 32
Dielectric constantd] 1KHz, 50%RH, 230 O ’ ’

000 0OSio20PCTO 1250 0 2% 105Pal 0O O O O
U Substrate: SiO2, PCT: 12501, 2x 105Pa, Cross-cut test
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Table 2 Example of patterning process conditions

oooo oooo
oooo Thin film Thick film
Process e . .
specification | specification
oo 1,000r/min, 10s
Coating 2,000r/min, 10s
ooooo 800, 100s 950, 100s
Prebaking 950, 100s | 1100, 100s
oooooooog
Film thickness after prebaking 10um 20Km
pooooooooo 100mJ/em2 | 200mJ/cm?
Exposurel i-line stepper]
oooooDboo
Developmentd Puddle method 30sx 2 60sx 2
oopoo
Film thickness after development oHm 19um
OoDooooooLoso 3um Aum
Opening mask sizeld L&S) H H
OooDoobDOoDoooDOooD
Post baking 4000 , 60min
0 Diffusion tube, N2atomosphere]
ooobooo
Film thickness after post baking SHm 10um

15736 5.0 kV X3.50K 8.57em
Oo0DooOoOoOoseMOon
goooooooood

Fig. 6 SEM photograph after development

ooooooodz2umd0O0O0000004um

4um line and space was obtained at 20um thickness of prebaked film.
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Fig. 7 Photo conversion rate and i-line exposure time
Compared with the conventional polyimide with low coefficient of thermal
expansion, HD-LSXB has higher photo reaction rate.
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