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Abstract: We investigated the electrical properties of copolymer low-k materials that are compromised
of the PMSSQ(Poly Methyl Silsesquioxane)-based matrix with the BTMSE (Bis Tri Methoxy Silyl
Ethane) additives. We manufactured MIS-type test samples using the copolymer as the insulator and
measured their leakage current and failure time by means of the BTS (bias-temperature-stress) test. The
failure time was observed to decrease drastically when the porosity of the copolymer was increased over
30%. From the measurement of failure time with respect to temperature, the activation energy of Cu drift
through the copolymer was calculated to be 1.51 eV.
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Fig. 1. Schematic of PMSSQ copolymer.

o 20| spin-on Y-S 3L, 430°CoN A 147+
E9F curing 3HA HH F YenE 2719 71F
°] copolymer &2 5o A7]A €.

2.2 7 83e| MY bz i LS
FA ER AVHA AL Hrtske
& o8 kA7 e, 2 5 Bol AMEEZ 3L

3
.?_
zo)A] Ao E B0l A A sl 4H B
2 R S gebd 54 2ol A

R

B AcH?

Aol E A Zo positive %S HoFH, Cu ©]
22 FA71A §& WobA Fig. 29 2ol 4
B8 B3 si7|Hae] AW &0 2 o5 3}
Al "t} Cu o] 0] f74 2 YFo ol o
A 73g H7)go] AL olFE A3k dielec-
tric networkS 714 scatteringg Yo AA FH &
2 ol 57 &40 A7IAl Aot o]ZA ¥
AR 2R &4 992 f3 223 AR A4
3l A 3HE wapping ot & Ao 2 83
A Hed, ol 2 Qs APt fd Al Fell 4
oA &4 FGe
ol A7 sl 498 gt A=, olek X

Vgare >0 Ct)

diefectric

| sisubstmte E
I f heat
Fig. 2. BTS of MIS-capacitors to accelerate of Cu” into a
dielectric.

bias




A WS A FH EEA e ] Badel gigk 2714 A4 Pot 11

3t Z7}7% Al B(critical charge to breakdown)ol]
sty o397 4 skokd mebd A3 BTS
Z780 4 A7k 2 T [ F o] WatE 24
hH AAA T Folle T AF/7FFH3] Fo1st
1A fd =29 A 37 dojubA ek ¢
A= TTF(time to failure)E 10E™ A ©]4+2]
FAXAF7 £8 W2 Pk

2.3 MIS 7= A|H X|=}

718 EH 2 (100) HEFe] n-type A2 9015
€ AH&sFTh A 719 dry oxidation Y-S E-3)
A 1000A F7 9] Ataler-g F 289t} o) & A
FHl " 2bshet o] ol spin-on ZH S S
4000A 2] copolymerS Z2Fs}37 430°Col| A 1A 7}
&< curingS SFAATE 919k o] 8 HlojH ¢
e EA ks AHg et Balo 2 A A st
st low-k B A& 7|9 Alo] 9 A3}
T2 QP AW S 2as] sl E4)
ok 3Rk ol B 4lslute R4 HH
& S st Ao 9L 8] b £l A3t
= A3E 47 geh

DC magnetron Z2HE] & ©] 834 A& Imm dot
el 2] Al(4000 A )/ Ta(500 A )/Cu(4000A g Z=+
53t TDDB A 3§ A |2 7] FollA] 2o
2 S & A9E doF7] gl Cug
ArshE WA E7] fEl A AlS FEEE T 3
Cuét Ale] A% HE3A HE ZoM AH w
<ol dojutr] wF barrier 2R 2 E7rol| Tal
Z2slH T} Cu dote] &8 -2 barrier 22 0] g1
Th A A Cu dote] 7}E : Al Z Z o] H]E-0] 2500:1
o]7] W&ol S Atstoll ot F e FA| 5k T)
Rl e 2 A 71HRl 78 Aldl HEH A S £o)
7] fI3lA BE A2 o] Sl Al4000A)
< ST
o & FHE EF v A e
9 ocug F%

¢}

£
NS
N
N
%

8

nace A 7x107torr, 350°C2] Z 713

A2 E FolA ARE AP 2H Cu &
2kl QJojA thE @9ld o3 FgFE HA4 3 5
22} 3k S E Al B REE Z4SF

33 e},

Al
Ta
L fCU; i

Thermal oxide
Si
Al

Fig. 3. Schematic of sample structure for TDDB and C-V
test.
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Fig. 4. Porogen contents dependence of copolymer failure
time.
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Table 1. Comparing Activation Energy of Diffusivities for
Al(Cu) and Cu

Al(Cu) Cu
Surface 0.7-09 eV 0.5-13eV
Bulk 1.4 eV 22 eV
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