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Hans Barth,

Systems and Performance Urmi Ray Alexis Farcy, FigE gz
Michele Stucchi
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Passive Devices Hans Barth
Jon Candelaria, Sitaram Arkalgud, Michel Stucchi, EESE Y- RE E—
3D Sesh Ramaswami, Eric Beyne Shin-Puu Jen
Philip Garrou, James Lu y 9
Flash BAE R, SeH &3
DRAM Gilheyun Choi, Sang Hoon Ahn, Nohjung

Kwak, Jaeyoung Yang, Hanchon Lee
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Interconnect scope ar d

e Conductors and dielectrics
— Starts at contacts
— Metal 1 through global levels
— Includes the pre-metal dielectric (PMD)
e Associated planarization
e Necessary etch, strip and cleans
e Embedded passives
e Global and intermediate TSVs for 3D
e Reliability and system and performance issues

e "Needs"” based replaced by — scaled, equivalently scaled or
functional diversity drivers.
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Table INTC3 Flash Interconnect Technology Requirements

Year of Production 2012 2013 2014 2015 2016 2017 2025 2026
Flash V2 Pitch (nm) (un-contacted Poly) 20 18 17 15 14.2 13.0 8.0 8.0
DRAM Yz Pitch (nm) (contacted) 32 28 25 23 20.0 17.9 7.1 6.3
MPUASIC Metal 1 V2 Pitch (nm)(contacted) 32 27 24 21 18.9 16.9 6.7 6.0
Number of metal layers 3-4 34 3-4 3-4 3-4 3-4 34 34
Metal 1w iring 1/2 pitch (nm) * 20 18 17 0 0 0
Interlevel metal 1 insulator — max. effective dielectric constant (k) ** 4.61 4.62 4.62
Interlevel metal 1 insulator — min. effective dielectric constant (k) *** 2.69 2.711 2.68
Metal 1 A/R (for Cu) 2.0 2.0 2.0 0 0 0
Conductor effective resistivity (uQ-cm) (for Cu) 7.0 7.5 7.9 8.5 4. 4.
Specific via resistance (Q—cr’r12) 9.7E-09 8.9E-09 8.2E-09 7.5E-09 09 0 09 0
Contact A/R 29 31
Specific contact resistance (Q-cmz) 5.0E-07 5.0E-07 0 0 0 0 0 0
M1 Scale Trend M1 Interlayer Structure Contact Aspect Ratio
45 Structure (a) W/ 0] Alrgap Structure (b) W/ Alrgap o 70
40 —NAND flash =
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Table INTC2 MPU Interconnect Technology Requirements

Year of Production | 2012 | 2013 | 2014 | 2015 | 25
METAL 1 (¥)—%{RE)&CutbiEin
Barrier/cladding thickness (for Cu Metal 1 26 24 21 1.9 p— J T - - -
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Source: James Clarke and Boyan Boyanov, Intel Corp. Line Width [nm]
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(1) SAM(Self-assembled Monolayer)

FKIRER:

(1) BAR(TDS) 350°CETH20

(2) B7R&H(4pt-bending) Cu/Si020)2.31&
(3) TDDB(Cu/SAM/SIO2/Si) 10yrs/5MV/cm
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NH2(CH2)3Si (OCH3)3
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Table INTC7 Emerging Global Interconnect Level 3D-SIC/3D-SOC Roadmap

Global Level 2012-2014 2015-2018 iﬂ :I* . ITRSA—K<2Y 7‘: &

Minimum TSV diameter 4-8 um 2-4um N

| RRESH T BROBHEE
v o m SO R = 7 341 5

Minimum TSVdepth 20-50 um 20-50 um

Maximum TSV aspect ratio 5:1-10:1 10:1 — 20:1

*» ﬁ >
Bonding overlay accuracy 1.0-1.5 um 0.5-1.0 ym 20 1 3 E ’2 u& z ‘i [= =%~ ! t‘:
Minimum contact pitch (thermocompression) 10 um 5 um 1& O)IE E 6*5 ; é n 6 % E
Minimum contact pitch (solder ubump) 20 pm 10 um

Number of die per stack 2-5 2-8
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N R oM (imec Ssem §j

Source: JEITA $E@#RF - RmFWHMERR S FROBRaKBHIMERES
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@ Circuit model & Capacitance definition
TSV_0 TSN C,

Ch Low frequency

When the interval - ;
capacitance of TSV is very near, | Ve, Ve, Vee
coupling model | !
Total capacitance: C, | is recommended | |

Fig. 3 TSV clectrical characteristic model
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