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Optimized Chip-on-Wafer Heterogeneous Integration: Sony researchers will discuss an advanced process for fine-pitch face-to-back (F2B) chip-on-wafer (CoW) integration in 3D heterogeneous integrated systems. It features a novel chemical mechanical polishing (CMP) process that incorporates oxidation inhibitors to optimize Cu recess control for enhanced fine-pitch Cu–Cu hybrid bonding. They successfully implemented the optimized process on a single chip for various pad sizes (from 3.0 µm to 1.0 µm), achieved void-free bonding, and saw a significant improvement in Kelvin connection yields (i.e., low-resistance connections) versus conventional processing. Moreover, excellent electromigration resistance was observed, with projected device lifetimes exceeding 10 years. The researchers say these results validate the effectiveness of the proposed fabrication process for high-density three-layer stacked chip-on-wafer-on-wafer (CoWoW) structures, such as stacked back-illuminated CMOS image sensors (BI-CIS).

· Top left image: The evolution and future prospects of stacked back-illuminated CMOS image sensors (BI-CIS).
· Top right image: Schematic diagram of a 3-layer vertically stacked structure (CoWoW). The middle and bottom wafers are connected via face-to-face (F2F) WoW. The top chip is placed face-down on the backside Cu pads of the middle wafer.
· Lower image: Cross-sectional SEM images of daisy chains for (a) 3.0-µm pad/6.0-µm pitch, (b) 1.4-µm pad/2.8-µm pitch, and (c) 1.0-µm pad/2.0-µm pitch.

(IP session #39, “Advanced Face-To-Back CoW 2.0-µm pitch Cu–Cu Hybrid Bonding Process for Three Layer-Stacked 3D Heterogeneous Integration,” A. Urata et al, Sony) 
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back  chip-on-wafer integration in three-dimensional
erogeneous integrated systems. We introduce a novel chemical
chanical polishing (CMP) process that incorporates oxidation
ibitors to optimize Cu recess control to enhance fine-pitch Cu—

hybrid bonding. The optimized process is successfully
rlemented on a single chip for various pad sizes, ranging from
nm to 1.0 pm, achieving void-free bonding. Implementation of
advanced CMP process resulted in significant improvement in
lvin connection yields, with approximately 99 % and 95 %
cess rates for pad sizes of 1.4 and 1.0 pm, respectively. This
resents a substantial improvement over conventional
cessing yields of 90 % and 50 % for pad sizes of 1.4 and 1.0 pm,
pectively. Moreover, excellent electromigration resistance was
erved, with projected device lifetimes exceeding 10 years.
ese results validate the effectiveness of the proposed fabrication
cess for three-layer stacked chip-on-wafer-on-wafer
ictures, establishing a robust foundation for high-density
ee-dimensional heterogeneous integration in next-generation
1iconductor devices.
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has led to the widespread adoption of CoW processes based on
Cu—Cu hybrid bonding owing to its significant advantages, =
including enhanced yield via known good die selection, L
superior design flexibility, and multi-chip bonding [3, 4].

Consequently, CoW bonding has emerged as a fundamental

technology in the fabrication of 3D-integrated devices.
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Fig. 1 Evolution and future prospects of stacked BI-CIS.
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backside thinning of top water, (e) Dicing the top water to tabricate the |
top chips, (f) Top chips and backside of the middle wafer are bonded via
F2B CoW, (g) Annealing is performed to encourage Cu—Cu hybrid
bonding, and (h) Contact pads are fabricated for probing.

tom wafers, as illustrated in Fig. 4(a). Subsequently, the Cu
s of the middle and bottom wafers are electrically connected
Cu—Cu hybrid bonding utilizing F2F WoW, as depicted in
. 4(b). Subsequently, through-silicon vias (TSVs) and Cu
s are fabricated on the thinned backside of the middle wafer,
shown in Fig. 4(c). Next, the top chips are processed by
ming the backside and dicing the top wafer, as depicted in

© 3.0-pm pad/6.0-pm mpitch

s. 4(d) and (e). The top chips are then precisely positioned [ ll um
e-down on the middle wafer’s backside, interconnecting the M3 CoW(F2B) nm
pads electrically via Cu—Cu hybrid bonding using F2B CoW, -

2 © 1.4-pm pad/2.8-pm pitch

illustrated in Fig. 4 (f). The final processing steps include o Piteh
rmal annealing to enhance the Cu—Cu hybrid bonding, § (GlnoRgmaim
lowed by the fabrication of contact pads for probing, as
victed in Figs. 4(g) and (h).

Fig. 5 presents a schematic diagram of a test vehicle
orporating a three-layer vertical stacked structure utilizing
CoWoW technology. The F2B CoW test vehicle features

oe distinct pad sizes and pitch configurations: 3.0-um pad/ Fig. 5 Schematic diagram of a three-layer vertically stacked structure
P P Eur Hm p (CoWoW). The middle and bottom wafers are connected via F2F WoW.

'Hm pitch, _1~4TH_In pad{ 2.8-um pitCha. and 1.0-pm pad/.2.0- The top chip is placed face-down on the backside Cu pads of the middle
| pitch, maintaining uniform Cu density across all designs. ~ wafer. I
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Fig. 13 Cross-sectional SEM images of daisy chains for (2) 3.0-um pad.

Page 2 of 6
——

2643 words

- Word

Q  Tell me what you want to do

AaBbCeDdE  4aBbCcDa 1. AABBCC 4. AaBbCt 1) AaBbCc a) AaBbCt

Heading2 T Heading 3 THeading 4 Heading 5 Heading 6

AABBCCDI  AaBbCcDdE

TCaption  Emphasis  Heading 1

Styles

In the conventional CMP process, experimental results
demonstrate that as the pad size decreases from 3.0 pm to 1.4
and 1.0 pm, the yield of successful Kelvin connection decreases
from above 99 % to approximately 90 and 50 %, respectively.

In contrast, the advanced CMP process maintains
significantly higher yiclds, with the successful Kelvin
connection rate decreasing from above 99 % to approximately
99 % and 95 % for decrease in pad size of 3.0 pm to 1.4 and 1.0
nm, respectively.

These results demonstrate that the advanced process
substantially improves Kelvin connection yields based on
enhanced Cu recess control.

B. Reliability

Fig. 15 depicts cumulative probability distributions of
clectromigration  lifetime measurements for F2B CoW
structures with two distinct pad size and pitch configurations:
1.4-pm pad/ 2.8-pm pitch and 1.0-um pad/ 2.0-um pitch. The
clectromigration testing was conducted on daisy chains with
Cu-Cu connections under accelerated stress conditions
(constant current of 15 mA at 275 °C). The experimental results
demonstrated projected lifetimes exceeding 10 years, indicating
excellent  reliability for the considered fine-pitch
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| Fig. 14 Comparison of cumulative probability distributions of contact
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