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Conductive Interconnects in 3-D
Stack

(a) Wire bond 3-D packaging
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AC Coupled Interconnect
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AC Coupled Interconnect
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ACCI Applications on 3-D ICs
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Similar Work

« Capacitively coupled interconnect (CCI)
vertical signaling in face-to-face 3-D ICs
— Kuhn et al. ISCAS 95’
— Kanda, Sakurai et al. ISSCC 03’
— Drost et al. CICC 03’

* Inductively coupled interconnect (LCI)
vertical signaling in face-to-back 3-D ICs
— Xu, Mick, Franzon, ISNS 03’
— Mizoguchi, Kuroda et al. ISSCC 04’
— Miura, Kuroda et al. ISSCC 05’



Vertical Signaling in 3-D ICs with
Inductively Coupled Interconnect
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» Contactless structure results in a high yield

* Feasible face-to-back multi-chips stacking

« Coupling over a longer distance than CCI

* Less sensitive to parasitic or ground than CCI
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A Differential Inter-chip Transformer
Model
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L1, L2: self-inductances; R1, R2: winding resistances
k12 : magnetic coupling coefficient

C12, C21: coupling cap. between two inductors

Rs~, Cs~: parasitic res. and cap. of windings



Coupling Coefficient Dependence
on Separation Distance
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Coupling Coefficient
Sensitivity
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A LCI Transceiver Circuit in 3-D ICs
Sensing Amplifying Latching
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Simulation Results
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Test Structure for Emulating 3-D IC

Epoxy

Y Align.

X Align.

<—I—> Manipulator

Test chips were
fabricated in 0.35um
CMOS process

Top chip was thinned
and glued onto a
micro-manipulator

Alighment marks in X
and Y for references

Possible perfect
overlapping or
arbitrated X/Y offsets



Test Structure for Emulatlng 3- D IC
(cont.) I8

(b)Y alighment marks
with Oum offset

(a) Two chips stacked, spiral (c) X allgnment marks
inductors overlapped with 20um offset



Measurement Results
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Misalignment Tolerance
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S21, dB

Crosstalk

0 2

« Spiral inductor
size: 150um

« Spacing: 50um
(1/3 of size)

» |solation > 40dB
for freq. < 5GHz

(in same plane)



Future Work

e Chip in fabrication now

— Inductors down to 20 um width
— Power of 3.4 mW per link



Xfmr Model and TX Circuit

o Xfmr Model
— Differential Model G i PR
 TX Circuit Coe e

— Current Steering




RX Circuit

 Low impedance input stage
« Sense amplifier Flip-flop
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Simulation Results

* Process technology: 0.18um FDSOI
« Data rate: 2.5 Gb/s (synchronized)

 Power consumption: 3.4 mW
—TX: 2.4 mW; RX: 1.0 mW
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Test Chip — FDSOI



Summary

Demonstrated an inductively coupled interconnect
scheme for vertical signaling in 3-D ICs - that does
not require external support circuitry.

Test chips were fabricated in 0.35um CMOS, then
thinned and stacked.

* For 90um thick chips using 150um inductors, the
transceiver communicates PRBS NRZ signals at
2.8Gb/s, and tolerates up to 50pm misalignment.

* Asynchronous current mode transceiver circuits;
TX and RX dissipate 10.0mW and 37.6mW power,
respectively.

« Circuits in fab now dissipate 3.4 mW



