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Abstract— The scaling of semiconductor technology together 
with 3D IC stacking integration make it possible for many 
portable electronics to process large amount of multimedia data. 
AC-coupling enables chip placed face-to-face for signal 
transmission using close-field capacitive coupling. A high 
performance system design using AC coupled interconnect 
(ACCI) technology not only achieves shorter and faster 
interconnection between dies but also increases packaging 
density. This paper describes a chip-to-chip circuit design 
suitable for high-speed 3DIC interconnected applications. The 
AC-Coupled face-to-face (F2F) chip was simulated using 
HSPICE with TSMC 0.18-�m 1P6M CMOS technology process 
file under a 1.8 V supply voltage. The simulation results indicated 
the proposed circuit with the self-test characteristics can achieve 
differential signal transmission up to 2.5 Gbps.  

Index Terms—three-dimensional integrated circuit (3D IC), 
AC-Coupled, high-speed interconnected, differential signal 
transmission 

I. INTRODUCTION  
With CMOS technology continuing to scaling down, the 

conventional copper (Cu) based electrical interconnect cannot 
longer satisfy the IC and packaging design specifications for  
lower delay, lower power, higher bandwidth, and lower noise 
requirements. In addition, the complexity of ICs continually 
increases such that the metal wiring interconnect delay 
dominates the device speed performance. As the scale of CMOS 
manufacture technology increase significantly in each new technology 
node, interconnection delays have become dramatically 
significant for 0.18�m technology node [1]. In order to keep up 
with Moor’s law scaling and to meet application demands, the 
three-dimensional integrated circuit (3DIC) integration has 
been an attractive solution to complex integration due to its 
higher number of I/O pin counts, wide communication 
parallelism and heterogeneous integration in the packaging. 
3DIC integration enables multi-chips to be stacked vertically in 
a device and hence high-performance device can be realized 
even using less scaled CMOS technology. As interconnects 
have been a key limiting factor in chip design, a variety of 
novel interconnection concepts have been developed to address 
this challenge over the past decade. Wire bonding [2], micro 
bumps (�B) [3, 4] and through-Si vias (TSV) [5, 6] are adopted 

for 3D integration. A conventional bonding-wire 
interconnection limits the speed performance for data transfer 
rate due to its long metal line interconnection. The periphery 
bonding also restricts aggregate data rate bandwidth (BW) and 
induces higher power dissipation, inductance, and signal time 
delay with an increased number of input/outputs (I/Os) counts 
[2].  The connections of �B technology are made using copper, 
solder or gold bumps on the top surface of chip. In general, the 
bump pitch is around 30-500μm. Compared to wire bond 
technology, �B technologies provide greater vertical stacked 
density of interconnection. The heat of chips generated inside 
the cube limits the number of chips that can be stacked in the 
packaging [7]. TSV is a realizable metal interconnection 
structure to connect vertically stacked chips with the shortest 
interconnection. By using TSVs, it is possible to save the space 
that would be necessary for bonding wires and to make wiring 
lengths shorter. However, both �B and TSV require additional 
fabrication processes and result in considerable cost increase.  

An alternative to metal wiring interconnections, proximity 
communication (PxC) or contactless communication can be 
realized with capacitive coupling interconnection (CCI) or 
inductive coupling interconnection (ICI) methods. An ICI [8] is 
the current driven and allows for long-distance 
communications between two chips. The communication 
capability of inductive coupling is increased the driven current 
or the layout area of inductor. In addition, the ICI basically 
requires stacked vertical structure and separate interfaces 
which also increase the area overhead [8]. In contrast, CCI is 
the voltage driven and its structures are applying the near-
distance communications in face-to-face (F2F) stacking. [9-11].  

A test-chip with a complete capacitive coupled serial link 
with a fully differential pulse receiver design is demonstrated 
in this paper. The general concept of CCI is discussed in 
session II. The circuit functionality used in the design process 
is presented in session III. Simulation results and 
measurements results acquired from a pseudo random binary 
sequence (PRBS) are shown in session IV and the conclusions 
are drawn in Session V. 
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II.  CAPACITIVE PROXIMITY INTERCONNECTS  

A. CCI Interface Modeling 
The capacitance is the key component that controls the data 

link architecture of the CCI. To assure the signal quality 
between inter-chip communication, it is necessary to consider 
the electrical effects due to coupling pads alignments. CCI 
relies on capacitive coupling to transmit signals from one chip 
to another in extremely near proximity distance. Details of this 
technology have been described in [9-11]. Capacitive coupling 
along with the electrical impedance of the interconnection 
forms a high-pass filter. As shown in Fig. 1, this can be done 
by placing two chips F2F.  

In designing a CCI; it is important to provide a correct 
electrical model for the coupling link capacitance. A lumped 
circuit depicted in Fig. 2 represents the equivalent circuit 
model of CCI system. This RLC circuit model can be used to 
predicted the time delay and noise crosstalk effects of  CCI 
using SPICE circuit simulator.  Ctx1, Ctx2, Crx1 and Crx2 are the 
self-capacitance of each coupling pads for the parasitic effects 
of the silicon substrate, Rtx1, Rtx2, Rrx1 and Rrx2 represent the 
resistor of the metal conductivity losses and the skin effect at 

high frequencies for each pad of data-link-coupling, and C12 
and C34 are the cross-coupling capacitance present between the 
two pads of same chip, and C14 and C23 are the cross-coupling 
capacitance present between the parallel pads of two chip, and 
Cc1 and Cc2 are the cross-coupling capacitance present between 
the parallel pads of two chip. 

The proposed 4-port structure is used to represent two 
adjacent capacitive coupling interconnection pads. The effects 
of the data links as well as cross-coupling to adjacent channel 
can then be observed using Ansoft High Frequency Structure 
Simulation (HFSS). The coupling effects were observed in 
Figure 3 by the simulation results of S-parameters. The range 
of the simulation frequency is from 1GHz to 10GHz. The 
adjacent path space is 2 �m and gap distance of interchips is 4 
�m. 

B. Data link architecture 
A transceiver system using capacitive coupling technique is 

shown in Fig. 4. The fully differential signaling is applied to 
improve common mode noise rejection. The transmitter (TX) 
and the receiver (RX) are designed on two F2F stacked chips.  

Chip 1 is designed as transmitter (Tx) chip and Chip 2 is 
the receiver (Rx) chip. The top metal layer of Chip 1 and Chip 
2 is used to create coupling electrodes. Two chips are stacked 
F2F and transmitters (Tx) and receivers (Rx) are implemented 
on each chip and are coupled by the metal electrodes of 
capacitive. The effect of the parasitic capacitor is denoted as 
Cr.  The coupling capacitor Cc determines the strength of the 

Chip A

Chip B

P1
P2

P3
P4

P3
P4

TX Chip

Pad

RX Chip
Fig. 1.  Cross-section of a vertical link across two tiers. 

 
 

Fig. 2. Idealized model for analyzing the physics of capacitive coupling 
between two pads. 

(a) 

(b) cross-coupling transfer 
Fig. 3. S-parameters simulation resulting of capacitive coupling pad  

for (a) data-link-coupling and (b) cross-coupling transfer. 
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receiving signal at the input pad of receiver. The coupling 
capacitance can be estimated as parallel plate capacitors and is 
given as: 

H
AC rc 0���  (1) 

where r�  is the dielectric constant of the material between the 

pads, 0�  is a constant called the “permittivity of free space” 
(There is a value of 8.85 × 10-12 C2 / N-m2 in SI units), A is the 
electrode area of the coupling pads, H is the gap distance 
between the two coupling pads. However, Eq. (1) is only valid 
when A>>H and the coupling capacitance is sensitive to both 
the vertical gap distance (H) between the two coupled metal. 
In order to increase interconnection efficiency, an accurate 
alignment and a precise inter-electrode spacing are extremely 
important. 
A coupling pad with a space of 2 �m and an area of 100 �m × 
100 �m is used for the simulation. Figure 5 shows the 
estimated minimum Cc1/Cc2 coupling capacitance against the 
different gap distance between a transceiver (Tx) and a receiver 
(Rx) circuit. It is obvious that an increase of gap distance leads 
to a weaker coupling effect due to the decrease in equivalent 
capacitance. The result has shown that decreasing the gap 
distance will increase the coupling capacitance and thus reduce 
the signal attenuation. The signal attenuation of receiver (Rx) 
due to the small coupling capacitance of a receiver circuit 
limits the maximum gap between two coupling pads. 
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Fig. 6.  Basic schematic of the proposed AC-coupled transceiver. 
 

 
 

III. TRANSCEIVER CIRCUIT DESIGN 
The schematic of the proposed CCI transceiver, which 

include a transmitter (Tx) and a receiver (Rx) is shown in Fig. 
6. A three stage CCI is designed using 1P6M 0.18�m CMOS 
technology provided by TSMC with 1.8 volts power supply. 
The receiver (Rx) circuit consists of a pre-amplifier, input DC 
voltage bias (VB), a loopback transmission-gate, a digital 
signal amplifier, and a digital comparator. The input stage of 
the receive circuit includes CMOS pre-amplifier inverters 
(Mp4/Mn4, Mp5/Mn5) and transistors MP6~9 and MN6~9, 
senses differential signal pluses and converts them into single-
end signal pulses. The CMOS pre-amplifier inverters have a 
large (negative) gain when its input is biased to 0.9 V 
(VDD/2). These four transistors (MpR12~13 and MnR12~13) 
perform as negative feedback resistors whose resistance value 
are adjusted by an input DC bias VB. In the stage, the 
transmission-gate function as negative feedback (MpR12~13 
and MnR12~13) path can clamp the input bias at the point of 
half supply voltage such that inverter Mp4/Mn4 and Mp5/Mn5 
can behavior as amplify and obtain the largest small-signal 
gain.  The next stage, the receiver circuit of the cross CMOS 
inverter (Mp10/Mn10 and Mp11/Mn11) can be used to reduce 
the noise. The differential driver with tapped buffer inserted 
can drive the output pad around 1 pf and converts input 
signals into full swing digital signals for digital scope 
measurement. 

IV. SIMULATION RESULTS 
The CMOS inverter and feedback transmission-gate at the 

receiver-end can be used to control the high-gain signal effect 
of amplification. The simulation results are performed at 
VDD=1.8V and VB=0.69 at different temperatures -40 oC, 0 

oC, 50 oC, 85 oC, 100 oC. The gain of the feedback amplifier is 
17 dB. When the bias voltage (VB) is set to 0.69V, it can 
make the coupling signal obtain the maximum amplification 

Fig. 4. Schematic for A capacitive coupling interconnection 

 
Fig. 5. Estimated equivalent capacitance values against different gap of 

coupling pad. 
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efficiency. The testing signal input to the Tx node is 
transmitted to the Rx node using CCI coupling interconnection. 
The simulation results of the testing signals transmitted at 
different nodes are depicted in Figure 7. The input signals 
intend adding noise signal are subtracted away by the 
proposed circuit with a differential receiver.  

For signal integrity analysis, the technology file 0.18�m 
TSMC library was used for the simulation of the eye diagram. 
The simulation result at 2.5 Gbps is depicted in Fig. 8. The 
static power consumption of the CMOS preamplifier is quite 
negligible. Total power dissipation is 80�W. Figure 9 shows 

the test chip layout using TSMC 1.8V 0.18um CMOS process. 
The estimated chip size is 1000�m × 1000�m.  

V. CONCLUSION 
In this work a difference CCI is designed using 0.18�m 

1P6M CMOS technology provided by TSMC with 1.8 volts 
power supply. The power dissipation Pavg is 80�W for clock 
signal transmission with electrodes size of 100 × 100�m2. The 
simulation results indicated the proposed circuit not only has 
the self-test characteristics but also is suitable for high-speed 
interconnected applications with differential signal 
transmission up to 2.5 Gbps. 
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Fig. 7. Simulation results based on Fig. 6 at different node 

 

 
 
Fig. 8. Simulation results for eye diagram at 2.5G 

 
 

Fig. 9. Micrograph of the test chip layout. 
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