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Abstract 
   This paper presents a reduction method of power 
consumption and an asynchronous communication scheme 
for spiral-inductor based wireless chip-interconnect. The 
power reduction is achieved by utilizing positively resonance 
phenomena between two spiral inductors. Further, employing 
dynamic circuits and self pre-charging technique realizes an 
asynchronous communication without any clocking. The 
methodology was verified and evaluated by measuring a test 
chip in 0.18µm 6 metal CMOS technology. The performance 
of 0.95mW/1.0Gbps/ch was achieved without any clocking.  

 

Introduction 
   In a 3D-IC fabrication technique, small stacked via-hole 
technologies are now under development but the processing 
cost and yield problems are still unresolved [1]. To solve 
these problems, wireless interconnect using capacitive 
coupling between small pads [2] and wireless interconnect 
based on inductive coupling of spiral inductors [3],[4] were 
proposed. The former requires small pad-to-pad distance of 
1-2µm. The latter is not applicable to parallel connections 
because of its large power consumption, and it requires a 
complex synchronization scheme. In this manuscript, a 
reduction method of power consumption and an 
asynchronous communication scheme without any clocking 
are proposed for the spiral-inductor based wireless 
chip-interconnect. The power reduction is very important for 
parallel interconnects between neighboring chips, which 
distribute 2D data such as image data in stacked 3D-IC 
systems [5].     
      

Reduction of Power Consumption  
    The inductive coupling structure has self-resonance 
frequencies and it will be utilized for reducing the power 
consumption in the wireless chip-interconnect.  As shown 
in Fig.1, an nMOS FET excites the spiral inductor pair by 
pulse. The spiral inductors are modeled as π−type equivalent 
circuits with magnetic coupling “k”. Spice simulation results 
are shown in Fig.2. Let us consider, first, a case of the 
wide-width pulse shown at the left hand. Two damping 
oscillations appear on the output node, at the times when the 
input pulse rises and falls. However, the amplitude at the 
later is larger than the former one. The difference has been 
caused by on-conductance of the nMOS FET. The former 
one arises, in case that the input inductor has conductive 
connection to the ground due to the nMOS FET. On the other  
 

 
 
 
 
 
 
 
 
 
 

Fig.1  Pulse excitation to spiral inductor pair. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2  Damping oscillations. 
 

hand, two spiral inductors are identical in the later oscillation, 
because the nMOS FET is off. The identity enlarges the 
resonance phenomenon and it results in large amplitude. 
Thus, it is important to generate damping oscillation without 
on-conductance. Next, let us consider the right hand case in 
Fig.3. In this case, narrow-width pulse is employed in order 
to enlarge the amplitude still more, by superposing the two 
damping oscillations. The pulse width tpw that can superpose 
the two damping oscillations is : 
 

(1) 
 
where fself is the self resonance frequency of the spiral 
inductor.  
    

Asynchronous Communication Scheme 
   In order to realize an asynchronous communication, 
dynamic circuits and self pre-charge technique are employed. 
Circuit schematics are depicted in Fig.3. The received signal 
indicated by “VC” is damping oscillation wave and the center 
voltage is 0V. First, the signal is level-shifted by C1 and R1 
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to a bias voltage “Vbn”. The shifted signal is indicated by 
“VG”. The bias voltage "Vbn" can tune the receiving 
sensitivity by changing the transconductance of M3. The 
node indicated by "VD" is dynamically charged up and 
discharged. M3 discharges the node according to the shifted 
receiving signal. After discharging, M4 charges up again the 
node according to the delayed pulse "VP". This mechanism is 
called with "self pre-charging". It can regenerate the 
transmitted pulse VTX” into the received node “VRX”, without 
any clocking scheme. The communication scheme can 
transmit NRZ signal using “Pulse Generator” (PG) and “Rec. 
Unit” (RU).  
 
 
 
  
 

 

 

 

Fig.3  Transmitter and receiver. 

 

Test Chip Fabrication and Measurement 
   In order to confirm the proposed concept, a test chip was 
designed and fabricated in 0.18µm 6 metal CMOS 
technology. Fig.4 shows a micrograph of the test chip and 12 
transceivers were integrated. Two chips were set on 
manipulators in face to face and transfer characteristics were 
measured. Measured results are shown in Figs.5 and 6. Fig.5 
shows transmitted data and received waveforms of the 
neighboring three channels, where pseudo random data were 
transmitted at 1.0Gbps. BER (Bit Error Ratio) < 10-10 was 
achieved without cross talk between the neighboring spiral 
inductors. The delay time was 2.7ns (=1.2ns[transceiver] + 
1.0ns[I/O] + 0.5ns[PCB]). Measured power consumption is 
shown in Fig.6. "Inductor (Tx)" and "Sensing (Rx)" are 
powers consumed by the spiral inductor in Tx and the 
dynamic circuits with pre-charging operation in Rx, 
respectively. The data activities were set to 0.5. The power 
consumptions were proportional to the data-rate and they 
were also reduced proportionally by the activity due to the 
asynchronous scheme. The power consumptions of PG and 
RU were relatively large. However, they are CMOS logic 
circuits and it is expected that the power consumptions are 
reduced in scaled devices.  
 

Conclusions    
   A reduction method of power consumption and an 
asynchronous communication scheme without any clocking 
has been proposed for the spiral-inductor based wireless 
chip-interconnect. The methodology was verified and 
evaluated by measuring a test chip in 0.18µm 6 metal CMOS  
technology. The performance of 0.95mW/1.0Gbps/ch was 
achieved without any clocking.   

 
 
 
 
 
 
 
 
 
 
 
 

Fig.4  Photomicrograph of test chip. 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.5  Transmitted data and received waveforms. 

 

 

 

 

 

 

 

 
Fig.6  Measured power consumptions. 
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