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1. Introduction 

Scaling for metal interconnects will encounter the 
limitation in global clock frequency and data transmission 
rate due to the increases of RC delay of the multilevel metal 
interconnects. The Cu/low-k technology could solve the 
existing problems [1], however, it cannot be an ultimate 
solution for the elimination of the RC delay. A concept of 
system on a chip will lead to stacked multi-chip packaging 
and three-dimensional (3D) integrated circuits [2]. To meet 
the requirements for 3D stacked chip packaging, new 
interconnection technology must be developed to substitute 
wire bonding which has large inductance and capacitance. 
From this point of view, wireless interconnection 
technologies have been developed [3-9], which can eliminate 
parasitic RC and enable much higher data rate than metal 
wire interconnections. 

There are several approaches to realize wireless 
interconnections between chips. Capacitance coupling  and 
inductance coupling can transmit signals between chips with 
high fidelity in the practical distance less than 300 μm. 
However, there is an inherent limitation to transmit signals 
for long distance.  On the other hand, electromagnetic wave, 
which is transmitted and received by use of on-chip 
integrated antennas, can achieve long distance propagation 
[3-9]. The target distance in this study for signal transmission 
between LSI chips is in the order of 1-10 mm. According to 
Shannon’s theorem, the channel data rate (capacity) is 
proportional to the bandwidth as described in equation (1),   

                                                                                                                                 

Figure 1 shows the architecture of  IR-UWB transmitter 
including GMP Generation. The GMP circuit consists of  8 
stages differential voltage controlled oscillator (VCO), 8 to 1 
multiplexer, triangular pulse generation (TPG) and  
differentiator.  The multiplexer is used here with a view to 
using the same GMP generation circuit at the receiver side 
for template synchronization. Schematics of  delay cell  and  
differential 2 to 1 multiplexer as building block of VCO and 
the multiplexer are shown in Figs. 2(a) and  2(b)  respectively.  
In the case of transmitter circuit the multiplexer output select-
lines are made all logic high so that the  multiplexer selects 
the output from the last delay cell of the VCO for TPG.   The 
TPG circuit is shown in Fig. 2(c). The triangular pulse (TP) is 
differentiated to generate GMP. The differentiator is 
designed using metal-insulator-metal capacitor  (MIMCAP) 
and poly resistor (R) in such a way that it behaves as close as 
to ideal differentiator. The amplitude of the GMP depends on 
derivative time constant (RC), rising time (t

                                                                  (1) 
 
where C and B are channel capacity and bandwidth, 
respectively. S/N is signal to noise ratio. Therefore, ultra-
wide band (UWB) technology [10] has been developed for 
high data rate signal transmission between chips. This 
technology also has advantages of the lower power 
consumption and the simple circuitry in the case of carrier 
free impulse radio based UWB (IR-UWB).  IR-UWB 
technology uses ultra-short pulses with low duty cycle in 
time domain, which has ultra-wide-bandwidth and high 
center frequency in frequency domain. Generation of ultra-
short impulse is a very difficult task and now a major issue 
towards the development of single chip IR-UWB transceiver 
system.  

The goal of the research is to develop CMOS UWB 
transmitter and receiver with on-chip integrated antennas for 
Gaussian monocycle pulse (GMP) transmission.  

In this paper, we demonstrate a fully integrated GMP 
generation circuits in CMOS, and transmission and reception 

of generated GMP between Si chips by using integrated 
antennas.  

 
2. GMP Generation and Transmitter Architecture  

r) and  falling 
time (tf) of  TP.  The single ended GMP is then converted into 
differential GMP by using single input dual output (SIDO) 
amplifier and then amplified by output amplifier as shown in 
Fig 2(d) for transmission in Si  by integrated  meander type  
dipole   antenna with the length of 2.98 mm. The SIDO is a 
differential amplifier which one input is grounded. The 
source follower is used for impedance matching. 
 
3. Test Chip and Experimental Results 

In order to verify GMP generation  and transmitter, a test  
chip is fabricated  in TSMC 0.18 μm CMOS technology. The 
test chip die microphotograph as shown in Fig. 3 is bonded 
on  printed circuit board for wiring of dc bias voltage. GMP 
measurement is carried out using Cascade fine pitch 
microprobe (FPM-100x).  The measured GMP before SIDO 
circuit is shown in Fig. 4, which shows that GMP of 123 
mVpp and  280 ps pulse duration is obtained. The positive and 
negative parts of  the GMP is also well balanced (B/A>98%) 
and has also good symmetry in shape. The low ringing level 
(C/(A+B)<10%) of –20.2 dB is obtained.  The measured 
frequency spectrum as shown in Fig. 5 shows that the GMP  
of  3.6 GHz center frequency (fc) and power of  –64.25 dBm  
(< FCC limit (-41dBm) in frequency band of 3.1 GHz-10.6 
GHz ) is obtained. The voltage sensitivity of GMP as shown 
in Fig. 6 depicts that ± 5 % variation of Vdd (1.8V) changes fc  
(3.6 GHz)  by 5 to 6% due to the changing of rising and 
falling time of MOS transistor with Vdd. The GMP repetition 
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rate is 1.16 GHz.  The transmitted signal is measured after 
source follower by using SS probe and balun. The measured 
transmitted signal  and its spectrum as shown in Figs. 7 and 8 
depict that the transmitted GMP duration  and its  center 
frequency  change to  0.46 ns and 2.33 GHz, respectively, 
due to SIDO and amplifier’s  output capacitance and 
resistance. Fig.  9 shows  the received signal which is the  
differentiated form of transmitted GMP but with the same 
pulse width (0.46ns). Fig. 10 shows 3.5 GHz center 
frequency of the received signal which is slightly higher than 
that of the 1.41 times of the transmitted signal (2.33GHz) as 
computed. The transmitted and received pulse repetition rate 
are to be the same as 1.16 GHz.  The transmission loss is 
found to be -24 dB at 2.33 GHz from transmitted and 
received power. Fig. 11 shows the received signal periodic 
jitter after off chip amplifier where the standard deviation (σ) 
is 3.38 ps. Total power dissipation is 21.6mW at 1.8 V.  
 
4.  Measurements of On-chip Integrated Antennas  

A wafer level measurement set-up for scattering parameter (S-
parameter) in the frequency domain is shown in Fig. 12. It consists 
of HP8510C vector network analyzer, 180° hybrid couplers 
(KRYTAR; 6-26.5 GHz), probe station and signal-signal (SS) 
probes. From measured S-parameters, reflection coefficient (S11) 
and transmission coefficient (S21) were investigated in the frequency 
domain. Figure 13 shows a measurement set-up for UWB signal 
transmission. It is composed of Agilent N4902B serial bit error rate 
tester (BERT), two impulse forming networks (IFNs, Picosecond), 
and Agilent 86100C sampling oscilloscope. Figure 14 shows a 
sample structure for the measurement of signal transmission 
characteristics through stacked Si chips using integrated dipole 
antennas. Number of the inserted Si chips between transmitting and 
receiving antennas was changed from 0 to 10. Thickness of Si chip 
is 0.26 mm per chip, so that line-of-sight (LOS) distance between 
transceiver antennas changed from 3.01 to 4.14 mm.  

Figures 15(a) and 15(b) show dependence of the number of 
inserted Si chips on transmission gain at the frequency of 20 
GHz and received peak-to-peak voltage of Gaussian 
monocycle pulse. Propagation loss decreased from –1.3 
dB/chip to –0.14 dB/chip by increasing the resistiviety of 
inserted Si chips from 10 to 2290 Ω·cm for 20 GHz 
sinusoidal wave propagation. Propagation loss of received 
peak-to-peak voltage also improved from –0.08 mV/chip to –
0.03 mV/chip by inserting high resistivity Si chips.  
     
5. Equivalent Circuit Model for Si Integrated Antennas 

An equivalent circuit model of Si on-chip dipole antenna 
including transmission media for CMOS integrated circuits 
was developed to analyze the UWB transmission 
characteristics in ULSI chips. Figure 16 shows the proposed 
equivalent circuit model. Transmitting and receiving 
antennas consisted of RLC (Rrad, Cant, and Lant) series 
resonant circuits and they were fabricated on Si chips, so that 
parasitic components (CSiO2, RSi, CSi, and Clow-k) were added. 
Signal propagation channel was modeled as a transmission 
line (R, L, Rsub, and Csub). Parameter fittings of equivalent 
circuit model were carried out using Agilent advanced design 
system (ADS). Figures 17(a) and 17(b) show comparison of 
the simulation of equivalent circuit model with the 

measurement on S11 and S21, respectively. The simulation 
results using the equivalent circuit model fitted well with the 
measurement data of S11 and S21. Using extracted RLC 
parameters, received waveform of Gaussian monocycle pulse 
was simulated by HSPICE circuit simulator in time domain 
as shown in Fig. 18. The simulation result could reproduce 
the measurement data. 
 
6. Conclusion 

Generation of  ultra short GMP  using 0.18 μm CMOS 
technology was demonstrated for the first time.  The 
transmission and reception of  generated GMP at the rate of  
1.16 Gbps  by meander dipole antenna integrated on the same 
Si chip were also demonstrated successfully .  

Wireless signal transmission through stacked Si chips 
using on-chip integrated antennas was demonstrated. 
Equivalent circuit model was developed for Si on-chip 
integrated antennas and RLC parameters were extracted to 
reproduce received signal waveform of GMP by HSPICE 
circuit simulator.  
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Fig. 4 Measured GMP signal before 
single input dual output amplifier. 
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Fig. 3 Chip die microphotograph.
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Fig. 1 GMP transmitter circuit schematic diagram.
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Fig. 12. Measurement set-up for 
antenna characteristics in 
frequency domain. 

Fig. 13. Measurement set-up for UWB 
signal transmission characteristics in 
time domain. 
IFN : Impulse Forming Network

L = 4 mm

d = 3 mm

Pad = 1 mm

Inserted
Si chips

Transmitting antenna

Receiving
antenna

Fig. 14. Measurement sample for signal 
transmission through stacked Si chips 
(antenna length (L) = 4 mm, horizontal 
separated distance (d) = 3 mm, and pad 
length = 1 mm). 
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