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1. Introduction

To meet the challenge of 3D-intergration in future ULSI,
global wireless interconnection (interconnect distance above
300 pum) which utilizes electromagnetic wave transmission
by using integrated antenna and ultra wideband (UWB)
transceiver system has been proposed [1, 2] as shownin Fig.
1. Among the different techniques for UWB system,
impulse radio based UWB uses very short Gaussian
monocycle pulses (GMP) as transmitted signal. Since the
GMP transmission does not require any carrier, the
transceiver circuit will be simple and occupies small area as
it does not require complex frequency recovery system. In
this paper an impulse based UWB transmitter for wireless
interconnect in future ULSI is presented. The transmitter
output is on-off keying (OOK) modulated differential
Gaussian monocycle pulse. The developed transmitter is
implemented in 0.18um CMOS. It occupies small area and
consumes low power.

2. Gaussian Monocycle Pulse Generation

A differentiator generates two impulses at the rising and
falling edges of the input if the input of the differentiator isa
rectangular pulse as shown in Fig 2. The interval between
the two impulses depends on the rectangular pulse duration
(tg). If the duration is reduced, the negative impulse shifts to
the left until it coincides with the end of the positive impulse
and this forms Gaussian monocycle pulse as shown in Fig.
2(d). The GMP' s duration (t,) depends on the rising (t;) and
falling (t;) time of the zero interval rectangular pulse (i.e.
Triangular pulse (TP) which has Gaussian properties) and is
given as t,=t+t; . The GMP center frequency (f.) will be
reciprocal of t,,. The above mentioned technique has been
applied to generate the differentiadl GMP wavelet for
impulse based UWB transceiver [3].

3. Transmitter Circuit and Simulation

A schematic block diagram of the developed impulse
based UWB transmitter is shown in Fig. 3. The circuit is
implemented in 0.18 um CMOS process. Each circuit block
of the transmitter and the chip layout is shown in Fig. 4.
Simulation is done from extracted netlist by HSPICE.
Parasitic resistance, capacitance and coupling capacitance
aretaken into account during simulation.

The differentia voltage controlled ring oscillator (V CO)
first generates rectangular shaped clock pulse with a
frequency of 1.408 GHz as shown in Fig. 5(@). This
differential clock pulseisthen digitally mixed with the non-
return-zero (NRZ) data as shown in Fig. 5(b) by using
‘AND’ gate to generate on-off keying (OOK) modulated
signal. The triangular pulse (TP) as shown in Fig. 5(c) is
then generated from OOK modulated signal by using digital
pulse shaping circuit. The FFT of TP as shown in Fig. 5(d)
depicts the gaussian characteristic of the TP signal. The TP

is differentiated to generate GMP. The differentiator is
designed using metal-insulator-metal (MIM) capacitor (C)
and poly resistor (R) in such a way that it behaves as close
as to ideal differentiator in the frequency range of interest.
The amplitude of the GMP as shown in Fig. 6(a) depends on
derivative time constant (RC), t, and t;. The amplitude of the
negative impulse of GMP is found to be the half of that of
positive impulse because t; is twice of the t.,. The GMP
duration is found to be 0.41 ns which is dlightly higher than
that of t+t . To reduce the common mode noise and
transmit the GMP by integrated dipole antenna, single ended
GMP is converted to differential GMP (DGMP) by using
single input differentia output (SIDO) amplifier. The
DGMP is further amplified by differential output amplifier.
The Output amplifier has a voltage gain of 7.28 dB at the
center frequency of GMP (2.4 GHz) and wide bandwidth.
The amplified DGMP is shown in Fig. 6(b). The FFT of
GMP as shown in Fig. 6(c) depicts that the GMP has a
center frequency (f.) of 2.4 GHz and 3-dB bandwidth (BW)
of 2.8 GHz.. A source follower circuit (shown in Fig. 3) is
used to avoid reflection due to impedance mismatch
between the transmitter circuit and antenna.

To confirm the transmission of OOK data modulated
signal in interchip communication by integrated antenna in
silicon, simulation is done together with the transmitter
layout extracted netlist and HSPICE netlist macromodel of
integrated transmit and receive dipole antenna separated by
3 mm [4]. The simulation results as shown in Fig. 7 depicts
that the received signal is the derivative of the transmitted
signal and the transmission and reception is achieved at the
rate of 1.4 GHz.

4.Conclusion

The architecture of  impulse based UWB transmitter in
wireless inter/intra-chip data communication is discussed.
The developed circuit occupies a small area (0.06 mm?) and
consumes a total power of 47 mW in transmit mode from
1.8 V supply. The simulation confirms data transmission by
using integrated antenna and developed transmitter in Si. A
maximum data transmission rate of 1.4 Gbps could be
achieved using the devel oped transmitter.
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Received antennais terminated by 100 Ohm
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Low received signal level isdueto the use of low antennagain.

CONCLUSION

» Architecture of Impulse based UWB transmitter in 0.18um CMOSis
developed for intra/interchip data communication in future ULSI.

» On-off keying modulation technique is used for simplicity.

» Circuit occupies small area (~0.06mm?) and total power dissipation is
of 47mW from 1.8 V supply.

> Differential Gaussian monocycle pulse is used to transmit NRZ data
by using dipole antenna

» Pulserepetition rate is 1.4GHz thus a maximum data transmission rate
of 1.4Gbps could be achieved .




