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1. Introduction

To meet the challenge of 3D-intergration in future ULSI,
inter/intra-chip communication based on capacitive and inductive
coupling technologies [1, 2] is limited in distance upto 300um and
the system has no multi-chip accessibility. To overcome these
problems global wireless interconnection which utilizes
electromagnetic wave transmission by using integrated antenna [3]
and an ultra wideband (UWB) transceiver system has been
proposed [4] as shown in 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 areaasit does not require
any complex frequency recovery system. Generation of GMP
wavelet using step recovery diode (SRD) based circuit for the
present application is not acceptable because of SRD integration
difficulties in CMOS technology [5]. In this work we present a
new differential Gaussian monocycle pulse generator (DGMP) in
0.18um CMOS which occupies small area and consumes low
power. The transmission of the generated DGMP at a rate of 1.4
Gbps through integrated dipole antenna in the same Si-substrate is
aso verified by simulation and results are presented here.

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 is a 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,. In this work the above mentioned
technique has been implemented in a CMOS circuit to generate the
differential GMP wavelet for impulse based UWB transceiver.

3. GMP Circuit and Simulation

A schematic block diagram of the developed differential GMP
circuit is shown in Fig. 3. The circuit is implemented in 0.18 um
CMOS process. Each circuit block of the schematic and its layout
is shown in Fig. 4. Simulation is done with extracted netlist by
HSPICE. Parasitic resistance, capacitance and coupling
capacitance are also taken into account during simulation.

The differential voltage controlled ring oscillator (VCO) first
generates rectangular shaped pulse with a frequency of 1.408 GHz
as shown in Fig. 5(a). The triangular pulse (TP) is then generated
from the VCO output by using digital pulse shaping circuit which
consists of a voltage controlled non-inverting buffer delay circuit,
Exclusive-or (XOR) gate and AND gate (shown in Fig. 4(b) ). The
delay circuit shifts the rectangular shaped pulse by atime which is
dlightly less than the rising time (0.185ns) of the VCO output.
The triangular pulse with arising time of 0.12 ns and falling time
of 0.239 ns is generated as shown in Fig. 5(b) from VCO output

and its delayed output. The Fig. 5(c) shows that FFT of this
triangular pulse is similar to that of Gaussian pulse. The triangular
pulse is then differentiated to generate GMP. The differentiator
(shown in Fig. 4(c)) is designed using metal-insulator-metal (MIM)
capacitor (C) and poly resistor (R) in such away that it behaves as
close as to ideal differentiator in the frequency range of interest.
The generated GMP from simulation is shown in Fig. 6(a). The
amplitude of the GMP 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 slightly 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 by using single input differential
output (SIDO) amplifier as shown in Fig. 4(c).The generated
differential Gaussian monocycle (DGMP) is shown in Fig. 6 (b).
The DGMP is further amplified by differential output amplifier
(shown in Fig. 4(c)). 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(c). The FFT
of GMP as shown in Fig. 6(d) depicts that the GMP has a center
frequency (f.) of 2.4 GHz and 3-dB bandwidth (BW) of 2.8 GHz.
However further increasing of f.is possible by generating the short
rising and falling edge of TP. A source follower circuit (shown in
Fig. 3) is used to avoid reflection due to impedance mismatch
between the DGMP circuit and transmitting antenna.

4. Simulation of GMP Transmission/Reception

Characteristics (S-parameter) of 6 mm long transmitting and
receiving dipole antenna pair on a silicon substrate (shown in
Fig.1) was evaluated by MW Studio and was then verified by
measurement [6]. This verified S-parameters are used to generate
the HSPICE netlist macromodel by using EMtoSPICE™ converter
[7]. The accuracy of generated macromodel is verified by
comparing the S-parameter obtained from HSPICE simulation with
that from the MW studio as shown in Fig. 7. To confirm the
transmission and reception of GMP by integrated antenna in
silicon, simulation is done together with the DGMP layout
extracted netlist and HSPICE netlist macromodel of integrated
antenna pair. The simulation results for different communication
distance (d, Imm-5mm) are shown in Fig. 8. The Fig. 8 shows that
the received signal is the derivative of the transmitted signal due to
antenna effect and the transmission and reception is achieved at the
rate of 1.4 GHz.

5. Conclusion

The architecture of 24 GHz DGMP generation for UWB
impulse based radio system in wireless inter/intra-chip data
communication is discussed. The developed DGMP generation
circuit occupies a small area (0.06 mm?) and consumes a total
power of 44 mW in transmit mode from 1.8 V supply.
Transmission and reception of DGMP by 6 mm long integrated
dipole antenna pair in silicon is confirmed by simulation. The
simulation shows that a DGMP repetition rate is 1.4 GHz thus a
data transmission rate of 1.4Gbps could be achieved.
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Fig. 2 Generation of Gaussian monocycle
pulse. (a) Rectangular pulse. (b) Gaussian
Impulse. (c)Triangular pulse. (d) Gaussian
monocycle pulse .
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Fig. 5 Generation of triangular pulse from VCO output. (a) VCO output. (b)

Triangular Pulse (TP). (c) FFT of TP. Time (ns)
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Fig. 7 Comparison of S-parameter for d=1mm. (a) Generation of HSPICE Fig. 8 GMP transmission using integrated antennain silicon. (a) Transmitted

netliss  macromodel for Tx-Rx antenna pair from S-parameter. (b)
Magnitude of reflection co-efficient (S11). (c) Phase of S11. (d)
Magnitude of transmission co-efficient (S21). (e) Phase of S21.

signa . (b) Received signal when receiving antenna was terminated by 100
Ohms load for different communication distance.
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