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Intra/Inter-Chip Wireless Interconnect System for ULSI (3) 
－A CMOS Ultra Wideband Receiver－ 

Nobuo Sasaki (COE Researcher) and Pran Kanai Saha (COE Researcher),  
Takamaro Kikkawa (Professor, Research Center for Nanodevices and Systems,  

Graduate School of Advanced Sciences of Matter) 
 

 1. Research Targets 
A wireless interconnect technology has been developed 

and it can provide a better answer for RC delay problem in 
future ULSI [1,2]. Recently, UWB (Ultra Wide Band) 
technology has been developed for indoor communica-
tions [3,4]. However, single chip CMOS UWB integrated 
circuits have not been developed yet.  In this study, a 
prototype of single-chip UWB receiver integrated with 
dipole antennas is developed based on 0.18µm CMOS 
technology. The target operation frequency is 4-5 GHz. 

2. Research Results 
Figures 1 and 2 show a photograph and block diagram of a 

prototype of single-chip UWB receiver based on 0.18-µm 
CMOS technology, respectively. It is composed of  200Ω 
(1GHz) - 107Ω (10GHz) impedance matching circuit (IMC),  
15.6dB two stage differential low noise amplifiers (LNA),  
pulse correlation circuit (mixer + integrator) and ana-
log/digital converter (sample/hold + comparator). An input 
signal Vin(t) is a periodic Gaussian monocycle pulse train 
(center frequency fc= 5GHz, pulse width=0.2ns and 3dB 
bandwidth = 5.8GHz). Fourier expansion and Fourier coeffi-
cient Fn  of such signals are given as follows, 
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where 2T : cycle time, fn = n/2T : frequency and  fc :     
center frequency, respectively. The modulation method is 
pulse position modulation (PPM), i.e., in the case of data d=1, 
the arrival of the pulse is delayed for a short period of time δ. 
Pulse correlation circuit performs a demodulation as follows 
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where T0 is a integration time (> pulse width), and Vtemplate is 
called as a template signal, which is defined as a differentia-
tion of input signal. HSPICE simulation data are shown in-
Figs.3 and 4. 

The schematic diagram of differential LNA is shown in 
Fig. 5. The output signal of the circuit is calculated as fol-
lows 
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where |Av(fn)| : transfer function and θ(fn): phase shift. Fre-
quency responses of the amplification stage show a mo-
notonous roll-off of the gain in the frequency range of 
1-10GHz as shown in Fig. 6. It gives rise to the distortion 
and phase shift of Gaussian monocycle pulse so that it leads 
to an increase of bit error rate in pulse position modulation 

(PPM). Thus, the group-delay characteristics of Gaussian 
monocycle pulse are studied in detail. Small signal analysis 
shows almost the same frequency response as HSPICE as 
shown in Fig. 6.  Figure 7 shows the output signal of LNA. 
It is found that pulse width becomes longer after the LNA 
because its frequency response rolls off monotonically and 
higher frequency components of monocycle pulse are cut off. 
Figure 8 shows that the center frequency of the LNA fre-
quency spectrum shifts from 5GHz to 4GHz, and corre-
sponding pulse width is 0.25ns. It indicates that the template 
signal should be modified by the LNA roll-off characteristics 
to reduce bit error rate. 
3. Summary and Future Plan 

A prototype of single-chip UWB receiver integrated with 
dipole antennas was designed based on 0.18µm CMOS 
technology. Small signal analyses and HSPICE simulation 
of CMOS UWB receiver circuit using Gaussian monocy-
cle pulse were conducted. High frequency roll-off due to 
parasitics of LNA resulted in the increase of monocycle 
pulse width. Accordingly, the template signal should be 
shifted to reduce bit error rate. The results of theoretical 
analysis were submitted to SSDM 2004. 
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Fig.5. Schematic diagram of differential low 
noise amplifier. 
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Fig.2. Functional block diagram of UWB re-
ceiver. 

Fig.4. Input , template and output signals of Mixer in the 
case of d=1 (left) and d=0 (right). 
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Fig.6. Frequency response of LNA. (a) Voltage 
gain (b) Phase shift.  

(a) (b)

Fig.7. Output signal of 
LNA. 
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Fig.8. Frequency spectra of 
Input and output signals of 
LNA. 

fc=5GHz

fc=4GHz

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

1 1.2 1.4 1.6 1.8

input (=10mV)
After impedance
 matching
After 1st LNA
After 2nd LNAC

h
a
n
g
e
 
o
f
 
V
o
l
t
a
g
e
 
[
V
]

Time [nsec]

Fig.3 Output of UWB receiver (HSPICE simulation). 

Fig.1. The Photograph of UWB receiver (TSMC 
CMOS 0.18-µm mixed signal, Vdd=1.8V). 
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