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Abstract 
In this paper, a low-cost, compact form factor UWB 

impulse transmitter module is presented for impulse radio 
communication and radar. It consists of an impulse generator 
on chip, a compact UWB band pass filter (BPF) for impulse 
shaping, an amplifier in pakage, and a printed planar UWB 
antenna on board. The small BPF which has a low insertion 
loss is manufactured using Low Temperature Cofired Ceramic   
(LTCC) process. The performance of designed UWB 
transmitter is measured with UWB antenna in common 
communication environment. Measured results show that the 
designed UWB transmitter can be successfully used for the 
application of high precision UWB sensors between 3.1 GHz 
and 9GHz. 

1.  Introduction 
Since the Federal Communication Commission (FCC) has 

permitted Ultra-Wideband (UWB) between 3.1GHz to 
10.6GHz to be used commercially in 2002 [1], UWB 
technology has become more important and stronger in 
wireless personal area networking. The FCC defined the UWB 
system as a wireless system, whose fractional bandwidth is 
more than 20% or absolute bandwidth is more than 500 MHz. 
UWB technology has many advantages, compared to the 
conventional wireless system, with such characteristics as low-
power, high data rates, high resolution and high capability [2]. 
For these reasons, UWB transmitter to make an impulse-like 
signal is very important in UWB communication system. 
Previous UWB transmitters had a complexed design and a 
large size, therefore it was difficult to put the transmitter on a 
mobile phone or a communication vehicle.  

When manufacturing a UWB transmitter, it is important to 
design each single part such as CMOS impulse generator on 
chip, band-pass filter on package and broad band antenna on 
board. The CMOS impulse generator will make a sharp 
impulse signal that has a fast rising and falling time and 
optimized pulse width. The generated impulse signal has a 
feature of broad band in frequency domain. This broad band 
property must be changed for satisfying the FCC regulation 
mask, so a pulse shaper for shaping impulse signal is 
necessary. The pulse shaper can be made as a cascade of 
differentiator or a band pass filter. In the previous researches 
on the band pass filter for UWB systems, the filter size was 
major concern while the insertion loss in pass band region was 
not significant design consideration. 

In this paper, for reduced size and improved performance 
of UWB transmitter, we proposed a System-in-Package (SiP) 
technology using LTCC process. SiP technology can be used 
as a good solution to minimize the module. SiP represents a 
radically different approach to systems. This technique shrinks 

bulky circuit boards with many components and makes the 
components nearly disappear.  

 

2.  CMOS Impulse Generator on Chip 
The block diagram of proposed impulse generator on chip 

is illustrated in Fig. 1. [3] It consists of D-latch, delay line, 
AND gate and output driver. 
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Fig. 1. Block diagram of impulse generator chip 

 
The clock signal is externally provided by crystal-oscillator, 

and the data signal which is a modulated signal from baseband 
comes from an equipment such as pulse pattern generator. It is 
considered that the modulation scheme is on-off keying 
(OOK) and this scheme can be realized by a D-latch. Fig. 2 
illustrates timing waveforms at the input/output nodes of every 
blocks. Node A shows the output signal of D-Latch. This 
signal is only “1”, when the data signal is “1”. The data-
dependent signal will be transmitted via different two delay 
lines. Two signals at node B and node C  will be used as the 
input signals of AND gate. A sharp impulse signal will be 
generated at node D only when both signals are in “high” 
states. 
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Fig. 2. Timing diagram at each node of impulse generator 
shown in Fig. 1 

 
The impulse signal from the designed chip in time domain 

has many frequency components from DC to very high region 
in frequency domain. Since UWB impulse-radio(IR) system 
may use very wide frequency range from 3.1 GHz to 10.6 

85

1-4244-0665-X/06/$20.00 c©2006 IEEE



                                    

GHz, the most important factor on designing an impulse 
generator is how this signal can include frequency 
componensts in UWB range. Therefore, to increase the 
capacity, the relationship between two domains, in time and 
frequency domain shoud be investgated. The relationship of 
impulse signal in the time domain and in the frequency 
domain is shown in Fig. 3.  
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Fig. 3. Impulse signal in time domain (a) and in frequency 
domain (b) 

 
In time domain, impulse signal has rising time (tr) from 

10% to 90% of the peak voltage (V). Turn-on time (tON) means 
the pulse width from 50% of rising time to 50% of falling time. 
The period time (T) is defined as the time from a peak voltage 
to the next peak voltage. This impulse signal has a wide 
frequency range as shown in Fig. 3(b). The cutoff frequency 
point (Fc) represents the crossing point of 20dB/decade line 
and 40dB/decade line. Since the cutoff frequency is inversly 
proportional to the rising time (tr), to get a large frequency 
spectrum in UWB range, the impulse signal should have very 
fast rising time. The output driver on chip performed this 
operation to decrease the rising time.  
 
3. Ceramic-based Band-pass Filter on Package 
Since an impulse signal has many frequency component that 

we want or not, it is necessary that this impulse signal must be 
shaped in order to satisfy the FCC regulation mask. Therefore, 
a previous research on the band-pass filter (BPF) for UWB 
system used ‘coupled line filter’ on FR4 substrate as shown in 
Fig. 4, [4] which is a half wavelength transmission line 
resonator and shows band pass characteristic. Every physical 
dimensions are indicated in Table 1. The main consideration 
of designed filter in previous research is miniaturization of 
UWB transmitter. Therefore it could achieve a miniaturization 
of UWB filter size which is less than previous studies.[5]-[7].  

Not only a miniaturization but also blocking the signal at 
1.61GHz is major consideration to avoid an interference with 
other communication system such as global positioning 
system(GPS). The blocking level at 1.61GHz should be less 
than -35dB to satisfy the FCC regulation mask. However, a 
single section coupled line filter cannot provide sufficient 
sharpness at the stop band. In order to enhance the sharpness 
at 1.61GHz, a tapered stub is supplemented in the middle of 
the coupled line. Thus, the tapered stub plays a roll of band 
stop filter. As mentioned in [7], the band stop frequencies are 
related to the attenuation poles that depend on the geometry of 
the stub.  

The simulation result of this filter is shown in Fig. 5. The 
loss at 1.61GHz is about -35dB, which satisfies the target 

specification for stopband. However, the minimum insertion 
loss is -1.5dB. This means that many frequency components 
which are required in UWB system are disappeared as a loss.  

 

 
Fig. 4. Schematic diagram of a FR4-based UWB filter 

 
Table 1. Physical dimensions of proposed UWB filter (mm). 

Lx LY LC LM Ls Ws H 
13 6.5 6 2 6.2 3.4 0.6 
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Fig. 5. Simulated transmission (S21) and reflection (S11) 
characteristic of the FR4-based UWB filter. 

 
In this research, we proposed a ceramic-based band-pass 

filter to reduce insertion loss in pass-band region. The basic 
structure of ceramic-based filter is also ‘coupled line filter’ as 
shown in Fig. 6. The ceramic-based filter can use strong points 
of material such as low loss tangent, high dielectric constant. 
Not only good material property, but the LTCC process which 
uses a ceramic material has merits to provide blind via easily 
or make several tens of multi layers possible. If we use these 
merits of LTCC process, it is possible to make a BPF for 
UWB system that has more performance and smaller size.  

The simulation result of this filter is shown in Fig. 7. It 
merely has about -0.4dB of insertion loss while FR4-based 
filter has -1.5dB of insertion loss in pass-band region. 
Therefore, an impulse signal from the output of chip can go 
through pass-band region of band-pass filter without serious 
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loss and much larger UWB signal is radiated at an antenna. 
The loss at 1.61GHz shows a -35dB, which satisfies a FCC 
regulation mask and is much less than FR4-based result. Also, 
the high dielectric constant of ceramic makes the size of UWB 
band-pass filter to be 70% of that of FR4-based one because 
the line width of filter or the length of the stub is inversely 
proportional to the square root epsilon ( r). The simulation 
result and improved factors are summarized in Table 2. 
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Fig. 6. Schematic diagram of a ceramic-based UWB filter  
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Fig. 7. Simulated transmission and reflection characteristic of 
the proposed UWB filter. (CST MWS) 

 
Table 2 Comparison ceramic-based UWB filter with FR4 
based UWB filter 

 FR4 Ceramic 
r 4.3 7.8 

tan  0.035 0.002 
LC 6 mm 5.3 mm 
Ws 3.4 mm 2.9 mm 
Ls 6.5 mm 6 mm 

Maximum loss -1.5 dB -0.4 dB 
Loss at 1.61GHz 
(Target : -35dB) -35 dB -38 dB 

 
 
For SiP technology, we must design an optimized package 

which has a chip, active and passive components on it and 
some ball pads to connect to the test board. Fig. 8 shows a 
manufactured package for UWB transmitter. The dimension of 
package is 24mm×18.4mm. The BPF, the impulse generator 
and the amplifier pad are shown on the top layer.  
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Fig. 8. (a) The photograph of fabricated UWB package for SiP 
technology, (b) stack up information 

 
4. Design of UWB Transmitter SiP 

Using SiP technology, LTCC-bsed UWB transmitter for 
short range communication system is as shown in Fig. 9. 
Proposed SiP module is mainly composed of three parts: a 
CMOS impulse generator on chip, a coupled line bandpass 
filter with stub on package, and a printed planar UWB antenna 
on test board. The fabricated chip is mounted on the package 
using chip-on-board (COB) technique. Bond wires of sub-
millimeter-order long are used to connect the chip with 
ceramic-based package. BGA pads help the package to adhere 
to the FR4 board using soldering. 
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Fig. 9. The concept diagram of UWB transmitter using SiP 
Technology 

 
The photograph of UWB transmitter is shown in Fig. 10. 

The total dimension of transmitter SiP is only 38mm×47mm. 
The chip shape is covered by epoxy material in order to 
protect from an impact from the outside. BPF, which is 
designed in this research, is on the top layer of the package. 
The amplifier, which has 10dB gain, is included on ceramic 
substrate by soldering. The crystal oscillator as a clock signal 
generator is on the FR4 board. However, other signals such as 
data and power come through SMA connector externally. 
There is a patch antenna on the bottom layer of a board.  
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Fig. 10. A photograph of LTCC-based UWB transmitter SiP 

 
5. Measurement Result 

To verify the performance of designed UWB transmitter, 
we need to establish the measurement setup like Fig. 11. In 
real case, a data comes from baseband which makes a 
modulated signal. However, in this measurement setup, 
Anritsu MP1763B pulse pattern generator (PPG) is used for 
making 8-bit random signal instead of a baseband. The 
impulse generator needs 3.3V power, and the mounted 
commertial amplifier needs 10V. We used one exteranal stable 
power supply that makes two different power independently. 
To confirm a UWB signal waveform from another antenna 
which acts as a receiver, we used Lecroy SDA6020 
oscilloscope.  
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Fig. 11. The measurement setup for verifying designed UWB 
transmitter 
 

We measured signal as changing the distance between 
antennas. At the distance of 10cm, the peak-to-peak voltage is 
78mV as shown in Fig. 12. One UWB signal has about 2ns 
pulse duration. Ringing is observed in the signal because the 
impedance is not exactly 50Ω and some parasitic effects of the 
bonding wire and the path loss exist. Fig. 13 shows a previous 
UWB signal at 10cm which is made by only FR4-based 
transmitter. The peak-to-peak voltage is about 25mV. On the 
other hand, the voltage level of LTCC-based UWB transmitter, 
due to its low insertion loss property, is three times of that of 
FR4-based UWB transmitter.  
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Fig. 12. The waveform of one UWB signal of LTCC-based 
UWB transmitter.  
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Fig. 13. The waveform of UWB signal which is made by only 
FR4-based transmitter 

 
6. Conclusion 

We introduced impulse generator, band-pass filter and the 
antenna for an optimized UWB transmitter. To increase the 
BPF property, LTCC process is used for package design. Also, 
we used the SiP technology to put the chip, BPF, an amplifier 
on one package. The measurement result shows that the 
LTCC-based transmitter has a larger peak-to-peak receiver 
voltage than FR4-based transmitter. 
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