
A TRANSMITTER WITH MODULATION Technical Field  [0001]Embodiments relate to
an ultra-wideband (UWB) transmitter with modulation. Background
[0002]Modern applications, such as wireless body area networks, wireless
sensor  network, wireless personal area network may require short range
wireless communication devices (for example Bluetooth, Zigbee, Wibre) which
may require low power and a flexible modulation module. Conventional
amplitude shift keying (ASK) modulation method may meet the power
consumption requirement but the performance may be easily degraded by
nonlinearity of transmission channel and channel interference. Phase shift
keying (PSK) modulation method may have a good immunity to channel
nonlinearity but may have other issues. [0003]Therefore, there is a need
for an alternative modulation circuit or method to provide modulation which
may be relatively low-power and low-cost.
Summary  [0004]In various embodiments, a transmitter with modulation may be
provided. The transmitter may include a phase changing stage configured to
receive a phase changing 



signal, the phase changing signal including at least one first state and at
least one second state different from the at least one first state. The
phase changing stage may include at least one first switch; at least one
second switch coupled to the at least one first switch; at least one first
transistor coupled to the at least one first switch; and at least one
second transistor coupled to the at least one second switch; wherein the at
least one first switch  may be configured to operate in an opposing manner
to the at least one second switch such that only the at least one first
transistor may be configured to be turned on in the at least one first
state and only the at least one second transistor may be configured to be
turned on in the at least one second state upon receipt of the phase
changing signal by the at least one first switch and the at least one
second switch so as to achieve a change in an output phase of the
modulation circuit when the phase changing signal switches from the at
least one first state to the at least one second state. Brief Description
of the Drawings [0005]In the drawings, like reference characters generally
refer to the same parts throughout the different views. The drawings are
not necessarily to scale, emphasis instead generally being placed upon
illustrating the principles of various embodiments. In the following
description, various embodiments of the invention are described with
reference to the following drawings, in which:         FIG. 1 shows a block
diagram representation of a transmitter with Binary Phase Shift Key (BPSK)
modulation according to an embodiment; 



FIG. 2 shows a circuit diagram representation of a transmitter with BPSK
modulation according to an embodiment;         FIG. 3 shows respective
waveforms of a transmitter when operating in On-Off Key (00K) modulation
mode according to an embodiment;         FIG. 4 shows respective waveforms
of a transmitter when operating in BPSK modulation mode according to an
embodiment;         FIG. 5 shows a chip photo of a transmitter with BPSK
modulation according to an embodiment;             FIG. 6 shows an output
pulse and an input pulse in time-domain of a transmitter when operating in
OOK modulation mode according to an embodiment;         FIG. 7 shows a
zoomed-in view of the output pulse and the input pulse as shown in FIG. 6
in time-domain of a transmitter when operating in OOK modulation mode with
the input pulse being a logic one according to an embodiment;          FIG.
8 shows an output pulse in frequency-domain of a transmitter when operating
in 00K modulation mode according to an embodiment;          FIG. 9A shows
an output pulse of a transmitter when operating in BPSK modulation mode
according to an embodiment; FIG. 9B shows a phase changing signal of a
transmitter when operating in BPSK modulation mode with a frequency of
about 30MHz according to an embodiment;         FIG. 10A shows a zoomed-in
view of the output pulse as shown in FIG. 9A of the transmitter when
operating in BPSK modulation mode with a phase changing signal being a
logic zero according to an embodiment; FIG. 10B shows the phase changing
signal of the transmitter when operating in BPSK modulation mode with a
frequency of about 30MHz according to an embodiment;         FIG. 11A shows
a zoomed-in view of the output pulse as shown in FIG. 9A of the transmitter
when operating in BPSK modulation mode with a phase changing signal being a
logic one according to an embodiment; FIG. 11B shows a phase changing
signal of the transmitter when operating in BPSK modulation mode with a
frequency of about 30MHz according to an embodiment; 



FIG. 12 shows an output pulse in frequency-domain of a transmitter when
operating in BPSK modulation mode according to an embodiment;
FIG. 13A shows an output pulse of a transmitter when operating in BPSK
modulation mode with a phase changing signal being a logic zero and when a
narrow digital pulse is adopted according to an embodiment; FIG. 13B shows
a phase changing signal of a transmitter when operating in BPSK modulation
mode with a frequency of about 40MHz according to an embodiment;
FIG. 14A shows an output pulse in frequency-domain of a transmitter when
operating in BPSK modulation mode with a phase changing signal being a
logic one and when a narrow digital pulse is adopted according to an
embodiment; and         FIG. 15A shows measurements of the respective
output pulses corresponding to at least one first state and at least one
second state of a phase changing signal on a single plot; FIG. 15B shows an
inversion of the output pulse corresponding to the at least one second
state of the phase changing signal and subsequently being overlapped onto
the output pulse corresponding to the at least one first state of the phase
changing signal on a single plot according to an embodiment. Description
[0006] The following detailed description refers to the accompanying
drawings that show, by way of illustration, specific details and
embodiments in which the invention may be practiced. These embodiments are
described in sufficient detail to enable those skilled in the art to
practice the invention. Other embodiments may be utilized and structural,
logical, and electrical changes may be made without departing from the
scope 



of the invention. The various embodiments are not necessarily mutually
exclusive, as some embodiments can be combined with one or more other
embodiments to form new embodiments. [0007] The word "exemplary" is used
herein to mean "serving as an example, instance, or illustration". Any
embodiment or design described herein as "exemplary" is not necessarily to
be construed as preferred or advantageous over other embodiments or
designs.  [0008] In various embodiments, a low power ultra-wideband impulse
radio transmitter with Binary Phase Shift Key (BPSK) or On-Off Key (00K)
modulation method may be disclosed. By using the BPSK or OOK modulation
method, the transmitter may achieve low power, low cost, high bit error
rate (BER) and be standard-compatible. [0009] An embodiment may provide a
transmitter with modulation. The transmitter may include a phase changing
stage configured to receive a phase changing signal, the phase changing
signal including at least one first state and at least one second state
different from the at least one first state. The phase changing stage may
include at least one first switch; at least one second switch coupled to
the at least one first switch; at least one first transistor coupled to the
at least one first switch; and at least one second transistor coupled to
the at least one second switch; wherein the at least one first switch may
be configured to operate in an opposing manner to the at least one second
switch such that only the at least one first transistor may be configured
to be turned on in the at least one first state and only the at least one
second transistor may be configured to be turned on in the at least one
second state upon receipt of the phase changing signal by the at least one
first switch and the at least one second switch so as to achieve a change
in an output  phase of the transmitter when the phase changing signal
switches from the at least one first state to the at least one second
state. 100101 In an embodiment, the phase changing signal may include a
toggle signal, switching between a logic one and a logic zero. The at least
one first state may include a logic one or a logic zero and the at least
one second state may include a logic one or a logic zero. However, the at
least one second state may be different from the at least one first state.
For example, when the at least one first state may be a logic one, the at
least one second state may be a logic zero and vice versa.  [0011] In an
embodiment, the change in output phase of the transmitter may be about 180
degree. [0012] In an embodiment, the transmitter may further include a
pulse generator configured to receive an input pulse at a pulse generator
input and to generate a digital pulse with a predetermined pulse width at a
pulse generator output. The input pulse may be a toggle signal with a logic
one and a logic zero. The pulse generator may be a digital pulse generator.
The pulse generator may serve to generate the desired digital pulse. The
pulse generator may usually allow control of the pulse repetition rate,
frequency, pulse width, delay with respect to an internal or external
trigger and the high- and low-voltage levels of the pulses. The pulse
generator may be used to generate a narrow digital pulse of about 1 ns. The
digital pulse generated by the pulse generator may determine the fmal UWB
pulse width. [0013] In an embodiment, the frequency of the phase changing
signal is lower than the frequency of the input pulse. 



[0014] In an embodiment, the transmitter may further include a third switch
coupled to the pulse generator output so as to receive the digital pulse,
the digital pulse may be configured to control the third switch, for
example the opening or closing of the third switch. [0015] In an
embodiment, the transmitter may further include an oscillator coupled to
the phase changing stage and the third switch, the oscillator may be
configured to generate a UWB pulse at an oscillator output. The oscillator
may be an inductor-capacitor voltage controlled oscillator (LC VCO) or a
relaxation oscillator. [0016] In an embodiment, the transmitter may further
include an amplifier coupled to the oscillator so as to receive the UWB
pulse, the amplifier may be configured to amplify the UWB pulse so as to
generate an output pulse at an amplifier output to be transmitted. [0017]
In an embodiment, the oscillator may be further coupled to a voltage
supply. The voltage supply may include a value in the range of between
about 1V to about 5V, for example between about 3V to about 4V. The voltage
supply may be process-dependent. [0018] In an embodiment, the output pulse
at the amplifier output may be transmitted to an antenna. [0019] In an
embodiment, the at least one first switch may include a pass gate or a
transmission gate. The at least one first switch may also include a swap
circuit. [0020] In an embodiment, the at least one second switch may
include a pass gate or a transmission gate. The at least one second switch
may also include a swap circuit. [0021] In an embodiment, the pulse
generator may include at least one delay element and at least one logic
gate. The pulse generator may be implemented in any other suitable manner.
100221 In an embodiment, the at least one delay element may include a
variable gain amplifier. [0023] In an embodiment, the at least one logic
gate may include an AND gate. [0024] In an embodiment, the predetermined
pulse width may be configured to vary with number of the at least one delay
element. The predetermined pulse width may depend on the number of the
delay element, on the delay time provided by each stage. For example, each
stage may provide a 1 ns delay or each stage may provide a 4 ns delay,
which may then be the equiavlent of 4 stages, each stage with a 1 ns delay.



[0025] In an embodiment, the third switch may include at least one third
transistor. The at least one third transistor may be a
metal-oxide-semiconductor field-effect transistor (MOSFET), for example an
n-type MOSFET (NMOS) or a p-type MOSFET (PMOS). The third switch may
include any other circuits for example timing control or local oscillator
depending on design and user requirements. [0026] In an embodiment, the
oscillator may include an inductor-capacitor (LC) tank stage and an
oscillator core stage. The LC tank stage and the oscillator core stage may
be used to generate an expected center frequency. It may be like the
carrier in the narrow band system. [0027] In an embodiment, the
inductor-capacitor tank stage may include at least one first inductor, at
least one second inductor, at least one first tunable capacitor and at
least one second tunable capacitor. The values of each of the at least one
first inductor, at least one second inductor, at least one first tunable
capacitor and at least one second tunable capacitor may vary depending on
user and design requirements.  [0028] In an embodiment, the oscillator core
stage may include at least one fourth transistor and at least one fifth
transistor. Each of the at least one fourth transistor and the at least one
fifth transistor may be a metal-oxide-semiconductor field-effect transistor
(MOSFET), for example an n-type MOSFET (NMOS) or a p-type MOSFET (PMOS).
[0029] In an embodiment, the amplifier may include at least one sixth
transistor, at least one seventh transistor, at least one third inductor
and at least one fourth inductor. Each of the at least one sixth transistor
and the at least one seventh transistor may be a metaloxide-semiconductor
field-effect transistor (MOSFET), for example an n-type MOSFET (NMOS) or a
p-type MOSFET (PMOS). The values of each of the at least one third inductor
and the at least one fourth inductor may vary depending on user and design
requirements. [0030] In an embodiment, the phase changing stage may further
include an inverter coupled to the at least one first switch and the at
least one second switch. The inverter may be configured to change the state
of the phase changing signal. [0031] In an embodiment, a phase changing
stage for a transmitter may be disclosed. The phase changing stage may
include at least one first switch; at least one second switch coupled to
the at least one first switch; at least one first transistor coupled to the
at least one first switch; and at least one second transistor coupled to
the at least one second switch; wherein the phase changing stage may be
configured to receive a phase changing signal, the phase changing signal
including at least one first state and at least one second state different
from the at least one first state; and wherein the at least one first
switch may be configured to operate in an opposing manner to the at least
one second switch such that only the at least one first transistor may be
configured to be turned on in the at least one first state and only the at
least one second transistor may be configured to be turned on in the at
least one second state upon receipt of the phase changing signal by the at
least one first switch and the at least one second switch so as to achieve
a change in an output phase of the transmitter when the phase changing
signal switches from the at least one first state to the at least one
second state. [0032] FIG. 1 shows a block diagram representation of a
transmitter 102 with BPSK modulation according to an embodiment. [0033] The
transmitter 102 may include a phase changing stage 104, a pulse generator
106, a third switch 108, an oscillator 110 and an amplifier 112. 



100341 The phase changing stage 104 may be configured to receive a phase
changing signal 114 ("B"), the phase changing signal 114 may include at
least one first state (not shown) and at least one second state (not shown)
different from the at least one first state. The pulse generator 106 may be
configured to receive an input pulse 120 ("A") at a pulse generator input
122 and to generate a digital pulse 124 with a predetermined pulse width at
a pulse generator output 126. The third switch 108 may be coupled to the
pulse generator output 126 so as to receive the digital pulse 124, the
digital pulse 124 may be configured to control the third switch 108. The
third switch 108 may also be coupled to a ground connection 128. The
oscillator 110 may be coupled to the phase changing stage 104 and the third
switch 108 and the oscillator 110 may be configured to generate a UWB pulse
130 at an oscillator output 132. The oscillator 110 may be further coupled
to a voltage supply (VDD). The amplifier 112 may be coupled to the
oscillator 110 so as to receive the UWB pulse 130 and the amplifier 112 may
be configured to amplify the UWB pulse 130 so as to generate an output
pulse 134 at an amplifier output 160 to be  transmitted. The output pulse
134 at the amplifier output 160 may be transmitted to an antenna 136.
[0035] In an embodiment, for 00K modulation, data input may be through the
pulse generator input 122 and the input pulse 120 to the pulse generator
106 may be a return to zero (RZ) data. The phase changing signal 114 may be
set to either a logic one (high) or a logic zero (low).  [0036] For BPSK
modulation, data input may be through the phase changing stage 104 instead
of the pulse generator 106. The input pulse 120 to the pulse generator 106
may be a clock signal with a predetermined frequency F. The phase changing
signal 114 may be a non-return to zero (NRZ) data with a frequency about
half or lower than half of the clock signal (i.e. F/2). [0037] FIG. 2 shows
a circuit diagram representation of a transmitter 102 with BPSK modulation
according to an embodiment. [0038] The transmitter 102 may include a phase
changing stage 104 configured to receive a phase changing signal 114 ("B"),
the phase changing signal 114 including at least one first state 116 and at
least one second state 118 different from the at least one first state 116.
The phase changing stage 104 may include at least one first switch 138; at
least one second switch 140 coupled to the at least one first switch 138;
at least one first transistor  (NM4) coupled to the at least one first
switch 138; and at least one second transistor  (NM5) coupled to the at
least one second switch 140; wherein the at least one first switch 138 may
be configured or arranged to operate in an opposing manner to the at least
one second switch 140 such that only the at least one first transistor
(NM4) may be configured to be turned on in the at least one first state 116
and only the at least one  second transistor (NM5) may be configured to be
turned on in the at least one second state 118 upon receipt of the phase
changing signal 114 by the at least one first switch 138 and the at least
one second switch 140 so as to achieve a change in an output phase of the
transmitter 102 when the phase changing signal 114 switches from the at
least one first state 116 to the at least one second state 118. The phase
changing stage 104 may further include an inverter 142 coupled to the at
least one first switch 138 and the at least one second switch 140. The at
least one first transistor (NM4) and the at least one second transistor
(NM5) may be used to control the output phase of the transmitter 102. 



[0039] Each of the at least one first state 116 and the at least one second
state 118 may be a logic one or a logic zero. However, the at least one
second state 118 may be different from the at least one first state 116.
For example, when the at least one first state 116 includes a logic one,
the at least one second state 118 includes a logic zero and vice versa.
[0040] The at least one first switch 138 may include a pass gate or a
transmission gate and the at least one second switch 140 may also include a
pass gate or a transmission gate. A pass gate, a transmission gate, or an
analog switch, may be defmed as an electronic element that may selectively
block or pass a signal level from an input to an output. The pass gate may
include a PMOS transistor and an NMOS transistor. The control gates may be
biased in a complementary manner so that both PMOS and NMOS transistors may
be either turned on or off. [0041] The transmitter 102 may further include
a pulse generator 106 configured to receive an input pulse 120 ("A") at a
pulse generator input 122 and to generate a digital pulse 124 with a
predetermined pulse width at a pulse generator output 126. The pulse
generator 106 may include three delay elements 144 and a logic gate 146.
Each of the three delay elements 144 may include a variable gain amplifier
and the logic gate 146 may include an AND gate. The predetermined pulse
width of the digital pulse 124 may be configured to vary with number of the
delay element 144.  [0042] The transmitter 102 may further include a third
switch 108 coupled to the pulse generator output 126 so as to receive the
digital pulse 124, the digital pulse 124 may be configured to control the
third switch 108. The third switch 108 may include a third transistor
(NMI). The third transistor (NMI) may include a metal-oxide-semiconductor
field-effect transistor (MOSFET), for example an n-type MOSFET (NMOS) or a
p-type MOSFET (PMOS). The third switch 108 may be further coupled to a
ground connection 128. [0043] The transmitter 102 may further include an
oscillator 110 coupled to the phase changing stage 104 and the third switch
108, the oscillator 110 may be configured to generate a UWB pulse 130 at an
oscillator output 132. The oscillator 110 may include an inductor-capacitor
tank stage 148 and an oscillator core stage 150. The inductor-capacitor
tank stage 148 may include at least one first inductor (L1), at least one
second inductor (L2), at least one first tunable capacitor (Cl) and at
least one second tunable capacitor (C2). The at least one first tunable
capacitor (Cl) and the at least one second tunable capacitor (C2) may be
coupled to a tuning voltage (Vtune) positioned between the at least one
first tunable capacitor (Cl) and the at least one second tunable capacitor
(C2). The oscillator core stage 150 may include at least one fourth
transistor (NM2) and at least one fifth transistor (NM3) arranged in a
cross-coupled arrangement. Each of the at least one fourth transistor (NM2)
and at least one fifth transistor (NM3) may include an  NMOS or a PMOS
depending on user and design requirements. The oscillator 110 may be
further coupled to a voltage supply (VDD). 



[0044] Each of the at least one first inductor (L1) and the at least one
second inductor (L2) may include an inductance value in the range of
between about 0.1 rill to about 5 nH, for example about 1 nH. Each of the
at least one first tunable capacitor (Cl) and the at least one second
tunable capacitor (C2) may include a capacitance value in the range of
between about 0.1 pF to about 5 pF, for example about 1 pF. Each of the at
least one first tunable capacitor (Cl) and the at least one second tunable
capacitor (C2) may include an accumulation-MOS varactor which may achieve a
tuning range of about 1 GHz for calibration purpose. [0045] In order to
facilitate fast start-up and high output peak power, sizing of the at least
one first transistor (NM4), the at least one second transistor (NM5), the
at least one fourth transistor (NM2) and the at least one fifth transistor
(NM3) may be relatively big. In view of this, the parasitic capacitance may
be rather big around 0.6 pF. [0046] The transmitter 102 may further include
an amplifier 112 coupled to the oscillator 110 so as to receive the UWB
pulse 130, the amplifier 112 may be configured to amplify the UWB pulse 130
so as to generate an output pulse 134 at an amplifier output 160 to be
transmitted. The output pulse 134 at the amplifier output 160 may be
transmitted to an antenna (not shown). The amplifier 112 may include at
least one sixth transistor (NM6), at least one seventh transistor (NM7), at
least one third inductor (L3) and at least one fourth inductor (L4). Each
of the at least one third inductor (L3) and the at least one fourth
inductor (L4) may include an inductance value in the range of between about
0.1 nH to about 5 nH, for example about 1.5 nH. The amplifier 112 may form
a buffer and  may be used to drive about 100 9 loading and to stabilize the
frequency of the oscillator 110. The output pulse 134 may be a differential
output pulse 134. A resistor 156 with a resistance of about 100 9 may be
positioned between the respective different outputs. The amplifier 112 may
be switched on and off simultaneously with the oscillator 110 through a
gate bias (not shown). The switching on and off of the amplifier 112 may be
used to save the power consumption. From FIG. 2, one can see that if the at
least one sixth transistor (NM6) and the at least one seventh transistor
(NM7) are always on, the power consumption may be very big. Therefore, the
at least one sixth transistor (NM6) and the at least one seventh transistor
(NM7) may only be turned on when there may be an UWB pulse 130. [0047] In
an embodiment, the operation of the transmitter 102 may be as shown. The
operation may be based on the example when the phase changing signal 114
may be a logic one, which may mean that the at least one first transistor
(NM4) may be on and the at least one second transistor (NM5) may be off.
[0048] When the at least one third transistor (NMI) may be off, there may
be no current flowing through the at least one first transistor (NM4), the
at least one second transistor (NM5), the at least one fourth transistor
(NM2) and the at least one fifth transistor (NM3). Then one may assume that
Vds2=Vds3.- Equation (1) [0049] When the at least one third transistor (NM
1) may be on, since the at least one first transistor (NM4) may be on and
the at least one second transistor (NM5) may be off, the transistor width
of the left branch may be an addition of W4+W2 and the width of right
branch may be W3. Therefore, one may have  eft 1 W W 



-24 PhCox (Vright Vth )2 l2L 1 W, /right = -2Phcx (Vie Vth )2 1 W r, W2
-heftht-4 fink"ox rzght -Vzh)2 2 L = L2Rsp.1 = Rsh 125,. is the parasitic
resistance of inductor) So the voltage drop difference on the two inductors
is: v 1 W  -r, 117 zv hl 



VLI r L2 - -Rsr1 4r h-r 2 Lg " VL, + VDs2 =TIL2 VDs3 1W r, ." VDS2 VDS3 =4
fink"ox(r right -Vth )2 2L We assume the loop gain may be: -
(gm24z1)(gm3z2) - (gm24)(gm35z2) (here gm24 = gm35 and g,,3 = gm2) = real(I
A I LO) Therefore, the final output (assume buffer gain may be 241) may be:
-V = Re al((Vds2 - Vds3)44 ) 



1 W =--R  2 srl L p C (Vngt h -V102 I A I Alreal(LO)  When the phase
changing signal 114 may be a logic 0, which may mean that Vds4 may be off
and Vds5 may be on. One may have: - V = - -1 Rsr, -VI,unCos (Vnght - Ilth)2
I Al Aireal(L 0) 2L 1 D W5v =-Pn`-'r, vox r rzght12 I AI Aireal(ZO) 2L -
Equation (11)  Since W4=W5, the respective final output may be 180 degree
phase difference between both cases when the phase changing signal 114 may
be a logic 1 and a logic 0. The imbalance may lead to the BPSK modulation. 



[0050] FIG. 3 shows respective waveforms of a transmitter 102 when
operating in On-Off Key (00K) modulation mode according to an embodiment.
[0051] When the transmitter 102 may operate in OOK modulation mode, the
rising edge of the input pulse 120 ("A") may trigger the pulse generator
106 to generate a nanosecond wide digital pulse 124. The digital pulse 124
train may control the tail current source of the oscillator 110 and
consequently an UWB pulse 130 train may be generated. After amplification
by the amplifier 112, the output pulse 134 may be sent to a matched antenna
136. [0052] FIG. 4 shows respective waveforms of a transmitter 102 when
operating in BPSK modulation mode according to an embodiment. [0053] When
the transmitter 102 may operate in BPSK modulation mode, the rising edge of
input pulse 120 ("A") may trigger the pulse generator 106 to generate a
nano-second wide digital pulse 124. As the input pulse 120 ("A") may
include a clock signal with a frequency F, that may mean that there may be
a digital pulse 124 at each clock. Consequently, a U13M pulse 130 may be
generated. After amplification, the phase of the output pulse 134 may be
modulated by the NRZ phase changing signal 114 ("B"). [0054] For example,
when the at least one first transistor (NM4) may be on and the at least one
second transistor (NM5) may be off, an imbalance may be introduced to the
oscillator 110 and the oscillation may start from one side. When the at
least one first transistor (NM4) may be off and the at least one second
transistor (NM5) may be on, the oscillation may start from the other side.
As shown in FIG. 4, there may be about 180 degree difference in the output
phase of the transmitter 102 between the phase changing  signal 114 with a
logic 1 (input high) and the phase changing signal 114 with a logic 0
(input low). [0055] FIG. 5 shows a chip photo 158 of a transmitter 102 with
BPSK modulation according to an embodiment. [0056] The chip photo 158 shows
the transmitter 102 including a phase changing stage 104, a pulse generator
106, a third switch 108, an amplifier 112, an inductor-capacitor tank stage
148 and an oscillator core stage 150. [0057] FIG. 6 shows an output pulse
134 and an input pulse 120 in time-domain of a transmitter 102 when
operating in OOK modulation mode according to an embodiment. [0058] When
the transmitter 102 may be operating in OOK modulation mode, an input data
may be the input pulse 120 ("A") and the phase changing signal 114 ("B")
(not shown in FIG. 6) may be set to a fixed value logic one or zero. The
input pulse 120 ("A") may toggle between a logic one and a logic zero. 



[0059] For 00K modulation mode, when the input pulse 120 may be a logic
one, there may be a UWB pulse 130 and when the input pulse 120 may be a
logic zero, there may not be any UWB pulse 130. [0060] FIG. 7 shows a
zoomed-in view of the output pulse 134 and the input pulse 120 as shown in
FIG. 6 in time-domain of a transmitter 102 when operating in OOK modulation
mode with the input pulse 120 being a logic one according to an embodiment.
[0061] FIG. 8 shows an output pulse 134 in frequency-domain of a
transmitter 102 when operating in OOK modulation mode according to an
embodiment. [0062] FIG. 9A shows an output pulse 134 of a transmitter 102
when operating in BPSK modulation mode according to an embodiment. FIG. 9B
shows a phase changing signal  114 of a transmitter 102 when operating in
BPSK modulation mode with a frequency of about 30MHz according to an
embodiment. [0063] When the transmitter 102 may be operating in BPSK
modulation mode, an input data may be the phase changing signal 114 ("B")
and the input pulse 120 ("A") (not shown) may function as a clock. [0064]
FIG. 10A shows a zoomed-in view of the output pulse 134 as shown in FIG. 9A
of the transmitter 102 when operating in BP SK modulation mode with a phase
changing signal 114 being a logic zero according to an embodiment. FIG. 10B
shows the phase changing signal 114 of the transmitter 102 when operating
in BPSK modulation mode with a frequency of about 30MHz according to an
embodiment. [0065] FIG. 11A shows a zoomed-in view of the output pulse 134
as shown in FIG. 9A of the transmitter 102 when operating in BPSK
modulation mode with a phase changing signal 114 being a logic one
according to an embodiment. FIG. 11B shows a phase changing signal 114 of
the transmitter 102 when operating in BPSK modulation mode with a frequency
of about 30MHz according to an embodiment. [0066] FIG. 12 shows an output
pulse 134 in frequency-domain of a transmitter 102 when operating in BPSK
modulation mode according to an embodiment. 



[0067] FIG. 13A shows an output pulse 134 of a transmitter 102 when
operating in BPSK modulation mode with a phase changing signal 114 being a
logic zero and when a narrow digital pulse 124 is adopted according to an
embodiment; FIG. 13B shows a phase changing signal 114 of a transmitter 102
when operating in BPSK modulation mode with a frequency of about 40MHz
according to an embodiment.  [0068] FIG. 14A shows an output pulse 134 in
frequency-domain of a transmitter 102 when operating in BPSK modulation
mode with a phase changing signal 114 being a logic one and when a narrow
digital pulse 124 is adopted according to an embodiment. [0069] FIGs. 13A,
13B, 14A and 14B may help to show a clear reverse phase with the phase
changing signal 114 being a logic one or a logic zero. [0070] Further
FIGs.13A, 13B, 14A and 14B may be similar to FIGs.10A, 10B, 11A and 11B
except that a narrower digital pulse 124 may be adopted in FIGs.13A, 13B,
14A and 14B. Therefore, the respective pulse width in FIGs.13A and 14A may
be narrower than that as shown in FIGs.10A and 11A. [0071] FIG. 15A shows
measurements of the respective first output pulse 152 and second output
pulse 154 corresponding to at least one first state 116 and at least one
second state 118 of a phase changing signal 114 on a single plot. [0072]
The at least one first state 116 of the phase changing signal 114 may be a
logic zero and the at least one second state 118 of the phase changing
signal 114 may be a logic one. [0073] FIG. 15B shows an inversion of the
second output pulse 154 corresponding to the at least one second state 118
of the phase changing signal 114 and subsequently being overlapped onto the
first output pulse 152 corresponding to the at least one first state 116 of
the phase changing signal 114 on a single plot according to an embodiment.
[0074] The at least one first state 116 of the phase changing signal 114
may be a logic zero and the at least one second state 118 of the phase
changing signal 114 may be a logic one.   [0075] Table 1 below shows the
respective measured results of the transmitter 102 in respective OOK
modulation and BPSK modulation. According to the table 1, the centre
frequency may be between a range of about 3.9 GHz to about 4.1 GHz. The
supply voltage may be between a range of about 1.6 V to about 2 V. The
total drain current may be between a range of about 126 ILA to about 200 A.
The temperature may be about room temperature, between about 25 C to 35 C.
The data voltage level may be between a range of about 1V to about 1.8 V.
The data rate may be between a range of about 0.1 MHz to about 30 MHz. The
output voltage swing may be between a range of about 4.3 V to about 5 V.
The output bandwidth may be between a range of about 0.5 GHz to about 3.5
GHz. The modulation mode may be OOK or BPSK. Table I. The Measured Result
of the OOK/BPSK UWB-IR Transmitter 



Parameter Symbol Conditions/Remar ks Typical Range units Centre Frequency f
4 



3.9 - 4.1 GHz Supply Voltage VDD  1.8 1.6 - 2.0 V Total Drain Current Id  



150 126 - 200  Temperature T  27 Room temperature C Input / Output
Characteristic 



Data Voltage Level A; B  1.6 1 - 1.8 V Data Rate fin 50% duty cycle 1 0.1 -
30 



MHz Output voltage swing Vo Differential output @ 100f/ 4.5 4.3 - 5  Output
Band Width BW  2 



0.5 - 3.5 GHz Modulator Parameters Modulation 00K/BPSK  [0076] While the
invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art
that various changes in form and detail may be made therein without
departing from the spirit and  scope of the invention as defined by the
appended claims. The scope of the invention is thus indicated by the
appended claims and all changes which come within the meaning and range of
equivalency of the claims are therefore intended to be embraced. 



Claims What is claimed is: 1. A transmitter with modulation, comprising: a
phase changing stage configured to receive a phase changing signal, the
phase changing signal including at least one first state and at least one
second state different from the at least one first state; the phase
changing stage comprising at least one first switch; at least one second
switch coupled to the at least one first switch; at least one first
transistor coupled to the at least one first switch; and at least one
second transistor coupled to the at least one second switch; wherein the at
least one first switch is configured to operate in an opposing manner to
the at least one second switch such that only the at least one first
transistor is configured to be turned on in the at least one first state
and only the at least one second transistor is configured to be turned on
in the at least one second state upon receipt of the phase changing signal
by the at least one first switch and the at least one second switch so as
to achieve a change in an output phase of the transmitter when the phase
changing signal switches from the at least one first state to the at least
one second state. 



2. The transmitter of claim 1, further comprising a pulse generator
configured to receive an input pulse at a pulse generator input and to
generate a digital pulse with a predetermined pulse width at a pulse
generator output.      3. The transmitter of claim 2, further comprising a
third switch coupled to the pulse generator output so as to receive the
digital pulse, the digital pulse is configured to control the third switch.
4. The transmitter of claim 3, further comprising an oscillator coupled to
the phase changing stage and the third switch, the oscillator configured to
generate a UWB pulse at an oscillator output. 5. The transmitter of claim
4, further comprising an amplifier coupled to the oscillator so as to
receive the UWB pulse, the amplifier is configured to amplify the UWB pulse
so as to generate an output pulse at an amplifier output to be transmitted.
6. The transmitter of claim 4 or 5, wherein the oscillator is further
coupled to a voltage supply. 



7. The transmitter of claim 5 or 6, wherein the output pulse at the
amplifier output is transmitted to an antenna.    8. The transmitter of any
one of claims 1 to 7, wherein the at least one first switch comprises a
pass gate.    9. The transmitter of any one of claims 1 to 8,  wherein the
at least one second switch comprises a pass gate.     10. The transmitter
of any one of claims 2 to 9, wherein the pulse generator comprises at least
one delay element and at least one logic gate. 11. The transmitter of claim
10, wherein the at least one delay element comprises a variable gain
amplifier. 12. The transmitter of claim 10 or 11, 



wherein the at least one logic gate comprises an AND gate. 13. The
transmitter of any one of claims 10 to 12, wherein the predetermined pulse
width is configured to vary with number of the at least one delay element.
14. The transmitter of any one of claims 3 to 13, wherein the third switch
comprises at least one third transistor.     15. Thetransmitter of any one
of claims 4 to 14, wherein the oscillator comprises an inductor-capacitor
tank stage and an oscillator core stage. 16. The transmitter of claim 15,
wherein the inductor-capacitor tank stage comprises at least one first
inductor, at least one second inductor, at least one first tunable
capacitor and at least one second tunable capacitor. 17. The transmitter of
claim 15 or 16, wherein the oscillator core stage comprises at least one
fourth transistor and at least one fifth transistor. 



18. The transmitter of any one of claims 5 to 17,  wherein the amplifier
comprises at least one sixth transistor, at least one seventh transistor,
at least one third inductor and at least one fourth inductor. 19. The
transmitter of any one of claims 1 to 18, wherein the phase changing stage
further comprises an inverter coupled to the at least one first switch and
the at least one second switch. 20. A phase changing stage for a
transmitter comprising : at least one first switch; at least one second
switch coupled to the at least one first switch; at least one first
transistor coupled to the at least one first switch; and at least one
second transistor coupled to the at least one second switch;  wherein the
phase changing stage is configured to receive a phase changing signal, the
phase changing signal including at least one first state and at least one
second state different from the at least one first state; and wherein the
at least one first switch is configured to operate in an opposing manner to
the at least one second switch such that only the at least one first
transistor is configured to be turned on in the at least one first state
and only the at least one second transistor is configured to be turned on
in the at least one second state upon receipt of the phase changing signal
by the at least one first switch and the at least one second switch so as
to achieve a change in an output phase of the transmitter when the phase
changing signal switches from the at least one first state to the at least
one second state. 


