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(57) Abstract: A transmitter with modulation comprising a phase changing stage having a first switch and a second switch cou-
pled t the first switch, a first transistor and a second transistor individually coupled to the each switch. The transmitter is config-
ured to receive a phase changing signal having a first state and a second state. The first switch is configured t operate in an oppos-
ing manner to the second switch such that only the first transistor is contigured to be turned on i the first state and only the second
transistor is configured to be turned on in the second state upon receipt of the phase changing signal by the switches so as to
achieve a change in an output phase of the transmitter when the phase changing signal switches from the first state to the second
state.
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A TRANSMITTER WITH MODULATION

Technical Field

[0001] Er’nbodiments relate to an ultra-wideband (UWB) transmitter with modulation.

Bé-ckg‘ round

[0002] Moderh applicatidns, such as wireless body area networks, wireless sensor
network, wiréless personal area network may "require'short range wireléss communication
devices (for examble Bluetooth, Zigbeé, 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 performénce may be easilyt »
degraded by nonlinéarity of transmission channel and channel interference. Phase shift
keying (PSK) modulation method rﬁay have Aa good immunity to channel nonlinearity but |
may have other issues. |

[0003] Tﬁerefore, 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 inciude a phase chahging stage configured to receive a phase changing
signal, the phase.changing signal including at least one first state and at lcast one second -
state different from the at least one first state. The phase changing stage may include at
least one first sv?itch; 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
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may be configured to operate in an oppgising 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 stafe 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 switcﬁ and the at least 6ﬁe second switch S0 as to acﬁieve a change in an
output phase of thé modulation circuit when the phase changing signal switches from the

at least one first state to the at least one second state.

| Brfef Desc'ripﬁon of the Drawings
[0005}  In the drawings, like refefence characters generally refer .to the same parts
thfoughout the-.diffqrent views. The dréwings are not neceésarily to scale, emphasis
instead generally being placed upon illustrating tﬁe principles of various embodiments.
In the following description, various embodiments of the invention are described withv
reference to the following drawings, in which:
FIG. 1 shows a block diagram fepresentation of a transmitter with Binary
Phase Shift Key (BPSK) modulation according to a'n.embodimenf;
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
Kéy (O0OK) mondulation méde accordirig.té an embodiment;
FIG. 4 shows respective waveforms of a transmitter when opérating in BPSK
modulation mode according to an embodiment;
FIG. 5 shows a chip photo of a transmitter withv BPSK modulation according

to an embodiment;
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FIG. 6 shows an 6utbut pulse and ‘an ‘input pulse in time-domain of a
transmitter when operating in OOK inodulation 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 6ﬁe according to an em'bodimént;

FIG. 8. shows an.output pulse in frequency-domain of a transmitter when
operating in OOK modulation mode according to an embodiment;.

FIG. 9A shows an output pﬁlse of a transmitter when operating in BPSKV
modulation mode acgording to an embodiment; FIG. 9B shows a phése’changing signal
of a tranémitter. when operating in BPSK modulation mode with a frequency of about
30MHz _accordiﬁg to ian embodiment; |

FIG. 10A shows a zoomed-in view of the oufput pulse as shown in FIG. 9A of |

- the transmitter when operating in BPSK modulation mode with a phase chang_ing signal
being a logié zero according to an embodiment; FIG. 10B shows fhe phase changing
signal of the transmitter when operating in BPSK modulation mode with a frequency of
about 3OMHZ_ according to an embodiment; |

FIG. 11A shows a zoomed-in view of the output pulse. as shown in FIG. 9A of
the transmitter wheﬁ operating in BPSK modulation mode with a phase changing signal .

' beiﬁg a logic one according to an erﬁbodiment; FIG. 11B shows a phase changing signal
of the transmitter then operatiﬁg in ABPISK modulation mvode with a frequency of ébout
30MHz #ccording to an embodiment;

FIG. 12 shows an output pulse in frequehéy—domain of a transmitter when

operating in BPSK modulation mode according to an embodiment;
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FIG. 13A shows an' oﬁtput pﬁlse 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 adbpted according to an embodiment; FIG. 13B shows a phase changing
signal_ of a transmitter when operating in BPSK modulétion mode with a frequency of
about 40MHz according to an embodimeﬁt; » |

FIG. 14A shows an output pulse in frequency-domain of a transmitter when
operating in BPSK modulatiqn mode with a phase changing signal being a logic one and
when a narrow digital pulse is adopted ac?:ording to an embodiment; and

FIG. 15A shows measurements of the respective output pﬁlse’s 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 sgcond state of the phase changing sigﬁai and su‘bsequently being overlapped onto
the output pulse corresponding to the at least one first stéte of the phase changing signai .

on a single plot according to an embodiment..

Descriptiqn’ |
'[0006] The following detailed description refers to the accompanying drawings that
show, by way of illﬁstration, specific details and embodiments in which the invention
' may be practiced. These émbodimeﬁts are described in sufficient detail to enable those
skilled in the art fo practice ﬂlu-e invenfion. Other er_nbédiments may be utilized and
structuraL logical, and electrical changes may be ﬁlade without departing from the scope

of the invention. The various embodiments are not riecessarily mutually exclusive, as
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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 conétrued as prefen‘e.c'i or advantagcous over othér embodiments or
designs.
[0008] In Vaﬁous embodlments a low powef ultra-wideband nnpulse radio transmitter
with Binary Phase Shift Key (BPSK) or On—Off Key (OOK) 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 embédimént may provide é transmitter with modulation. The transmitter may
includg a phase changing stage configured tb feceive a phase changing signal, the phase

- changing signal including at least one first state and at ieast_ one second staté_ different
from the at le;ast one first state. The phase changing stage may inclu&e at least one first
switch; at least one second switch coupled to the at least one first switch; at least one first
transisto; coupled to the at least one first swi:tch;. and at leaét oné second transistor
;oupled to the at least one second switch; wherein the at least one first switch may be
configured to Operaté in an opposing manner to the at least one second switch such that

' only the at least one first tfansistor rﬂay be configured to be turned on in the at least one
first state and only fhe at least éﬁe sec_:ond transistor may bé configured to be turned .on in
the at leaét 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
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phase of the transmitter when tlheiphase g;hanging signal swiﬁches from-the at least one
first state to the at least one second étatc.
[0010] In an em‘bodiment,, 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 zéro and the at leaéf one second state may inclu&e a logic one or a
logic zero. Howev.er, the at least one second state may be different from the at least one
first state. Fdr 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 f/ice versa.
[0011] In an embodiment, the change in output phase of the transmitter may be about 180
bdegree. | .
[0012] In an émbo'diment, the tranémitter may further include a pulse geﬁerator
conﬁgured to receive an input pulse at a puisé generator input and to generate a digital
~ pulse with a predetermined pulse width at a pulse generafor output. The input pulse may
be a toggle siénal with a logic one and a logic zero. The pulse generafor 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 _th¢ puise repetitioﬁ rafe, frequency, pulse
Width, delay with respect to an internal or external trigger and thg: high- and low-voltage
levels of the pulses. VThe pulse generator may be used to generate a narrow digital pulse
of about 1 ns. The digital pulse genefated by the pulse generator méy determine the final
UWRB pulse width. |
[0013] In an embodiment, the frequency of the phase changing signal is lower than the

frequéncy of the input pulse.
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[0014] In an embodiment, the 'trax.lsmitter. may further include a third switch coupled to
the pulse genefator 6utput so as to receive the digital pulse, the digital pulse may be
configured to coﬁﬁol the third switch, for example the opening or closing of the third
switch.
[0015] In an embodimént, the trahsmittéf may further include an osciliator qoupled to the
phase changing stége and the third switch, the oscillator may be configured to generate a
UWRB pulse ét an oscillator output. The osciilator may be an inductof—capacitor voltage

~ controlled oscillator (LC VCO) or a relaxation oscillator.
[0016] In an embodiment, the transmitter may further include an ampiiﬁer coupled to the
oscillatorv so as to receive the UWB pulse, the amplifier may be .conﬁgﬁred to amplify the »
UWB pulse.so as to generate an outpuf pulse at an amplifier output to be transmitted.
[0017] In an embodiment, the osciilator 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 betvgleen about 3V to about 4V. The.voltag¢ supply may be pfocess-dependent.
[0018] In an embpdiment, the output pulse at the a_mpliﬁer‘ output may be transmitted to
an antenna. | |
[0019] In an embodiment, th(; at least one ﬁrst switch may inplude 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 leést one second switch may inciude a pass gate or a
transmission gate. The at least 0;16 secoﬁd 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.
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[0022] In an embodiment, the Aat .least one delay element may include a variable gain
amplifier.
[0023] In an émbédiment, 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 bne delay élemenf; The predetermined pulse width may depend on
the number of the .delay elcmént, on the delay time provided by each stage. For example,
each stage Iﬂay provide a 1 ns delay or each stage may provide a 4 né delay, which may
then be the equiavlent of 4 stages, each sfage with a 1 ns delay.
[0025] In an embodiment, the third switch may include at least one fhird transistor. The
at least oﬁe third transisto; may be a metal-oxide-semiconductor ﬁeid-effect transistor
(MOSFET),‘ for exafnple an n-type MOSFET (NMOS) or a p-type MOSFET (PMOS).
The third switch may include any other circuits for vexample timihg control or local
oscillator depending on design and user requirements.
[0026] In an- embodiment, the oscillator may include an inductor-c-apacitor (LC) tank
stage and an oscillator core stage. Th¢ LC tank stage and thé oscillator core stage may be
used to generate an expected center frequency. It may be like the cérrier in the narrow
Vband system.
[0027] In an embodiment, the inductor-capacitor tank stage may include at least one first
~ inductor, at least one secohd inducto.r,v at least one first tunable capécitor and at least one
second tunable capacitor. The values of éach of the at least- one first inductor, at leaét one |
second iﬁductor, at least one first tunable capaéitor and at least one second tunable

capacitor may vary depending on user and design rcquiréments.



WO 2011/053243 PCT/SG2009/000397

[0028] In an embodiment, the oscillator core s‘tage may include at least one fourth
transistor and at vleast 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 embodinient, the arnpliﬁer‘rnay 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 metal—
~ oxide—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 embodirnent, the phase changing stage may further include an inverter
' coupled to the at least one first switch and the at least one second switch. Tlie inverter
may be configured to change the state of the phase changing signal. |
[0031] In an embodiment, a phase changmg stage for a transrmtter 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 oneﬁrst 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 suv1tch

such that only the at least one first transistor may be conﬁgured to be turned on in the at
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least one first state and only tHe #t 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 éignal switches from the at least
one first state to the at least one second stétef | |
[0032] FIG. 1 shéws a block diagram representation of a transmitter 102 with BPSK
modulation aécording 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. |
[0034] The phase changing stage 104 may be configured to receive ‘a phase changing
signal 114 (f‘B”), the phase changing ‘signal 114 may include at least one first state (not
shown) and at least one second state (not showﬁ) different from the af least one first state.

~ The pulse generator 106 may be configured to receive an input pulse 120 (“A”) at a pulse |
generator inpﬁt 122 and to generate a digital pulse 124 with a predetefmined pulse width
at a pulse generator output 126. The third switch 108 rﬁay be coupled to the pulse
generator output 126 so as to receive the digital pUlée 124, the ciigitai pulse 124 may be
'conﬁgured to control the third switch 108. The thjrd 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 bscillator 110 may be conﬁguréd to generate a UWB
pulse 130 at an oscillator output 132. The oscillator 116 may be further coupled to a |
voltage sﬁpply (VDD). »The amplifier 112 may bé coupled to .the oscillator 110 so as to
receiﬁe the UWB pulse 130 aﬁd the amplifier 112 xhay be conﬁgured to amplify the

UWB pulse 130 so as to generate an output pulse 134 at an amplifier output 160 to be

10
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transmitted. The output pulse 1‘34. at the »éimpliﬁe'r output 160 may be transmitted to an
antenna- 136.
[0035] In an 'emBodiment, for OOK modulation, data input may be through the pulse
genefator input 122 and the input pulse 120 to the pulse generator 106 may be a return to
zero (RZ) data}. The pﬁase changihg signél 114 may be set to either a légic one (high) ora
logic zero (low). |
[0036] For BPSK modulation, data input masf be through the phase éhanging stage 104
instead of the pulse generator 106. The input pulse 120. td the pulse generator 106 may be
a clock signal with a predetermined frequency F. The phase changiné 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 repres.entation‘of a transmitter 102 with BPSK
modulation according to an embodiment.
[0038] The t?ansmitter 102 may include a phase changing stage 104 cénﬁgured to receive
a phase changing signal 114 (“B”), the phase changing sigﬁal 114 including at least one
first state 116 and at least one second state 118 différent fro@ tﬁe 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 céuplcd to the at least one first switch 138; at least one first transistor .
 (NM4) coupled to the at ieast one ﬁrst switch 138; and at least éne second transistor
(NMS5) coupled to the at least one sec_ond switch 140; w_heréin the at least one first s§vitch |
138 may.be configured or arranged to operate in an opposing manner to the at least one
secoﬁd switch 140 such that bnly 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

11
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second transistor (NMS) may Be configured to be turned on in the at least one second
state 118 upon. r_eceipt of the phase changing signal 114 by the at least one first switch
138 and the at leést one second switch 140 so as to achieve a change in an output phase
of the transmitter 102 when the phase changmg 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 ét least one second
 transistor (NMS) 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 secohd state 118 may be
a logic oﬂe or a logic zero. However, the at least one second state 118 may be different
from the at least oné first state 116. For example, when the at least one first staté 116
includes a logic one, the at least one second state 118 includes a 1ogic 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 é pass gate or a transmission
gate. A pass gate, a transmission gate, or an ahaiog switch,.may be defined as an
electronic element that may selectively block or pass a signal level from an input to an
output. The pass géte may include a PMOS transistor and an NMOS transistor. The .
~ control gates may be biaséd ina corﬂplementary manner so that bofh 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 inpuf pulse 120 (“A”j at a-pulse generator ihput'122 and to generate a digital

pulse 124 with a predetermined pulse width at a pulse generator output 126. The pulse

12
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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 rnay include a third
transistor (NMI). The third transistor (NMl) may include a metal-oxide-semiconductor
field-effect transistor (MOSFET), for example an n-type MOSFET (NMOS) or a p-type
MOSFEl (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 llO 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 (C1) and at least one second tunable capacitor
(C2). The at least one first tunable capacitor (C1) and the at least one second tunable .

~ capacitor (C2) may be coupled to ai tuning voltage (Vtune) positloned between the at
least one first tunable capacitor (C1). 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 trans1stor (NM3) may include an

13
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NMOS or a PMOS depending bn .user and desigh requirements. The oscillator 110 may
be further coupbled tova voltage supply (VDD).
[0044] Each of tﬁe at least one first inductor (L1) and the at least qné second inductor
(L2) 'rlnay include an inductance value in the range of bétween about 0.1 nH to about 5
nH, for example aboutb 1 nH. Each of thé at least one first tunable capacitor (C1) and the
at ieast one second tunable cat)acitor (C2) may include a capacitance value in the range of
between aboﬁt 0.1 ApF to about 5 pF, for example about 1 pF. Each of ﬂle at leas; one first
tunable capécitor (C1) and the at least one second tunabie 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 fa;:ilitate fast start-up and high output peak power, sizing of the af least |
one first transistor (NM4), the at least one secoﬁd transistor (NM5), tﬁe 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 arpund 0.6 pF. |
[0046] The transmitter 102 may furthgr include an ampliﬁef 112 coupled to the oscillator
110 so as to receive the UWB pulse 130, the a_mpliﬁér 112 may Be cohﬁgured to amplify
rthe UWRB pulse 130 so as to generate an output pulse 134 at an amplifier output 160 to be
transmitted. The ou@ut pulse 134 at the amplifier output 160 may be transmitted to an -
~ antenna (not shown). The émpliﬁer 112 may include at least one sikth transistor (NM6),
at least one seventh transistor (NM7), ét least one third inductor‘ (L3) and at leasf one |
fourth inductor (L4). Each of the at least one third inductor (L3) and the at least one
fourth iﬁductor (L4) may include an inductance value-ih the range of between abouf 0.1

nH to about 5 nH, for example about 1.5 nH. The amplifier 112 may form a buffer and

14
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may be used to drive about 106 Q ’loading and to stabilize the frequéncy of the oscillator
110. The output pulse 134 may be a differential output pulse 134. A resistor 156 with a
resistance of ‘ab01-1t 100 © may be positioned between the respective different outputs.
The émpliﬁer 112 may be switched on and off simultaneously Wich the oscillator 110
through a gate bias (ﬂot shown).- The sv-v-itching on and off of the ampliﬁe_r 112 may be
used to save the ﬁower consﬁmption. From FIG. 2, one can see that if the at least one
sixth transisfor (NM6) apd the at least one séventh transistor (NM7) 'are always on, the
power consumption may. be very big. Therefore, the at least one sixth transistor (NM6)_
and the at least oﬁe seventh transistor (NM7) may ohly be turned on -when there may be
an UWB i)ulse 130.

[0047] In an embodiment, the operation of the transmitter 102 may be as shown. The
operation may be based on the ex@ple wheﬁ the phase changing s.ignal 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 (NM1) may be off, there may be no current

flowing through the at least one first transistor (NM4), the at leést one second transistor

(NMS5), the at least one fourth transistor (NM2) and the at least one fifth transistor (NM3).

Then one may assu@e that Vy4o=Vyga. - Equation (1)
* [0049) When the at least ohe third trénsistor (NM1) may be on, sincé the at least one first

transistor (NM4) may be on and the at léast one second tra;nsistor (NMS5) may be off, the |

transistor width of the left branch may be an addition of W,;+W, and the width of right

branch may be W;. Therefore, one may have:
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1W+W

2 ' :
Ilefl 2 L nCox (V right ~ Vth ) : - Equation (2)
1 /A 2
Iright 2 L -5 H, ox( et th) ) v - E_quation (3)
1w, 2
W W = Ileft Inght - -2—7 nCox (I/ng Vth) - Equatio_n (4)
L =L =R, =R R, is the parasitic resistance of inductor) - Equation (5)
So the voltage drop difference on the two inductors is: '
1 w,

V,,-V,,=—R,,—ucC, V -V.)? .

Ll L2 2 srl L #n ( right rh) - Equatlon (6)
Vit Voss =V +Vpss _ - - Equation (7)
) 1. W, 2 ’
S Vpsa —Vpss = _ERsrl f#ncox (I/right Vi) - Equation (8)

We assume the loop gain may be:
Av = (gm24zx)(g_m3zz) = (gmzzl)(gmsszz) ) ' - Equation (9)
(here g,y = 8,35 and g,,=g,,) |
A, =real(|A| £0)
~ Therefore, the final output (assume buffer gain may be 4,) may be:
V.-V_=Real((V,, -V,3)4,4)
= _%Rsrl %#ncax (Vright - V:h)z | A | Alreal(ég) ) ) - Equaﬁon (10)

When the phase changing signal 114 may be a logic 0, which may mean that V44 may be

'off and V455 may be on. One may have:

V,-V.=-2R, ‘TWsuncox Vg~ Vi) | A| dreal(£0)
| A L,
= ER’” L Cor Vg =V4)" | A Areal(£0) ‘ ‘ - 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.
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[0050] FIG. 3 shows respective waveforms of a transmitter 102 when operating in On-
Off Key (OOK) modﬁlation mode according to an embodiment.
[0051] When the fransmitter 102 may operate in OOK modulation mode, the rising edge
of thé_ input pulse 120 (“A;’) may trigger the pulse genérator 106 to generate a nano-
second wide digital pﬁlse 124. The dig-ifal pulse 124 train may control the tail current
source of the osciliator 110 and consequently an UWB pulse 130 train may Be generated.
After amplification by the amplifier 11.2, the ;)utput pulse 134 may be'bsent to a matched
 antenna 136. | |
[0052] FIG. 4 shows respective waveforms of a transmitter 102 when.operating in BPSK
modulatién mode according to an embodiment. |
[0053] When the ’traﬁsmitter 102 may bperate in BPSK modulation mode, the risiné edge
of input pulse 120 (“A”) may trigger the pulsé generatér 106 to genérate a nano-second
~ wide digital pulse 124. As the inéut pulse 120 (“A”) may include a clock sighal witha
frequency F, that may mean that there may be a digital pulse 1-24 at each clock.
Consequently, a UBM pulse 130 may be generated. After ainpliﬁcation, the phase of the
output pulse 134 may be modulated by the NRZ phasé changing signal 114 (“B”).
[0054] For example, when the at least one ﬁrst_transistor (NM4) may be on and the at
least one second trapsistor (NMS5) may be off, an imbalance may be introduced to the .
“oscillator 110 and the oscillation méy start from one side. When fhe at least one first
transistor (NM4) may be off and the at léast one second trénsistor (NMS5) may be oﬁ, 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 'transmjttef 102 between the phase changing
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signal 114 with a logic 1 (input high) and the phése changing signal 114 with a logic 0
(input low). | |
[0055] FIG. 5 shnws a chip photo 158 of a transmitter 102 with BPSK modulation
according to an embodiment. |
[0056] The chip photn 158 shows the tfnnsmitter 102 including a phase changing stage
104, a pulse genefator 106, é third switch 108, an amplifier 112, an inductor-capacitor
tank stage 148 and an oscillator core stége 156. |
| [0057] FIG. 6 shows an output pulse 134 and an inp.ut.pulse 120 in time-domain of a
transmitter 102 when operating in OOK modulation mode according tn an embodiment.
[0058] When the transmitter 102 may be operating in OOK modulation mode, an input
data may be the inpnt pulse 120 (“A”) and the phase changing signal 114 (“B’;) (not
shown in FIG. 6) rnay be setto a ﬁ);ed value logic one nr zero. The input pulse 120 (“A”)
may toggle between a logic one and a logic zero. |
[0059] For OOK modulation mode, when the input‘ pulse 120 may bn 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 tnne-domam of a transmitter 102 when operating in OOK modulation .
. mode with the input pulse i20 being 5 logic one according to an emBodiment.
[0061] FIG. 8 shows an ontput pulse. 134 in frequency-dornain of a transmitter 102 nvhen |
operating in OOK modulation mode according to an embodiment.
[0062] FIG. 9A sh‘ows an outpuf pulse 134 of a transmitter 102 when operating in BPSK

modulation mode according to an embodiment. FIG. 9B shows a phase changing signal
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114 of a transmitter 102 when operating in BPSK modulation mode with a frequency of
about 30MHz a.c_cord.ing to an embodiment.
[0063] When the fransmitter 102 may be operating in BPSK modulation mode, an input
data i_nay be the phase changing signal 114 (“B”) and fhe input pulse 120 (“A”) (not
shown) may function aé aclock. .-
[0064] FIG. 10A éhows a zoomed-in view of the output pulse 134 as shown in FIG. 9A
of the transrﬂiﬁer 102 when operating in BPSK modulation mode with a phase »changing
A signal 114 being a logic zero accordinglto an embodimént. 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 shéws a zoomed-in view of the output pulse 134 as shown in FIG. 9A
of the transmitter 102 when operatiﬁg in BPSK modulation mode wifh a phase changing
signal 114 being a logic one according to an embodiment. FIG. 11B shost a phase
changing signal 114 of the transmitter 102 when qperating in BPSK modulation mode
with a frequency of about 30MHz accprding to an e_mbodimént.
[0066] FIG. 12 shows an output pulse 134 in fréqﬁency-domain of a transmitter 102
‘when operating in BPSK modulation mode accor_ding to an embbdiment. |
[0067] FIG. 13A sﬁows an output pulse 134 of a transmitter 102 when operating in
" BPSK modulation mode vﬁth a phasé changing signal 114 being a lbgic zero and when a
narrow digital pulse 124 is adopted ac‘cording to an _emi)odiment; FIG. 13B shéws a |
phase changing signal 114 of a transmitter 102 .when operating in BPSK modulation

mode with a frequéncy of about 40MHz according to an embodiment.
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[0068] FIG. 14A shows an oufputl pulse  1 34 in frequency-'domain of a transmitter 102
when operating m 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 1 14 being a logic nne or a logic zero. |
[0070] Further FIGS.13A; 13B, 14A and 14B may be similar to FIGs.10A, 10B, 11A and
11B except tnat a narrower digital pulsé 124 rnay be adopted in FIGs. i3A, 13B, 14A and
14B. Therefore, the respective pulse width in F IGs.13.Avand 14A may be narrower than
that as shown in FIGs.10A and 11A. |
[0071] FIG. 15A shows measurements of the respective first output pulée 152 and second .
output pulse 154 con'esponding to at Iéast 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'l 14 may be a logic
one.
[0073] FIG. 15B shows an inversion of the second ontput pulse 154 cnrresponding 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 signél 114 on 5 single plot according to an emBodiment.
[0074] The at least one first state 116 nf the phase changing signal 114 may be a-logic |
zero and the at least one second state 118 of the phnse changing signal 114 may be a logic

one.
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[0075] Table 1 below shows the fespect_ive measured results of the transmitter 102 in
respective 00K lmodulation and BPSK modulation. According to the table 1, the centre
frequency may bé 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 UA tdnabout 200 pA. The t’empera?ure may be about
room temperature,.between about 25 °C to 35 °C. The data voltage level may be between
a range of abbut 1V to about 1.8 V. The data rate may be between a fange 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 abouf 0.5 GHz to about

3.5 GHz. The modulation mode may be OOK or BPSK.

Table 1. The Measured Result of the OOK/BPSK UWB-IR Transmittér

Parameter Symbol | Conditions/Remar | Typical | Range _ units
ks
Centre Frequency f 4 3.9~4.1 GHz
Supply Voltage Vop . 1.8 1.6~2.0 A\
Total Drain Current Iy 150 126 ~ 200 PA
Temperature T _ : 27 Room °C
‘ ‘ temperature
Input / Qutput Characteristic. : .
Data Voltage Level A; B 1.6 1~1.8 \'%
Data Rate I 50% duty cycle 1 - 0.1~30 MHz
Output voltage Differential output
swing | Vs @ 1000 4.5 43~5 v
- Output Band Width BW 2 - 0.5~3.5 GHz
Modulator Parameters _ ' '
Modulation | ' OOK/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 énd
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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.
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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 Jeast 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.
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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 coinprising

an oscillator coupled to the phase changing stage and the third switch, the oscillator

- configured to genefate a UWB pulse gt an oscillator output.
5. The transmitter of clbai.m 4, further comprising
an amplifier coﬁpled'to the oscillator so as to receive the UWB pulse, the amplifier is
conﬁgufed 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 or5,
wherein the oscillator is further coupled to a voltage supply.
7. 'fhe transmitter of claixﬂ 5o0r6,
wherein the output pulse at the amplifier output is transmitted to an antenna. -
8. The transmitter of any one of plaims 1to7,

wherein the at least one first switch comprises a pass gate.

9. The transmitter of any one of claims 1 to 8,
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wherein the at least one second switch comprises a pass gate.
10. The transmitter of any one of claims 2 to 9,

wherciﬂ 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 ciafm 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 pfedetermined pulse width is configured to vary with number of the at least

one delay element.
14. The transmitter of any one of claims 3 t_q 13, |

wherein the third switch comprises at least one third transistor.
15. The transmitter of ény 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,
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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 compﬁses 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 leaét one ﬁrstiswitch;
at least one second switch coupled to the at least one ﬁrst switch;
at_least one first tfansigtor coupled to the at least one first switch; and

at least one second transistor coupled to the at least one second switch;
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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 svﬁtch is cohﬁgured 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.
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