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1. Field of the Invention -

The present invention relates to radio communications. More
particularly, the present invention relates to a novel and improved dual
band antenna in a radiotelephone.

II. Description of the Related Art

Wireless forms of communications are rapidly becoming the standard
means for communication. Home cordless telephones, lap top computers
with wireless modems, satellite radiotelephones, and cellular
radiotelephones -are all examples of how technology is evolving to enable

" people to stay in touch at any location.

Users of radiotelephones are looking for smaller and lighter devices
to meet their increasingly mobile hfestyle 'In order to fill this demand,
multiple communication functlons are bemg combined into a single unit.

An example of such a cominunication device is a radiotelephone that™ "

communicates in multiple frequency bands.

There are a variety of different radxotelephone systems in use today.
These include the cellular systems such as those based on Advanced Mobile
Phone System (AMPS), Time Division Multiple Access (TDMA), and Code
Division Multiple Access (CDMA). Additionally, personé\l communication
services (PCS) systems based on the two digital standards (TDMA and
CDMA) are rapidly being developed that allow one to use a radiotelephone
at home or the office as a cordless telephone then switch to a cellular service
once out of the range of the home/office station.

The PCS systems and the cellular systems operate in different
frequency bands, thus requiring different antennas for maximum

~ transmission efficiency. The cellular systems typically operate in the 800

Mhz band while PCS systems are presently being designed for operation in
the 1900 Mhz band. There is a resulting need for a lighter and less costly
dual-band antenna system to allow operation of a single communications

- device in multiple frequency bands.
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bands. this first embodiment, the inner antenna has a sxgnal length of one-half
wavelength in the first RF band, and the outer antenna has a signal length
of one-half wavelength in the second RF band. Optionally, the inner and
outer antennas may be coupled together when operating in the first RF band
15  in order to improve the antenna gain pattern of the dual band antenna.

In a second embodiment of the present invention, the inner antenna
element radiates and receives RF signals in both the first and second RF
bands. In this second embodiment, the inner antenna has a signal length of
one-half wavelength of the first RF band when . operating in the first RF

'20 . band, and also has a signal length of one-half wavelength of the second RF
band when operating at the second RF band. When operating in the second
RF band, the outer antenna element is grounded, thus altering the signal
length of the inner antenna element to resonate in the second RF band.
Similarly to the first embodiment, the inner and outer antennas optionally

25 may be coupled together when operating in the first RF band in order to
improve the antenna gain pattern of the dual band antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

30 The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters

. identify correspondingly throughout and wherein:
FIG. 1 illustrates a first embédiment of the dual band antenna of the

35 present invention; o

FIG. 2 is a block diagram of the first embodiment of the dual band
antenna of the present invention;

FIG. 3 is a block diagram of a second embodxment of the dual band
antenna of the present invention;
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS |

10 In the preferred embodiment of the present invention, the dual band
antenna is efficiently operative at two frequency bands - 800 Mhz cellular,
and 1.9 Ghz PCS. However, it should be noted during the following
discussion that the teachings of the present invention are equally applicable

~ to other frequency bands and applications. For example, cellular systems in

15 many parts of the world operate at 900 Mhz instead of 800 Mhz. Likewise,
PCS systems in many parts of the world operate at;1.8 Ghz instead of 1.9 Ghz.
For the purposes of illustration, it will be sufficient to describe a dual band
antenna operative at both 800 Mhz and 1.9 Ghz. ' o

FIG. 1 illustrates a first embodiment of the dual band antenna. This T

20 embodiment is comprised of an inner. whip .antenna 102 surrounded by a.
conductive sleeve antenna 104. The sleeve antenna 104 is coupled to a feed
point 106 that provides the PCS-band signals. The inner whip antenna 102 is
coupled to a feed point 110 that supplies the cellular-band signals. Feed point
106 and 110 are preferably separated by an insulator 108. The physical

25 dimensions of sleeve antenna 104 are chosen such that sleeve antenna 104
acts as an efficient RF resonator at 1.9 Ghz, whereas whip antenna 102 acts as
an efficient RF resonator at 800 Mhz. Ny

The selection of the physical dimensions of each antenna 102 and 104
is partially dependent on the RF characteristics of equipment in close

30 proximity to dual-band antenna 100. For example, when dual-band antenna
is employed in a portable radiotelephone 500 as shown in FIG. 5, the
housing and structure of the radiotelephone 500 itself receive and radiate a
measurable amount of RF energy, acting as a type of supplemental antenna.
Thus, standard practice in the art is to take into account the RF

35 characteristics of the surrounding structure when choosing the signal length
of the antenna. Common -signal lengths for portable radiotelephone
antennas are 3/8 and 5/8 of a wavelength at the operating frequency.
However, for purposes of explanation, the present invention will be
described with reference to a whip antenna 102 which has a signal length of
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antenna 104 substantially surrounds whip antenna 102. Optionally, a
dielectric insulator (not shown) may also be inserted between whip antenna
102 and sleeve antenna 104. ,, |
The electrical connection of the first embodiment of the present
15 invention is shown in block diagram representation in FIG. 2. In FIG. 2, a
1.9 Ghz transceiver 206 is shown coupled to sleeve antenna 104 through
nnpedance matchmg circuit 204. RF signals generated by 1.9 Ghz transceiver
206 are radiated by sleeve antenna 104, and RF signals captured by sleeve
antenna 104 are received and demodulated by 1.9 Ghz transceiver 206. .
- 20 Similarly, an 800 Mhz transceiver-208 is shown coupled to whip antenna 102
through impedance matching circuit 202. RF signals generated by 800 Mhz
transceiver 208 are radiated by whip antenna 102, and RF signals captured by
whip antenna 102 are received and demodulated by 800 Mhz transceiver 208_..
_ When a radio employing the dual-band antenna embodiment of
25 FIGs. 1 and 2 is operating in the 1.9 Ghz frequency band, only sleeve antenna
104 radiates and receives RF energy. However, when the radio is operating
in the 800 Mhz frequency band, signals radiated by whip antenna 102 are also
coupled to sleeve antenna 104, providing for a more even antenna gain
pattern that would be achieved by whip antenna 102 alone. Nulls that
30 would normally be present in the antenna gain pat—fern of whip antenna 102
are partially filled in by the coupling of RF energy to sleeve antenna 104.
Optionally, a diode 210 may be connected between impedance
~matching circuits 202 and 204 such that both whip antenna 102 and sleeve
antenna 104 are directly fed by RF signals from 800 Mhz transceiver 208. In
35 this configuration, the antenna gain pattern at 800 Mhz is even further
improved due to direct feeding of the signal to sleeve antenna 104 rather
than inductive or capacitive coupling. However, diode 210 blocks RF signals
to whip antenna 102 when the phone is operating in the 1.9 Ghz frequency
band to avoid undesirable efficiency loss. Note that diode 210 may be
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5 4. In FIG. 4, sleeve antenna 404 is shown to be a helical antenna,
substantially surrounding whip antenna 402. The portion of whip antenna
402 extending from the top of sleeve antenna 4041s of a signal length of one-
half wavelength at 1.9 Ghz. The operation of this second embodiment is
shown in block diagram format in FIG. 3. In tl'us second embodiment, 1.9
10 Ghz transceiver 306 and 800 Mhz transceiver 308 are coupled through their
‘ respective matching circuits 304 and 302 to a pair of switches 310 and 312.
Sleeve antenna 404 is coupled to one pole of sW{itch 312, and whip antenna
402 is coupled to one pole of switch 310. When a phone employing this
second embodiment is operating in the 800 Mhz frequency band, switch 310
15 is coupled to terminal 318, and switch 312 is not coupled to ground terminal
314, thus providing 800 Mhz RF signals to whip antenna 402. As was stated
~ previously with respect to the first embodiment, the antenna gain pattern of
-whip antenna 402 is improved by the presence of the surrounding sleeve
antenna 404 Optionally, when the phone employing this second
20 embodiment is operating in the 800 Mhz frequency band, switch 312 may be -
coupled to optional terminal 316, further improving the antenna gain
pattern due to direct feeding of the signal to sleeve antenna 404 rather than
inductive or capacitive coupling.
In contrast to the first embodiment, when a phone employing this
25 second embodiment is operating in the 1.9 Ghz frequency band, RF signals
are not radiated or received through the sleeve antenna 404. Instead, the 1.9
Ghz signals are radiated and received on whi__p antenna 402 by coupling
switch 310 to terminal 320, while sleeve arg_ténna 404 is grounded by
coupling switch 312 to ground terminal 314. It should be noted that
30 although switches 310 and 312 are depicted as two separate switches in FIG.
3, they may also be implemented as one double-pole, double-throw switch.
As can be seen in FIG. 4, sleeve antenna 404 {(shown here as a helical
antenna) surrounds whip antenna 402. Thus, since sleeve antenna 404 is
grounded during 1.9 Ghz operation, the effective feed point for 1.9 Ghz
35 signals provided to whip antenna 402 shifts from feed point 410 to the top of
sleeve antenna 404 because sleeve antenna 404 shields any portion of whip -
antenna 402 which it surrounds. Thus, in contrast to the first embodiment, -
where the physical length of sleeve antenna 404 was chosen such that its
signal length was one-half wavelength at 1.9 Ghz, the physical length of
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dual-band antenna 100 of the present invention is shown. In the preferred

embodiment, sleeve antenna 104 is exposed externally to the housing of

radiotelephone 500 while whip antenna 102 may be extended to an exposed

15 position, or retracted to a stored position within the housing of

- radiotelephone 500. In operation in either frequency band, whip antenna

. 102 is preferably extended to the exposed position for optimum

i+ performance. However, the user of portable radiotelephone 500 need not re- -

~ adjust dual-band antenna 100 when switchihg-from 800 Mhz operation to

- 20 1.9 Ghz ‘operation, or vice-versa;. Additionally, when whip antenna 102 is

retracted to a-stored position, dual-band antenna 100 becomes compact and

rugged. Alternatively, the entire dual-band antenna assembly 100 may be
retractable within the housing of radiotelephone 500. '

The previous description of the preferred embodiments is provided

25 to enable any person skilled in the art to make or use the present invention.

The various modifications to these embodiments will be readily apparent to

those skilled in the art, and the generic principlés defined herein may be

applied to other embodiments without the use of the inventive faculty.

Thus, the present invention is not intended to be limited to the

30 embodiments shown herein but is to be accorded the widest scope consistent

with the principles and novel features disclosed herein.

ICLAIM:
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that sleeve antenna sébbndagntennaf elemend having a second feed point for receiving a
6 second RF signal within a second frequency band, said second antenna
element substantially surrounding said first antenna element, said second
8 antenna element for transmitting said second RF signal.

2. The dual band antenna system of claim 1 wherein said first
2 antenna element has a signal length of one-half a wavelength at said first
frequency band and said second antenna element has a s1gnal length one-

.4 halfa wavelength at said second frequency band.

3. The dual band antenna system of claim 2 wherein said first
2 antenna element is a whxp antenna and sald second antenna element is a
' sleeve antenna.

4. The dual band antenna system of claim 3 further comprising a

2 switch coupled to said first antenna element for coupling said first antenna
element to said second antenna element when said first antenna element is -

4 transmitting said first RF signal. |

5. The dual band antenna system of claim 4 wherein said switch
2 isadiode. '

6. The dual band antenna system of claim 5 further comprising
2 an insulator for electrically isolating said first antenna element from said
second antenna element. ' '

7. The dual band antenna system of claim 1 further comprising:
2 a first transceiver for generating said first RF signal;
a first matching circuit, coupled to said first transceiver and said first
4 antenna element, for matching an impedance of said first antenna element
at said first frequency band;
6 ' asecond transceiver for generating said second RF signal; and
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10.  The dual band antenna system of claim 9 further comprising a
2 switch coupled to said first antenna element for coupling said first antenna
element to said second antenna element when said first antenna element is -
'_ 4 transmitting said first RF signal. '

_ '11.  The dual band antenna system of claim 10 wherein said switch
>2+.+i5 a diode... : ' L ' -

12. The dual band antenna system of claim 11 further comprising
2 an insulator for electrically isolating said first antenna element from said
second antenna element.

13. A dual band antenna system, comprising:
2 a first antenna element having a feed point for receiving a first RF
signal within a first frequency band and a second RF signal within a second
4 frequency band, said first antenna element for transmitting said first and
second RF signals; and
6 a second antenna element, substantially surrounding said first
antenna element, for altenng the signal length of said first antenna element
8 .when said first antenna element is transmitting said second RF signal.

~ 14. - The dual band antenna system of claim 13 further comprising:
2 a first switch for coupling said first antenna element to said first RF
signal when said first antenna element is transmitting said first RF signal
4 and for coupling said first antenna element to said second RF signal when
said first antenna element is transmitting said second RF signal; and
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16. The dual band antenna system of claim 15 wherein said first
2 antenna element is a whip antenna and said second antenna element is a
sleeve antenna.

17.  The dual band antenna system of claim 16 wherein said second
2 switch couples said second ant:enna element to said first RF signal when said
first antenna element is transmitting said first RF signal.

18. The dual band antenna system of claim 17 further comprising
2 an insulator for electrically isolating said first antenna element from said
second antenna element.

19. The dual band antenna system of claim 13 further comprising:
2 . a first transceiver for generating said first RF signal;
a first matching circuit, coupled to said first transceiver and said first
4 antenna element, for matching an impedance of said first antenna element
at said first frequency band;
6 a second transceiver for generating said second RF signal; and
a second matching circuit, coupled to said second transceiver and said
8 first antenna element, for matching an impedance of said first antenna
element at said second frequency band.

20. The dual band antenna system of claim 19 further comprising:
2 . a first switch for coupling said first antenna element to said first
matching circuit when said first antenna element is transmitting said first
-4 RF signal and for coupling said first antenna element to said second
matching circuit when said first antenna element is transmitting said
6 second RF signal; and T e e '
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800 -Mz BF élegraritdisicoupléed taigroeund. 402. As was stated previously with
respect to the first enbodi nment, the antenna gain pattern of whi p
antenna 402 is | roved by the presence of the surrounding sleeve

ant enna 404. onallhe duglhandcardrnna system, ofiglaim 21swherein said first

2 antenna element is a whip antenna and said second antenna element is a
sleeve antenna.

. 23.  The dual band antenna system of claim 22 wherein said second
2 switch couples said second antenna element to said first matching circuit
. when said first antenna element is transmitting said first RF signal.-

24. The dual band antenna system of claim 23 further compnsmg
.2 an jnsulator for electrically ‘isolating said first antenna element from said
" second antenna element.

. This Sheet Has Been Relilace
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20 embodi nent is operating in the 800 Mz frequency band, switch 312 may be
- coupled to optional termnal 316, further inproving the antenna gain

pattern d iyect feeding of the signal to sl:eeve antenn rat her
|ﬁ%ﬂ% 5) : ﬁFﬁ%@P

t han I'Ve or capacitive coupling,J4 _ In co WP&"ﬂhe
first enbodi ment, when a phone enpl oyi ng thls 25 second enbodi nment i$
operating in.the 1.9 Ghz frequency band, RF signals are not radiated
or received through the sleeve antenna 404. Instead, the 1.9 Ghz

signals are radi ated and received on whi p antenna 402 by coupling

switch 310 to term nal 320, while sleeve antenna 404 is groundeq y
coupling switch 312 to ground termnal 314. It should be note at 30

al t hough switches 310 and 312 are depicted as two separa{g.aﬂ?fihes in FIG
3, they may al so be i npl ted as one d | epol e, doubl€=throw sw tch.

As can be seen in FIG 4, 8sl|leeve antenna (shown here as a helical

ant enna) surrounds whi p arnftenna 402. Thus, nce sl eeve antenna 404 is
grounded ‘during 1.9 Ghz operation, the eff ive feed point for 1.9 Ghz 35
signals provided to whip gntenna 402 shiftgEfirom feed point 410 to the top

of sl eeve antenna 404 because sl eeve ntenha16$4 shi el ds any portion
of whip ant enna 402 ich it surroundp. us, Tn contrast to the first
enbodi nent, where t

cfphysical | engt h sl eeve antenna 404 was chosen

such that its si gna lgngth was one- hpl® wavelength at 1.9 Ghz, the
physi cal |ength of 3
800 . ~
" MHz
o
t 1
A2 D
- FOR b
19 - . : 104
GHz '
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6
si gnal

the top of

" sl eeve antenna 404 in the second enbodi ment

wo¥Ridh

As was preV|oust stated with respect to

eeve antenna 404 is

one-

7

1

be of various constructions as are known in the art.

be solid, helical:

may be

Clearly, many

whi p ant enna 402
substantial |y surrounds whip* 0 an
FIG 5, a portable radlote[330¢ne 508

100 of the pres

or brai ded.

It al so may be either
further encased in a dielectric mater.i al

PCT/ US97/ 07111
I s chosen such that the - -
of 'the portion of whip antenna 402 that protrudes from

f wavel ength at BCEUSW7111

sl eeve antenna 404 5 nmay
For exanpl e,
rigid or flexible,

412 such as plastic.

It may
and

different constructi-ons for both sleeve antenna 404 and

1Tt FTTVCTIC T OTr1 ShO

sl eeve ant enna 104 M%’F(’fﬁﬁé&d axtern
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.radi ot el ephone 500 whil e whip antenna 102 may be extended to an exposed 15
‘position, or retracted to a stored position wthin the housing of
radiotele&@gggé% . I'n operation in either frequency band, waoTussbEIDna
102 is pr % V' extended to the exposed3fbsition. for optinmm
performance. However, the user of portable radiotel ephone 500 need not re-
adj ust dual - band antenna 100 when switching from 800 Mz operation to 20
1.9 Ghz operation, or vice-versa. Additionally, when whip antenna 102 is
retracted to a stored position, dual-band antenna 100 becones c act and
rugged. Alternatively, the entire dual -band antenna assenbly y be

retractable within the housing of radlotelephone 500. The
‘previ ous description of the pr rred emne RNt s i's~pro ed 25 to enable
any person skilled in théiart t@ make or "t he present invention. The

various nodifications to jfhese gnbodinents£#® || be readily apparent to
those skilled in the art, jand tHe generic @3 nciples defined herein nay be
~applied to other enbodi mehts wiMBout the uSe}of the inventive facul ty.
Thus, the present inventién i SFOR intendgd o be Iimted to the 30

enbodi nents shown herein but is3yo be accar gpgd-tif wZM dest scope consi stent
with the principles and ngvel tﬁéiures di | CLAI M

A2

FOR
800
MHz

FIG. 4
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CLAIM5 1. A dual band antenna system conpri sing:

“having a feed:- point for receiving a first RF signal within a first
frequency band and a second RF signal

mnthln a second fre ueqyéggﬂ
said W7/4i62kenna el enent: for. trans |ng said first a d RF
signals; a second antenna el enent subst tlaIIy surroundi ng said

first
antenna el enment for altering an electrical |ength of said first antenna
el enent when said fist antenna ele-’ ment |

is transmtting said second RF
signal; a first switch for couplin said first antenna element to

a first antenna elenent

el

o

FIG. 5



ki

S e e s )

- sai d second RF signal when -rsafd §irst man

ant enna el enent

nt is transmtting
"Fst antenna el enent to
enna elenent is transmtting

"sai.d sécond RF signal; and a second switch for RCEPLIAQ ! '
to ground when said first antenna el enen WEI

ting said second RF signal. 2. The dual band ant epng
‘wheérein said first antenna el enent has a signal | éehpREpIo
~wavel ength at said first frequency band when sai d spcgwt A
not qaaped to ground and wherein said first anten
llengt h of one-half a wavel ength at said second freg
second .antenna el enent i s coupled to ground.

| 1. A dual band antcnqé system. compdshg:
a first antenna .clcmc-ng}:having a feed point for receiving
2 ﬁl‘SthF signal within a first frequency band and 2
: ;:sctm;n tR‘F sxgnlal within a second frequency band. said
- Iast antenpa element for transmirt i '
 second RF signals: | smuting said first an4 |
?Sﬁcond antenna element. substantially surrounding said
ﬁrst antenna clement. for altering an electrical length of
- Said first antenna element when said fist antenna ele-
ment 1s Uansmxmngsald second RF signal: |
'afi ﬁrst switch fm: coupling said first antenna element to
| sznd ﬁr.st.RF signal when said first antenna element is
tmnsmlmng said first RF signal and for coupling said
sms; aﬁn;st:nnatcclcmc;x;i to said second RF signal when
.- Said first antenna clement is transmitting saj
RF signal: and ung said second
? “sce-qnd switch for coupling said second antenna element
“to ground when said first antenna element is transmit-
1 ung said second RF signal.
2. The dual band antenna system of clai 1
=1 icnna syste, aim 1 wherein saj
ﬁrstantcnna clement has a signal length of one-ha;fm:
wavelength at said first frequency band when said second
antenna element is not coupled to ground. and wherein said
?antcnna clement has a signal length of one-half a
avelength at said sccond frequency band when said second
antenna element is coupled to ground. @

system of ¢l ai.n

Sy



4;..‘

3. The dua,l; band.ant enna Systegm"”ﬂu - ﬂ ein said first antenna

el esent i s arwhi p’antenna and 4 mﬂu mnna el ement is a sleeve

.antenna; " 4. The dual band anté&nna gyst'ensof*claim er ej gfrsecond

“swi't ch"coupl es said second antenna el enent to said fﬁ%@é@g $EEET
5.

sai.d first antenna element is transnmit- ting said first RF signal.

The' dual band antenna systemof claim4 further gesprising an i nsul ator for
“electrically isolating said first antenna el ementxti ACRA WagAd ant enna
el enment 6. The dual band antenna system of cllaiffim—t— @npri si ng:

ant:nna element from said s
“+ 6. The dual band im.
comprisieg ': anteana system of Claun 1 further
: g:st ransceiver for generating said first Rstgnal
o matching circuit. coupled to said first transeciver
. said first antenna ejement. for matdnngan Imped-

\~  anceof said fir<t a L0
band: first antenna element at said ﬁ;"s__it;_&equcncy



,.a first transceiver for generating said first RF signal; a fi rst%gﬁalt .

‘coupled to said first transceiver and said first antenng@mSent for
mat chi ng an % ance of said first antenna el enent algiMpig first
frequency | and; VéP W&Wﬁﬁ‘é%‘?‘&?‘ﬂ%ratl ng s¥#second RF
i gna R

tram
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{54) Title: DUAL BAND ANTENNA
(57) Abstract

A novel and improved dusal band antenna system (100) comprising
an inner antenna element (102) surrounded by an outer antenna element -
(104). In a first embodiment, the inner antenna clement (102) radiates and
receives RF signals in a first RF band, and the outer antenna element (104)
radiates and receives RF signals in a second RF band. Optionally, the inner
and outer antennas may be coupled' together when operating in the first
RF band in order to improve the antenna gain pattern of the dual band
antenna (100). In a second embodiment, the inner antenna clement (102) -
radiates and receives RF signals in both the first and second RF bands. In
this second embodiment, when operating in the second RF band, the outer
antenna element (104) is a grounded, thus altering the signal length of the
inner antenna element (102) to resonate in the second RF band.
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