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DIRECTIONAL SPEAKER FOR PORTABLE ELECTRONIC DEVICE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority of: (i) U.S. Provisional Patent 

Application No. 60/462,570, filed April 15, 2003, and entitled 'WIRELESS 

COMMUNICATION SYSTEMS OR DEVICES, HEARING ENHANCEMENT 

SYSTEMS OR DEVICES, AND METHODS THEREFOR," which is hereby 

incorporated herein by reference; (ii) U.S. Provisional Patent Application No. 

60/469,221, filed May 12, 2003, and entitled "WIRELESS COMMUNICATION 

SYSTEMS OR DEVICES, HEARING ENHANCEMENT SYSTEMS OR DEVICES, 

DIRECTIONAL SPEAKER FOR ELECTRONIC DEVICE, PERSONALIZED AUDIO 

SYSTEMS OR DEVICES, AND METHODS THEREFOR," which is hereby 

incorporated herein by reference; and (iii) U.S. Provisional Patent Application No. 

60/493,441, filed August 8, 2003, and entitled 'WIRELESS COMMUNICATION 

SYSTEMS OR DEVICES, HEARING ENHANCEMENT SYSTEMS OR DEVICES, 

DIRECTIONAL SPEAKER FOR ELECTRONIC DEVICE, AUDIO SYSTEMS OR 

DEVICES, WIRELESS AUDIO DELIVERY, AND METHODS THEREFOR," which is 

hereby incorporated herein by reference. 

[0002) This application is also related to: (i) U.S. Patent Application No. 

__ , filed concurrently, and entitled, "DIRECTIONAL WIRELESS 

COMMUNICATION SYSTEMS," which is hereby incorporated herein by reference; 

(ii) U.S. Patent Application No. __ , filed concurrently, and entitled, 

"DIRECTIONAL HEARING ENHANCEMENT SYSTEMS," which is hereby 

incorporated herein by reference; (iii) U.S. Patent Application No. __ , filed 

concurrently, and entitled, "METHOD AND APPARATUS FOR LOCALIZED 

DELIVERY OF AUDIO SOUND FOR ENHANCED PRIVACY," which is hereby 

incorporated herein by reference; and (iv) U.S. Patent Application No. __ , filed 

concurrently, and entitled, "METHOD AND APPARATUS FOR WIRELESS AUDIO 

DELIVERY," which is hereby incorporated herein by reference. 
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FIELD OF THE INVENTION 

[0003] The present invention relates to portable electronic devices and, more 

particularly, to directional speakers for portable electronic devices. 

BACKGROUND OF THE INVENTION 

[0004] Today, cellular telephones primarily include only a small speaker, 

sometime known as an earpiece, that is designed to be placed against the user's ear 

when the cellular telephone is in use. However, this means that the user cannot 

clearly hear the audio output from the speaker unless the cellular telephone is 

placed against the user's ear, with one of the user's hands being used to hold the 

cellular telephone against the ear. Further, it means that if the user should need to 

interact with the cellular telephone, such as entering phone numbers, the user would 

not be able to, in most cases, keep the earpiece against the user's ear. As a result, 

the user would not be able to simultaneously hear audio output while interacting with 

the cellular telephone. Use of headsets whether wired or wireless, can alleviate 

some of these difficulties. However, headsets and ear phones can be inconvenient 

and even uncomfortable to wear. 

[0005] Some phones have recently included speakerphones that are larger 

speakers designed to output audio signals to be heard though the cellular telephone 

is not placed against the user's ear. While this does allow the cellular telephone to 

be used in a speakerphone like fashion, the audio output is shared by others in the 

vicinity of the cellular telephone. The disadvantage with such an approach is that 

the user cannot use the cellular in a speakerphone type fashion unless they forego 

any privacy as to the conversation. 

[0006] Accordingly, there is a need for improved techniques to utilize wireless 

communication devices, such as cellular telephones, so that users can participate in 

conversations with greater ease of use and without a complete loss of privacy. 
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SUMMARY OF THE INVENTION 

[0007) The present invention pertains to a directional speaker for a portable 

electronic device. The directional speaker can be used with the electronic device to 

direct audio output in a directionally constrained manner. As a result, a certain 

degree of privacy with respect to the audio output is achieved for the user of the 

electronic device, yet the user need not wear a headset or ear phone, or have to 

hold a speaker against one's ear. The directional speaker can be integral with the 

electronic device. Alternatively, the directional speaker can be an attachment (or 

peripheral) to the electronic device. 

[0008] The electronic device can be a computing device, such as a personal 

computer, a portable computer, or a personal digital assistant. The electronic device 

can also be a media (e.g., CD or MP#) player, a portable radio, a communications 

device or an electrical musical instrument. One example of a communications 

device is a mobile telephone. 

[0009) The invention can be implemented in numerous ways, including as a 

method, system, device, apparatus, and a computer readable medium. Several 

embodiments of the invention are discussed below. 

[0010] As a personal wireless communication device, one embodiment of the 

invention includes at least: a microphone for sound pickup; a directional speaker for 

sound output; and a communication module operatively connected to said 

microphone and said directional speaker. The communication module supports two­

way communications over a wireless channel between said personal wireless 

communication device and another communication device. 

[0011] As a peripheral apparatus for an electronic device, one embodiment of 

the invention includes at least a directional speaker that provides ultrasonic sound 

output in a predetermined direction. The ultrasonic sound output by said directional 

speaker results in audio sound in the predetermined direction for a user of the 

electronic device. 
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[0012] As a peripheral device for a computing device, one embodiment of the 

invention includes at least a housing and a directional speaker coupled to said 

housing. 

[0013] A method for automatically selecting one of a plurality of potential 

speakers associated with an audio output device, said method comprising: obtaining 

device condition information pertaining to the audio output device; determining an 

appropriate one or more of the potential speakers to output an audio output from the 

audio output device based on the device condition information; and selecting the 

appropriate one or more of the potential speakers. 

[0014] Other aspects and advantages of the invention will become apparent 

from the following detailed description taken in conjunction with the accompanying 

drawings, which illustrate, by way of example, the principles of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The invention will be readily understood by the following detailed 

description in conjunction with the accompanying drawings, wherein like reference 

numerals designate like structural elements, and in which: 

[0016] FIG. 1A is a view of a mobile telephone with an integrated directional 

speaker according to one embodiment of the invention. 

[0017] FIG. 1 B is a perspective view of a flip-type mobile telephone with an 

integrated directional speaker according to another embodiment of the invention. 

[0018] FIG. 2 is a perspective view of a personal digital assistant with an 

integrated directional speaker according to one embodiment of the invention. 

[0019] FIG. 3 is a block diagram of an electronic device with wireless 

communication capability according to one embodiment of the invention. 

[0020] FIG. 4A is a block diagram of a directional audio conversion apparatus 

according to one embodiment of the invention. 

[0021] FIG. 4B is a block diagram of a pre-processor according to one 

embodiment of the invention. 

[0022] FIG. 4C is a block diagram of an estimation circuit for a pre-processor 

according to one embodiment of the invention. 

[0023) FIG. 5 illustrates different embodiments of directional speaker 

characteristics according to the invention. 

[0024] FIG. 6 is a flow diagram of audio signal processing according to one 

embodiment of the invention. 

[0025] FIG. 7 is a flow diagram of speaker selection processing according to 

one embodiment of the invention. 

[0026] FIG. 8 is a diagram indicating exemplary conditions that can be utilized 

to select the appropriate speaker. 
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[0027) FIG. 9A is a perspective view of a personal digital assistant with an 

attachable directional speaker according to another embodiment of the invention. 

[0028) FIG. 98 is a perspective view of a personal digital assistant with an 

attachable directional speaker according to another embodiment of the invention. 

[0029) FIG. 1 O is a perspective view of a mobile telephone with yet another 

attachable directional speaker according to one embodiment of the invention. 

[0030) FIG. 11 is a diagram depicting examples of additional applications 

associated with the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0031] The present invention pertains to a directional speaker for a portable 

electronic device. The directional speaker can be used with the electronic device to 

direct audio output in a directionally constrained manner. As a result, a certain 

degree of privacy with respect to the audio output is achieved for the user of the 

electronic device, yet the user need not wear a headset or ear phone, or have to 

hold a speaker against one's ear. The directional speaker can be integral with the 

electronic device. Alternatively, the directional speaker can be an attachment (or 

peripheral) to the electronic device. 

[0032] The electronic device can be a computing device, such as a personal 

computer, a portable computer, or a personal digital assistant. The electronic device 

can also be a media (e.g., CD or MP#) player, a portable radio, a communications 

device, or an electric musical instrument. One example of a communications device 

is a mobile telephone, such as a 2G, 2.5G or 3G phone. One example of an electrical 

musical instrument is an electric piano. 

[0033] Embodiments of the invention are discussed below with reference to 

FIGs. 1A-11. However, those skilled in the art will readily appreciate that the 

detailed description given herein with respect to these figures is for explanatory 

purposes as the invention extends beyond these limited embodiments. 

[0034] FIG. 1A illustrates a mobile telephone 100 with an integrated 

directional speaker according to one embodiment of the invention. The mobile 

telephone 100 is, for example, a cellular phone. The mobile telephone 100 includes 

a housing 102 that provides an overall body for the mobile telephone 100. The 

mobile telephone 100 includes a display 104. The mobile telephone 100 also 

includes a plurality of buttons 106 that allow user input of alphanumeric characters 

or functional requests, and a navigational control 108 that allows directional 

navigation with respect to the display 104. To support wireless communications, the 

mobile telephone 100 also includes an_antenna 110. In addition, the mobile 
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telephone 100 includes a microphone 112 for voice pickup and an ear speaker 114 

for audio output. The ear speaker 114 can also be referred to an earpiece. 

[0035] Additionally, according to the invention, the mobile telephone 100 also 

includes a directional speaker 116. The directional speaker 116 provides directional 

audio sound for the user of the mobile telephone 100. The directional audio sound 

produced by the directional speaker 116 allows the user of the mobile telephone 100 

to hear the audio sound even though neither of the speaker's ears is proximate to 

the mobile telephone 100. However, the directional nature of the directional sound 

output is towards the user and thus provides privacy by restricting the audio sound 

to a confined directional area. In other words, bystanders in the vicinity of the user 

but not within the confined directional area would not be able to directly hear the 

audio sound produced by the directional speaker 116. The bystanders might be 

able to hear a degraded version of the audio sound after it reflects from a surface. 

The reflected audio sound, if any, that reaches the bystander would be at a reduced 

decibel level (e.g., at least a 20 dB reduction) making it difficult for bystanders to 

hear and understand the audio sound. 

[0036] FIG. 1 Bis a perspective view of a flip~type mobile telephone 150 with 

an integrated directional speaker according to another embodiment of the invention. 

The mobile telephone 150 is, for example, a cellular phone. The mobile telephone 

150 shown in FIG. 1 B is similar to the mobile telephone 100 illustrated in FIG. 1 A. 

More particularly, the mobile telephone 150 includes a housing 152 that provides a 

body for the mobile telephone 150. The mobile telephone 150 includes a display 

154, a plurality of keys 156, and a navigation control 158. To support wireless 

communications, the mobile telephone 150 also includes an antenna 160. In 

addition, the mobile telephone 150 includes a microphone 162 for voice pickup and 

an ear speaker 164 for audio output. 

[0037] Moreover, according to the invention, the mobile telephone 150 

includes a directional speaker 166. In this embodiment, the directional speaker 166 

is provided in a lower region of a lid portion 168 of the housing 152 of the mobile 
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telephone 150. The directional speaker 166 directs audio output to the user of the 

mobile telephone 150 in a directional manner. The directional nature of the 

directional sound output is towards the user and thus provides privacy by restricting 

the audio sound to a confined directional area. 

[0038) The direction for the audio output by the directional speaker 116, 166 

can be estimated and thus fixed in advance. Hence, in one embodiment, the 

directional speakers 116, 166 shown in Fl Gs. 1 A and 1 B can be primarily structurally 

fixed with respect to their directional audio output. For example, the angle and 

direction can be set such that the directional speaker 116, 166 would output audio in 

the direction of the user's ears assuming that the user holds the mobile telephone 

100, 150 in front of them so as to view information on the display 104, 154. 

(0039) In other embodiment, the directional speakers 116, 166 can be 

structurally movable so that a user is able to alter the direction of the directional 

audio output to suit his needs. The directional speakers 116, 166 can, for example, 

be repositionable to allow repositioning of the output direction for the directional 

speakers 116, 166. The directional speakers 116, 166 can, for example, be 

repositionable by being mounted on a pivot, flexible wire or other rotatable or flexible 

member. 

[0040] In yet another embodiment, the mobile telephones 100, 150 include a 

knob or a switch that electronically controls the direction of the audio output. For 

example, assume the plurality of keys on the phone 150 shown in FIG. 1 B 

establishes the x-y plane, with x being approximately along the direction of the hinge 

of the phone. By turning the knob, a user can adjust the output direction of the audio 

signals from the directional speaker 166 in the y-z plane. 

(0041) Furthermore, the placement of directional speaker 116, 166 with 

respect to its housing 102, 152, respectively, can vary with implementation. 

Typically, however, the placement is designed to facilitate directing the output audio 

in the direction of a person that is to hear the audio sounds. In any case, the 

placement of the directional speaker 116 with respect to the housing 102 shown in 
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FIG. 1 A and placement of the directional speaker 166 with respect to the housing 

152 shown in FIG. 1 B are merely representative placements, as various other 

placement are possible. For example, a directional speaker could be placed near 

the ear speaker, near the display, on the outer or back surface of the housing, etc. 

[0042] FIG. 2 is a perspective view of a personal digital assistant 200 with an 

integrated directional speaker according to one embodiment of the invention. The 

personal digital assistant 200 includes a housing 202 that provides a body for the 

personal digital assistant 200. The personal digital assistant 200 includes a display 

204, an input pad 206, navigation buttons 208, and other buttons 210. The display 

204 presents information to be viewed by the user of the personal digital assistant 

200. The input pad 206, for example, allows user to select soft buttons or enter 

characters through gestures. The navigation buttons 208 allow a user to interact 

with information displayed by the display 204. The buttons 210 can provide various 

functions, such as initiating a particular operation, data entry, or item selection. 

[0043] Still further, the personal digital assistant 200 includes a directional 

speaker 212. The directional speaker 212 provides directional audio output for the 

user of the personal digital assistant 200. The audio output by the directional 

speaker 212 is not only directed in a predetermined direction but also substantially 

confined to that predetermined direction. As a result, the audio output by the 

directional speaker 212 is not easily heard by others but the user of the personal 

digital assistant 200. 

[0044] The positioning of the directional speaker 212 can be fixed or 

adjustable, as noted above with respect to Fl Gs. 1A and 1 B. If adjustable, the 

direction of the audio output is able to be altered. Still further, the placement of the 

directional speaker 212 shown in FIG. 2 is one possible embodiment; therefore, it 

should be recognized that the directional speaker 212 can be positioned in any of a 

wide variety of places on the personal digital assistant 200. However, in preferred 

embodiments, the directional speaker 212 is placed on the front side of the housing 

202. 
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[0045] The personal digital assistant 200 may or may not have wireless 

communication capabilities. However, if the personal digital assistant 200 does 

have wireless communication capabilities, the personal digital assistant 200 may 

also include one or more of a microphone and a traditional speaker. In yet another 

embodiment, the personal digital assistant 200 also includes a camera. If the 

personal digital assistant 200 has these components, then the user of the personal 

digital assistant 200 can, for example, use the personal digital assistant 200 as a 

video phone or participate in video conferences using the personal digital assistant 

200. By using the directional speaker 212 instead of a traditional speaker, the audio 

output from the personal digital assistant 200 can be directed primarily to the user of 

the personal digital assistant 200. Hence, the audio output enjoys a certain level of 

privacy without requiring the user of the personal digital assistant 200 to hold the 

personal digital assistant 200 to her ear or to wear a headset. As a result, the user 

of the personal digital assist 200 would be able to view the display 204 while also 

listening to audio output in a relatively private manner. 

[0046] FIG. 3 is a block diagram of a wireless communication device 300 

according to one embodiment of the invention. The wireless communication device 

300 is, more generally, an electronic device with wireless communication capability. 

The wireless communication device 300 can, for example, represent the mobile 

telephone 100 shown in FIG. 1A, the mobile telephone 150 shown in FIG. 18, or the 

personal digital assistant 200 shown in FIG. 2 (with such supporting wireless 

communication circuitry). 

[0047] The wireless communication device 300 includes a controller 302 that 

controls overall operation for the wireless communication device 300. A user input 

device 304 can represent one or more buttons or a keypad that enables the user to 

interact with the wireless communication device 300. A display device 306 allows 

the controller 302 to visually present information to the user of the wireless 

communication device 300. The controller 302 also couples to read-only memory 

(ROM) 308 and random access memory (RAM) 310. The wireless communication 

device 300 also includes a wireless communication interface 312 that enables the 
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wireless communication device 300 to couple to a wireless link 314 so that 

information can be transmitted between the wireless communication device 300 and 

another communication device. 

[0048) The wireless communication device 300 also includes a microphone 

316 and a directional speaker 318. The microphone 316 may be designed to pickup 

incoming audio signals with respect to a particular direction. The directional speaker 

318 is specifically designed to output audio sound in a confined direction. In one 

embodiment, the directional speaker 318 outputs ultrasonic sound that becomes 

audio sound so that a user of the wireless communication device 300 can hear the 

audio output. However, by using the directional speaker 318, other persons 

(besides the user) in the vicinity of the wireless communication device 300 would 

have difficulty hearing the audio output produced by the wireless communication 

device 300. • 

[0049) Still further, the wireless communication device 300 can also include a 

traditional speaker 320 and a camera 322. The traditional speaker 320 can be used 

when the user of the wireless communication device 300 is not concerned about 

privacy, desires others to hear the audio output, or is holding the device right next to 

one of her ears. The camera 322 can allow the wireless communication device 300 

to transmit video (or at least still images) to other devices over the wireless link 314. 

[0050] As shown in FIG. 3, the microphone 316, the directional speaker 318, 

the traditional speaker 320 or the camera 322, to the extent provided, are a part of or 

integral to the wireless communication device 300. However, it should be 

recognized that any of the microphone 316, the directional speaker 318, the 

traditional speaker 320 or the camera 322 could be provided external to the wireless 

communication device 300 and coupled thereto in a wired or wireless manner. 

(0051) FIG. 4A is a block diagram of a directional audio conversion apparatus 

400 according to one embodiment of the invention. The directional audio conversion 

apparatus 400 transforms audio input signals into directional audio output signals. 

The directional audio conversion apparatus 400 includes a pre-processor 402 and 
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an ultrasonic speaker 406. The pre-processor 402 can be implemented by hardware 

or software. In one embodiment, at least a portion of the pre-processor 402 can be 

internal to and thus part of the controller 302 shown in FIG. 3. In another 

embodiment, the pre-processor 402 can be separate circuitry, either within or 

external to the wireless communication device 300. The separate circuitry can be an 

integrated circuit. 

[0052) The ultrasonic speaker 406 is one type of directional speaker (e.g., the 

directional speaker 318). The pre-processor 402 receives audio input signals 408, 

and converts the audio input signals 408 into ultrasonic drive signals 410. The 

ultrasonic drive signals 410 are supplied to the ultrasonic speaker 406 to generate 

ultrasonic output 412. The ultrasonic output 412 is subsequently transformed, for 

example, by air to audio output 414. Typically, it is desirable to make the frequency 

spectrum of the audio output 414 as similar to the audio input 408 as possible. 

However, in some situations, it may be desirable to alter the frequency spectrum of 

the audio output 414 (as compared to the audio input 408) to provide enhanced 

hearing or to adapt to environmental or location-based characteristics. 

[0053) In one embodiment, to represent the different operations of the audio 

conversion apparatus 400 mathematically, assume that the audio input is 

represented by f(t), the ultrasonic carrier signals by wet, the drive signals by f1(t), the 

impulse response of the ultrasonic speaker or transducer by h(t), the ultrasonic 

output by g(t), and the audio output by y(t). Then, (ff f(t) dt2)112 * cos wet, represents 

one embodiment of pre-processing operations by the pre-processor to generate f1(t). 

This can be known as the basic pre-processing performed by a basic pre-processing 

circuit. Further, f1(t) ® h(t), represents the operation performed by the ultrasonic 

speaker to generate g(t), with the symbol ® denoting signal convolution operations. 

Finally, ff tat?- [ g2(t) ], represents self-demodulation of the ultrasonic output g(t) by air 

to generate the audio output y(t). 

(0054) The pre-processor can further perform a number of additional 

operations to modify the drive signals 410 before feeding them to the speaker. 
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Typically, one objective of such additional pre-processing is to make the frequency 

spectrum of the audio output signals 414 to be as similar to that of the audio input 

408 as possible. However, in some situations, it may an objective of such additional 

pre-processing to alter the frequency spectrum of the audio output 414 (as 

compared to the audio input 408) to provide enhanced hearing or to adapt to 

environmental or location-based characteristics. 

[0055] FIG. 4B is a block diagram of the pre-processor 402 according to one 

embodiment of the invention. The pre-processor 402, in this embodiment, includes 

a basic pre-processing circuit 450 and an estimation circuit 452. The estimation 

circuit 452 in a feedback loop formed by the basic pre-processing circuit 450. In 

FIG. 4B, D(t - r) represents delaying the audio input 408 by r, which is the total loop 

delay. 

[0056) FIG. 4C is a block diagram of the estimation circuit 452 according to 

one embodiment of the invention. In this example, H(t) represents the estimated 

impulse response of the ultrasonic speaker, and G(t) represents the estimated 

ultrasonic output, both subject to finite transmission bandwidth of the system. LPF1 

and LPF2 represent low-pass filter 1 and low-pass filter 2, respectively. 

[0057] The basic pre-processing circuit 450 can be of different embodiments. 

Assume F(t) represents the audio input f(t), shifted by 90 degrees. For an amplitude 

modulated signal pre-processing scheme, various embodiments for the basic pre­

processing circuit 450 can perform any one of the following operations: 

[0058] (1 + m * f(t)) * cos roct, for double side band with large carrier; 

[0059) f(t) * cos roct, for double side band suppressed carrier; 

[0060] (1 + m * f(t)) * cos roct m * F(t) * sin roct, for single side band large 

carrier; 

[0061] f(t) * cos roct - F(t) * sin roct, for single side band suppressed carrier; 

[0062) (1 + m * f(t))112 * cos roct, for modified amplitude modulation; and 
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[0063) (e(t) + m * f(t))112 * cos met, for envelope modulation, where e(t) = LPF 

(f(t)), or the envelope of f(t). 

[0064) For a phase modulated signal pre-processing scheme, various 

embodiments for the basic pre-processing circuit 450 can perform any one of the 

following operations: 

[0065] cos met+ cos (met+ If f(t) dt2), for phase modulation with carrier; and 

[0066] cos (met+ ff f(t) dt2), for phase modulation with suppressed carrier. 

[0067) FIG. 5 illustrates different embodiments of directional speaker 

characteristics according to the present invention. The directional speaker can, for 

example, be any of the directional speakers 116, 166, 212, 318 and 406 illustrated in 

Fl Gs. 1 A, 1 B, 2, 3 and 4A respectively. 

[0068] According to one embodiment, the directional speaker can be 

implemented using a piezoelectric thin film. The piezoelectric thin film can be 

deposited on a plate with many cylindrical tubes. An example of such a device is 

described in U.S. Patent No. 6,011,855, which is hereby incorporated by reference. 

The film can be a polyvinylidiene di-fluoride (PVDF) film, and can be biased by metal 

electrodes. The film can be attached or glued to the perimeter of the plate of tubes. 

The total emitting surfaces of all of the tubes can have a dimension in the order of a 

few wavelengths of the carrier or ultrasonic output. Appropriate voltages applied 

through the electrodes to the piezoelectric thin film create vibrations of the thin film 

to generate the modulated ultrasonic output. The vibrations cause resonance of the 

enclosed tubes. After emitted from the film, the ultrasonic output self-demodulate 

through non-linear mixing in air to produce the audio output. 

[0069] As one example, the piezoelectric film can be about 28 microns in 

thickness; and the tubes can be 9/64 inches in diameter and spaced apart by 0.16 

inches, from center to center of the tube, to create a resonating frequency of around 

40 KHz. With the ultrasonic output being centered around 40 KHz, the emitting 

surface of the directional speaker can be around 2 cm by 2 cm. A significant 
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percentage of the power of the ultrasonic/audio output generated by the emitting 

surface of the directional speaker can, in effect, be confined in a cone (virtual or 

physical). 

[0070) To calculate the amount of ultrasonic power within the cone, for 

example, as a rough estimation, assume that (a) the emitting surface is a uniform 

circular aperture with the diameter of 2.8 cm, (b) the wavelength of the ultrasonic 

signals is 8.7 mm, and (c) all power goes to the forward hemisphere. Then the 

power contained within the Full Width Half Mass (FWHM) of the main lobe is about 

97%, and the power contained from null to null of the main lobe is about 97.36%. 

Similarly, again as a rough estimation, if the diameter of the aperture drops to 1 cm, 

the power contained within the FWHM of the main lobe is about 97.2%, and the 

power contained from null to null of the main lobe is about 99%. 

[0071) Referring back to the example of the piezoelectric film, the FWHM of 

the signal beam is about 24 degrees. Assume that such a directional speaker is 

held by the user, such as in front of the user in one of the user's hands. The output 

from the speaker can be directed in the anticipated direction of the user's head, with 

the distance between the hand and the head being, for example, 10-30 inches. 

More than 75% of the power of the audio output generated by the emitting surface of 

the directional speaker is, in effect, confined in a virtual cone. The tip of the cone is 

at the speaker, and the mouth of the cone is at the location of the user's head. For 

example, the diameter of the mouth of the cone, or the diameter of the cone in the 

vicinity of the user's, can be about 4 to 12 inches. 

[0072) In another embodiment, the ultrasonic frequency is at 100 KHz, with 

convex surfaces to expand the beam (described below). The emitting surface of the 

directional speaker is around 5 cm by 1 cm. 

[0073] In yet another embodiment, the directional speaker can be made of a 

bimorph piezoelectric transducer. The transducer can, for example, have a physical 

cone of about 1 cm in diameter. In yet another embodiment, the directional speaker 

can be a magnetic transducer. In a further embodiment, the directional speaker 
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does not generate ultrasonic output but generates audio output directly, and the 

speaker includes, for example, a physical horn or cone to direct the audio output. 

[0074) In yet another embodiment, the power output from the directional 

speaker is increased by increasing the transformation efficiency (e.g., demodulation 

or mixing efficiency) of the ultrasonic signals. According to the Berktay's formula, as 

disclosed, for example, in "Possible exploitation of Non-Linear Acoustics in 

Underwater Transmitting Applications," by H. 0. Berktay, in J. Sound Vib., Vol. 2 

(4):435-461 (1965), output audio power is proportional to the coefficient of non­

linearity of the mixing or demodulation medium. 

[0075) In one embodiment, the direction of the audio output from the 

directional speaker can be adjusted electronically or manually. One approach is to 

attach the speaker to a base that can be rotated electronically or manually. The 

orientation of the base can be set by turning a knob on, for example, the phone 150. 

In another embodiment, the speaker is composed of a number of directional speaker 

components or a number of directional speakers. The phase among the signals 

from the directional speakers or directional speaker components can be modified to 

adjust the direction of the resultant beam. This is similar to techniques used in a 

phase-array antenna to adjust the direction of the beam. 

[0076) In another embodiment, the directional speaker can make use of a 

curved emitting surface (e.g., convex emitting surface) or a curved reflector. The 

curved emitting surface or reflector enables the width of the beam to be increased. 

[0077) FIG. 6 is a flow diagram of audio signal processing 600 according to 

one embodiment of the invention. Here, it is assumed that the wireless 

communication device contains not only a directional speaker but also a traditional 

speaker (e.g., ear speaker). The audio signal processing 600 is, for example, 

performed by a wireless communication device. As an example, the controller 302 

of the wireless communication device 300 illustrated in FIG. 3 can perform the audio 

signal processing 600. 
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[0078] The wireless communication device can be a mobile telephone. Such 

a mobile telephone can have dual modes of operation, namely, a normal or 

traditional mode, and a two-way or directional-speaker mode. In a normal-mode, the 

audio sound is produced directly from a traditional (or standard) speaker (e.g., an 

ear speaker integral with the mobile telephone (e.g., within its housing). Such a 

speaker is substantially non-directional (and further does not generate audio sound 

through transforming ultrasonic signals in air). In the two-way mode, the audio 

sound is produced by a directional speaker. In the two-way mode, the mobile 

telephone is, for example, operating as a walkie-talkie, a dispatch type 

communicator, or a video phone. 

[0079) The mobile telephone may also have a speakerphone mode in which 

audio output is produced by a speaker that allows those in the vicinity of the mobile 

telephone to hear the audio output. The speaker in this case is more powerful than 

the ear speaker but also substantially non-directional. Mode selection, whether 

manual or automatic, can also be used to select a speakerphone mode. 

[0080] Referring back to FIG. 6, the audio signal processing 600 initially 

receives 602 incoming audio signals over a wireless communication path. Next, a 

decision 604 determines whether a directional speaker is active. When the decision 

604 determines that the directional speaker is not active, then the incoming audio 

signals are output 606 to the traditional speaker of the wireless communication 

device. When the wireless communication device is a mobile telephone, the 

traditional speaker is, for example, an ear speaker (earpiece). On the other hand, 

when the wireless communication device is a personal digital assistant or portable 

computer, the traditional speaker could simply be a standard audio speaker. 

[0081) On the other hand, when the decision 604 determines that the 

directional speaker is active, then the incoming audio signals can be pre-processed 

608. As an example, the pre-processing can utilize the techniques described under 

FIGs. 4A-C. After the incoming audio signals are pre-processed 608, the pre-
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processed signals are converted 610 to ultrasound drive signals. Then, the 

directional speaker is driven 612 in accordance with the ultrasound drive signals. 

[0082) Following the operations 606 and 612, a decision 614 determines 

whether there are more incoming audio signals to be processed at this time. When 

the decision 604 determines that there are more incoming audio signals to be 

processed, then the audio signal processing 600 returns to repeat the operation 602 

and subsequent operations so that the additional incoming audio signals can be 

similarly processed. Alternatively, when the decision 614 determines that there are 

no more audio signals to be processed at this time, then the audio signal processing 

600 is complete and ends. 

[0083) Other than the operations 604 and 606 (which are not necessary when 

speaker selection is not available), the directional audio conversion apparatus 400 

illustrated in FIG. 4A can also perform the audio signal processing 600. 

[0084) FIG. 7 is a flow diagram of speaker selection processing 700 according 

to one embodiment of the invention. The speaker selection processing 700 is, for 

example, performed by a wireless communication device. As an example, the 

controller 302 of the wireless communication device 300 illustrated in FIG. 3 can 

perform the speaker selection processing 700. 

[0085) The speaker selection processing 700 begins with a decision 702 that 

determines whether a manual speaker selection has been made. When the decision 

702 determines that a manual speaker selection has been made, then the selected 

speaker is activated 704 in accordance with the manual request. The manual 

speaker selection can, for example, be made by a user in a variety of ways, such as 

by (a) a button on the device, (b) a user selection with respect to a user interface 

presented on a display, (c) a sensor in accordance with certain sensing conditions, 

or (d) other means. 

[0086) On the other hand, when the decision 702 determines that a manual 

speaker selection has not been made, then device condition information is obtained 

706. The device condition information can result from one or more sensors integral 
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or coupled to the device. The appropriate speaker to be selected is then determined 

708 based upon the device condition information. For example, if the wireless 

communication device was placed against the user's ear, then a sensor could detect 

(e.g., estimate) such placement and, as a result, use an earpiece type speaker. On 

the other hand, if the device is determined (e.g., estimated) to be at least a certain 

distance away from an object (such as the user's head or ear), then the directional 

speaker can be utilized. In any case, the appropriate speaker is then activated 710. 

Following the operation 704 or 710, the selection processing 700 is complete and 

ends. 

[0087] FIG. 8 is a diagram indicating exemplary conditions that can be utilized 

to select the appropriate speaker. The speaker selection processing 700 and the 

exemplary conditions shown in FIG. 8 assume that the wireless communication 

device has multiple speakers to be selected from, and at least one of which is a 

directional speaker and at least another of which a traditional speaker. 

[0088] Assume again that the wireless communication device is a mobile 

phone. The mode selection between the normal or traditional mode, and the two­

way or directional-speaker mode can be achieved manually or automatically. FIG. 8 

shows examples of different techniques to select the mode for the mobile telephone. 

In one embodiment, mode selection can be achieved through a switch integrated to 

the mobile telephone. The switch can be electrical, mechanical or electro­

mechanical. For example, a mechanical switch can be located right next to the 

traditional speaker. When the traditional speaker is against the user's ear, the 

switch will be pressed and the traditional speaker will be activated. 

[0089] In another example, mode selection can be determined based on a 

distance. The mobile telephone can include a sensor to sense the distance the 

mobile telephone (e.g., its ear speaker region) is from a surface. For example, such 

a sensor can use a light beam (e.g., infrared beam) to sense the distance. When 

the distance is very short, then the normal mode can be automatically selected, and 

when the distance is greater than the short distance, then the mobile telephone is 
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deemed not against the user's ear, so the two-way mode is automatically selected. 

One way to detect distance based on infrared beam is to measure the intensity of 

reflected beam. If the reflecting surface is very close to the infrared source, the 

intensity of the reflected beam would be high. However, if the reflecting surface is 

12" or more away, the intensity would be relatively much lower. As a result, by 

measuring the intensity of the reflected beam, distances can be inferred. 

[0090] In yet another example, mode selection can be based on orientation. If 

the mobile telephone is substantially in a vertical orientation (e.g., within 45 degrees 

from the vertical), the mobile telephone will operate in the two-way mode. However, 

if the mobile telephone is substantially in a horizontal orientation (e.g., within 30 

degrees from the horizontal), the mobile telephone will operate in the normal mode. 

A gyro (gyroscope) in the mobile telephone can be used to determine the orientation 

of the mobile telephone. In still another example, mode selection can be based on 

usage. For example, if the mobile telephone is receiving user input via its integral 

keypad, acting as a video phone, or playing a video, then the mobile telephone can 

be set to operate in the two-way mode. 

[0091] FIG. 9A is a perspective view of a personal digital assistant 900 

according to another embodiment of the invention. The personal digital assistant 

900 is generally similar to the personal digital assistant 200 shown in FIG. 2. 

However, the personal digital assistant 900 further includes a card 902 that is 

inserted into a card slot of the personal digital assistant 900. 

[0092] The card 902 is an add-on card that provides wireless communication 

capabilities as well as audio and video capabilities for the personal digital assistant 

900. More particularly, the card 902 includes a directional speaker 904, a camera 

906, a microphone 908 and an antenna 910. The directional speaker 904 provides 

confined audio output in a particular direction as noted above with respect to other 

embodiments. The camera 906 provides video input capabilities to the personal 

digital assistant 900. The microphone 908 allows audio input. The antenna 910 is 

used for wireless communications. Hence, the card 902 allows the personal digital 
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assistant 900, that otherwise does not support wireless communication or audio­

video features, to operate as a video phone or participate in video conferences. In 

this regard, the user's audio output (voice) can be picked up by the microphone 908, 

and the user's face or other desired picture or video can be acquired by the camera 

906. The user of the personal digital assistant 900 can then hear incoming audio by 

way of the directional speaker 904, which through its directional characteristics 

provides a certain degree of privacy to the user. Further, video input can be 

displayed on the display 204 for the benefit of the user. 

[0093] The card 902 can include circuitry within the housing of the card 902 to 

support the functionality offered by the card 902. The circuitry can pertain to various 

discrete electronic devices and/or integrated circuits. The circuitry can thus 

supplement the circuitry of the personal digital assistant 900. 

[0094] Although the card 902 includes wireless communication capabilities, a 

microphone, a directional speaker and a camera, it should be understood that other 

cards that can be used in a similar manner need not support each of these items. 

For example, in one embodiment, the add-on card could simply pertain to a 

directional speaker 904 and its associated circuitry (e.g., audio conversion 

apparatus). 

[0095] FIG. 9B is a perspective view of a personal digital assistant 920 

according to another embodiment of the invention. The personal digital assistant 

920 is also generally similar to the personal digital assistant 200 shown in FIG. 2. 

However, the personal digital assistant 920 further includes a card 922 that is 

inserted into a card slot of the personal digital assistant 920. 

[0096] The card 922 is an add-on card that provides directional audio 

capabilities for the personal digital assistant 920. The card 922 includes a 

directional speaker 904. The directional speaker 904 provides confined audio output 

in a particular direction as noted above with respect to other embodiments. The 

personal digital assistant 920 may or may not already support various other 

communications capabilities such as audio or video input, wireless voice 
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communications, and wireless data transfer. The card 922 can include circuitry 

within the housing of the card 922 to support the directional speaker 924. The 

circuitry can pertain to various discrete electronic devices and/or integrated circuits. 

The circuitry can thus supplement the circuitry of the personal digital assistant 900. 

Alternatively, the card 922 may rely significantly on circuitry within the personal 

digital assistant 920. 

[0097] The card 902, 922 can also take various forms. In one example, the 

card 902, 922 is a rectangular card often known as a PC-CARD or PCMCIA card. In 

another example, the card 902, 922 is of a smaller scale than a PC-CARD or 

PCMCIA card, such as a mini-card. In yet another example, the card 902, 922 is a 

peripheral device that plugs directly into a peripheral port (e.g., USB or FireWire), or 

is a peripheral device that is tethered to the personal digital assistant through a wire 

such as shown in FIG. 10. 

(0098] FIG. 10 is a perspective view of a mobile telephone 1000 and a 

peripheral attachment 1002. The mobile telephone 1000 includes a microphone 

1004 and an ear speaker 1006. The peripheral device 1002 is an add-on to the 

mobile telephone 1000 to provide an external speaker arrangement for use by the 

user of the mobile telephone 1000. More particularly, the peripheral attachment 

1002 includes a base 1008 that supports and positions a directional speaker 1010. 

The directional speaker 1010 has characteristics as noted above, namely, 

directionally constrained audio sound output. The base 1008 supports the 

directional speaker 1010. By repositioning the base 1008, the particular direction in 

which the constrained audio output is directed can be altered. The direction of the 

audio output can also be adjusted electronically by the techniques as described 

above. 

[0099] The base 1008 is also connected to a cord 1012 that, in turn, has a 

connector 1014. The connector 1014 can plug into a receptacle 1016 of the mobile 

phone 1000. In one example, the receptacle 1016 pertains to a headset jack or 

external speaker connector associated with the mobile telephone 1000. The 
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housing 1008 contains electronics to convert the standard audio signals that would 

be delivered to the housing 1008 via the receptacle 1016 of the mobile telephone 

1000. The electronic circuitry (e.g. pre-processing circuits in FIG. 4A) would then 

convert the audio signals to ultrasonic drive signals that would be used to drive the 

directional speaker 1010. The power necessary for the electronic circuitry within the 

base 1008 can be supplied by a battery or by a connection to a power source. The 

connection can be to a separate power source or to the power source associated 

with the mobile telephone 1000. Such connection can be through the cord 1012 or 

another cord. In another example, the receptacle 1016 can pertain to a peripheral 

port (e.g., Universal Serial Bus (USB) or FireWire, etc.). If the port provides both 

data and power, the electronics within the base 1008 can be powered via the cable 

of the peripheral port. Still further, such ports can transmit data signal to the base 

1008, which can produce the drive signal for the directional speaker 1010. In other 

words, at least a portion of the pre-processing operations can be performed by the 

mobile telephone 1000. In such an embodiment, the electronics required in the base 

1008 can be reduced as compared to other embodiments because electronic 

capabilities (e.g., circuitry) in the mobile telephone 1000 can be used to perform 

some of the operations needed to operate the directional speaker 1010 of the 

peripheral attachment 1002. 

[00100] In one embodiment, the peripheral attachment 1002 can rest on a flat 

surface, such as a table. In another embodiment, the peripheral attachment 1002 

can attach to a surface by any of a variety of means, including by way of adhesive, 

magnetic, clip or the like. For example, the peripheral attachment 1002 can be 

attached to some portion of the electronic device itself. 

[00101] FIG. 11 is a diagram depicting additional applications associated with 

the present invention. 

[00102) A number of embodiments have been described where the portable 

electronic device with a directional speaker is a mobile telephone. However, the 

invention can be applied to various other applications, with a number of examples 
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shown in FIG. 11. These various embodiments can be used separately or in 

combination. 

[00103) In one embodiment, the device can be an audio unit, such as a MP3 

player, a CD player or a radio. Such systems can be considered one-way 

communication systems. 

[00104) In another embodiment, the device can be an audio output device, 

such as for a stereo system, television or a video game player. In this embodiment, 

the device may not be portable. For example, the user can be playing a video game 

and instead of having the audio signals transmitted by a normal speaker, the audio 

signals, or a representation of the audio signals, are directed to a directional 

speaker. The user can then hear the audio signals in a directional manner, reducing 

the chance of annoying or disturbing people in his immediate environment. 

[00105) In another embodiment, the device can, for example, be used for a 

hearing aid. Different embodiments on hearing enhancement through personalizing 

or tailoring to the hearing of the user have been described in U.S. Patent Application 

No. __ , filed concurrently, and entitled, "DIRECTIONAL HEARING 

ENHANCEMENT SYSTEMS," which is hereby incorporated herein by reference. 

[00106) In one embodiment, the wireless communication device can function 

both as a hearing aid and a cell phone. When there are no incoming calls, the 

system functions as a hearing aid. On the other hand, when there is an incoming 

call, instead of capturing audio signals in its vicinity, the system transmits the 

incoming call through the directional speaker to be received by the user. 

[00107) In yet another embodiment, the device can include a monitor or a 

display. A user can watch television or video signals in the public, again with 

reduced possibility of disturbing people in the immediate surroundings because the 

audio signals are directional. 

[00108) The device can also include the capability to serve as a computation 

system, such as in a personal digital assistant (PDA) or a notebook computer. For 

example, as a user is working on the computation system for various tasks, the user 
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can simultaneously communicate with another person in a hands-free manner. Data 

generated by a software application the user is working on using the computation 

system can be transmitted digitally with the voice signals to a remote device. 

[00109] In yet another embodiment, the device can be a personalized system. 

The system can selectively amplify different audio frequencies by different amounts 

based on user preference or user hearing characteristics. In other words, the audio 

output can be tailored to the hearing of the user. The personalization process can be 

done periodically, such as once every year, similar to periodic re-calibration. Such re­

calibration can be done by another device, and the results can be stored in a memory 

device. The memory device can be a removable media card, which can be inserted 

into the system to personalize the amplification characteristics of the directional 

speaker as a function of frequency. The system can also include an equalizer that 

allows the user to personalize the amplitude of the speaker audio signals as a function 

of frequency. 

[00110] The device can also be personalized based on the noise or sound level 

in the vicinity of the user. The device can sense the noise or sound level in its 

immediate vicinity and change the amplitude characteristics of the audio signals as a 

function of the noise or sound level. 

[00111] A number of embodiments have been described with the speaker 

being directional. In one embodiment, a speaker is considered directional if the 

FWHM of its ultrasonic signals is less than about 1 radian or around 57 degrees. In 

another embodiment, a speaker is considered directional if the FWHM of its 

ultrasonic signals is less than about 30 degrees. In yet another embodiment, a 

speaker is transmitting signals towards a user's ear. The speaker is considered 

directional if in the vicinity of the user's ear, 75% of the power of its audio signals is 

within an area of less than 50 square inches. In a further embodiment, a speaker is 

considered directional if in the vicinity of the ear, 75% of the power of its audio 

signals is within an area of less than 20 square inches. In yet a further embodiment, 
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a speaker is considered directional if in the vicinity of the ear, 75% of the power of its 

audio signals is within an area of less than 13 square inches. 

[00112] Also, in one embodiment, a speaker can be considered a directional if 

most of the power of its audio signals is propagating in one general direction, 

confined within a virtual cone, and the cross-sectional angle of the cone is less than 

60 degrees. In another embodiment, the cross-sectional angle of the cone is less 

than 45 degrees. 

[00113] In another embodiment, a speaker is considered a directional if it is 

driven by ultrasonic signals. Such a directional speaker is also referred to herein as 

an ultrasonic speaker. Typically, the ultrasonic speaker produces an ultrasonic 

output that is converted into an audio output by mixing in air. For example, the 

ultrasonic output results from modulating audio output with an ultrasonic carrier 

wave, and the ultrasonic output is thereafter self-demodulated through non-linear 

mixing in air to produce the audio signals. 

[00114] The device is also applicable in a moving vehicle, such as a car, a boat 

or a plane. Again, a directional audio conversion apparatus can be integrated into or 

attachable to the moving vehicle. As an example, the moving vehicle can be a car. 

At the front panel or dashboard of the car, there can be a USB, PCMCIA or other 

types of interface port. The apparatus can be inserted into the port to generate 

directional audio signals. 

[00115] In yet another embodiment, one or more directional speakers are 

incorporated into a moving vehicle. The speakers can be used for numerous 

applications, such as personal entertainment and communication applications, in the 

vehicle. 

[00116] In one embodiment, the directional speaker emits ultrasonic beams. 

The frequency of the ultrasonic beams can be, for example, in the 40 kHz range, 

and the beams can be diverging. For example, a 3-cm (diameter) emitter generates 

an ultrasonic beam that diverges to a 30-cm (diameter) cone after propagating for a 

distance of 20 to 40 cm. With the diameter of the beams increased by 10 dB, the 
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ultrasonic intensity is reduced by around 20 dB. In another embodiment, the 

frequency of the beams is at a higher range, such as in the 200 to 500 kHz range. 

Such higher frequency ultrasonic beams experience higher attenuation in air, such 

as in the 8 to 40 dB/m range depending on the frequency. In yet another 

embodiment, the beams with higher ultrasonic frequencies, such as 500 kHz, are 

diverging beams also. Such embodiments with higher frequencies and diverging 

beams are suitable to other applications also, such as in areas where the distance of 

travel is short, for example, 20 cm between the speaker and ear. 

[00117] Regarding the location of the speaker, it can be mounted directly 

above where a user should be, such as on the rooftop of the vehicle above the seat. 

The speaker can be located closer to the back than the front of the seat because 

when a person sits, the person typically leans on the back of the seat. In another 

embodiment, the directional speaker is mounted slightly further away, such as at the 

dome light of a car, with ultrasonic beams directed approximately at the head rest of 

a user's seat inside the car. For example, one speaker is located in the vicinity of 

the corner of the dome-light that is closest to the driver, with the direction of the 

signals, pointing towards the approximate location of the head of the driver. 

Signals not directly received by the intended recipient, such as the driver, can be 

scattered by the driver and/or the seat fabrics thereby reducing the intensity of the 

reflected signals to be received by other passengers in the car. 

[00118] Instead of emitting ultrasonic signals, in one embodiment, the speakers 

can emit audio beams, with any directivity depending on the physical structure of the 

speaker. For example, the speaker is a horn or cone or other similar structure. The 

directivity of such a speaker depends on the aperture size of the structure. For 

example, a 10-cm horn has a "J.JD of about 1 at 3 kHz, and a ,JD of about 0.3 at 10 

kHz. Thus, at low frequency, such an acoustic speaker offers relatively little 

directivity. Still, the intensity of the beams goes as 1/R2
, with R being the distance 

measured from, for example, the apex of the horn. To achieve isolation, proximity 

becomes more relevant. In such an embodiment, the speaker is positioned close to 

the user. Assume that the speaker is placed directly behind the passenger's ears, 
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such as around 10 to 15 cm away. The speaker can be in the head rest or head 

cushion of the user's seat. Or, the speaker can be in the user's seat, with the beam 

directed towards the user. If other passengers in the vehicle are spaced at least 1 

meter away from the user, based on propagation attenuation (or attenuation as the 

signals travel in air), the sound isolation effect is around 16 to 20 dB. The structure 

of the horn or cone can provide additional isolation effect, such as another 6 to 10 

dB. 

[00119) In one embodiment, the user can control one or more attributes of the 

beams. For example, the user can control the power, direction, distance or 

coverage of the beams. 

[00120] Regarding the location of the controls, if the vehicle is a car, the 

controls can be on the dash board of the vehicle. In another embodiment, the 

controls are in the armrest of the seat the user is sitting on. 

[00121] The controls can be mechanical. For example, the speaker is at the 

dome light, and there can be a rotational mechanism at the dome light area. The 

rotational mechanism allows the user to adjust the direction of beam as desired. In 

one embodiment, the rotational mechanism allows two-dimensional rotations. For 

example, the beams are emitting at a 30 degrees angle from the roof top, and the 

rotational mechanism allows the beams to be rotated 180 degrees around the front 

side of the vehicle. In another embodiment, the elevation angle can also be 

adjusted, such as in the range of 20 to 70 degrees from the roof top. 

[00122) Another mechanical control can be used to turn the speaker off. For 

example, when the user stands up from the user's seat, after a preset amount of 

time, such as 3 seconds, the speaker is automatically turned off. 

[00123] The controls can also be in a remote controller. The remote controller 

can use Blue Tooth, WiFi, ultrasonic, or infrared or other wireless technologies. The 

remote controller can also include a fixed or detachable display. The remote 

controller can be a portable device. 
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[00124] Regarding other attributes of the beam, as to the power level of the 

signals, the souno level does not have to be too high. For example, the sound level 

can be about 60 dB SPL at 5 cm away from the speaker. 

(00125] The content of the signals from the speaker can be accessed in a 

number of ways. In one embodiment, the content, which can be from a radio station, 

is wirelessly received by the speaker. For example, the content can be received 

through the Internet, a WiFi network, a WiMax network, a cell-phone network or 

other types of networks. 

(00126] The speaker does not have to receive the content directly from the 

broadcaster, or the source. In one embodiment, the vehicle receives the content 

wirelessly from the source, and then through a wired or a wireless connection, the 

vehicle transmits the content to the speaker. 

[00127] In yet another embodiment, the content can be selected from a 

multimedia player, such as a CD player, from the vehicle. The multimedia player 

can receive from multiple channels to support multiple users in the vehicle. Again, 

the contents or channels can be received from a broadcast station and selected 

locally. Or, the content can be created on-demand and streamed to the user 

demanding it by a wireless server station. In yet another embodiment, the content 

can be downloaded to a multimedia player from a high-speed wireless network in its 

entirely before being played. 

(00128] Another type of control is to select the radio station or a piece of music 

on a multimedia player. Again, these types of selection control can be from a fixed 

location in the vehicle, such as there can be control knobs at the dashboard, 

console, arm rest, door or seat of the vehicle. Or, as another example, the selection 

controller can be in a portable device. 

[00129] A number of embodiments have been described regarding one 

speaker. In yet another embodiment, there can be more than one speaker for a 

user. The multiple speakers allow the creation of stereo or surround sound effects. 
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[00130) As described regarding the multimedia player, the player can receive 

from multiple channels to support multiple users in the vehicle. If there is more than 

one user in the vehicle, each user can have a directional speaker or a set of 

directional speakers. Regarding the locations of the speakers for multiple users, in 

one embodiment, they are centralized. All of the speakers are, for example, at the 

dome light of a vehicle. Each user has a corresponding set of directional beams, 

radiating from the dome towards the user. Or, the speakers can be distributed. 

Each user can have a speaker mounted, for example, on the rooftop above where 

the user should be seating, or in the user's headrest. Regarding control, each user 

can independently control the signals to that user. For example, a user's controller 

can control the user's own set of beams, or to select the content of what the user 

wants to hear. Each user can have a remote controller. In another embodiment, the 

controller for a user is located at the armrest, seat or door for that user. 

[00131] The various embodiments, implementations and features of the 

invention noted above can be combined in various ways or used separately. Those 

skilled in the art will understand from the description that the invention can be 

equally applied to or used in other various different settings with respect to various 

combinations, embodiments, implementations or features provided in the description 

herein. 

[00132] The invention can be implemented in software, hardware or a 

combination of hardware and software. A number of embodiments of the invention 

can also be embodied as computer readable code on a computer readable medium. 

The computer readable medium is any data storage device that can store data, 

which can thereafter be read by a computer system. Examples of the computer 

readable medium include read-only memory, random-access memory, CD-ROMs, 

magnetic tape, optical data storage devices, and carrier waves. The computer 

readable medium can also be distributed over network-coupled computer systems 

so that the computer readable code is stored and executed in a distributed fashion. 

[00133] The advantages of the invention are numerous. Different 

embodiments or implementations may yield different advantages. One advantage of 
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the invention is that audio output from an electronic device can be directionally 

constrained. The directionally constrained audio output can provide a certain degree 

of privacy for the user of the electronic device. Another advantage of the invention is 

to facilitate user interaction with the electronic device while also providing audio 

output to the user. 

[00134] Numerous specific details are set forth in order to provide a thorough 

understanding of the invention. However, it will be understood by those skilled in the 

art that the invention may be practiced without these specific details. The 

description and representation herein are the common meanings used by those 

experienced or skilled in the art to most effectively convey the substance of their 

work to others skilled in the art. In other instances, well-known methods, 

procedures, components, and circuitry have not been described in detail to avoid 

unnecessarily obscuring aspects of the present invention. 

[00135] In the foregoing description, reference to "one embodiment" or "an 

embodiment" means that a particular feature, structure, or characteristic described in 

connection with the embodiment can be included in at least one embodiment of the 

invention. The appearances of the phrase "in one embodiment" in various places in 

the specification are not necessarily all referring to the same embodiment, nor are 

separate or alternative embodiments mutually exclusive of other embodiments. 

Further, the order of blocks in process flowcharts or diagrams representing one or 

more embodiments of the invention do not inherently indicate any particular order 

nor imply any limitations in the invention. 

[00136] The many features and advantages of the present invention are 

apparent from the written description and, thus, it is intended by the appended 

claims to cover all such features and advantages of the invention. Further, since 

numerous modifications and changes will readily occur to those skilled in the art, it is 

not desired to limit the invention to the exact construction and operation as illustrated 

and described. Hence, all suitable modifications and equivalents may be resorted to 

as falling within the scope of the invention. 

What is claimed is: 
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CLAIMS 

1. A personal wireless communication device, comprising: 

a microphone for sound pickup; 

a directional speaker for sound output; and 

a communication module operatively connected to said microphone and 

said directional speaker, said communication module supporting two-way 

communications over a wireless channel between said personal wireless 

communication device and another communication device. 
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EX1048 - Page 34

DIRECTIONAL SPEAKER FOR ELECTRONIC DEVICE 

ABSTRACT OF THE DISCLOSURE 

A directional speaker for an electronic device having audio output 

capabilities is disclosed. The directional speaker can thus be used with the 

electronic device to direct audio output in a directionally constrained manner. As 

a result, a certain degree of privacy with respect to the audio output is achieved 

for the user of the electronic device, yet the user need not wear a headset or ear 

phone, or have to hold a speaker against one's ear. The directional speaker can 

be integral with the electronic device. Alternatively, the directional speaker can 

be an attachment (or peripheral) to the electronic device. 

Patent Application 34 Docket No.: IPVBP003 
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