
typical cell phone represents approxi-
mately 3% power load. This makes
Bluetooth a technically viable commu-
nications option for handheld wireless
devices desiring to accommodate voice
and data services.

Bluetooth technology overview
The Bluetooth protocol stack as speci-
fied by the Bluetooth SIG is shown in
Figure 1. You can see there is a mixture
of Bluetooth specific and general pur-
pose protocols in technology mix. The
functionality below the Host Controller
Interface represents the base layer of the
Bluetooth foundation. 

Wireless connectivity has become increasingly more important in today’s high tech-
nology circles. IrDA was one of the first commercially used technologies used to
solve the complex problems of wireless connectivity. IrDA was widely incorporated
into a variety of handheld devices, but little used. Logistical problems of configura-
tion complexity coupled with technology limitations such as being a point-to-point
protocol requiring line of sight between two communicators have prompted indus-
try members to look for another wireless protocol solution.

In this month’s column, I’ll cover some history, introduce the baseline technology,
targeted applications, and talk about Extended Systems, a company that specializes
in providing wireless protocol software solutions to the wireless industry.

Some history
The Bluetooth Special Interest Group (SIG) was formed in May 1998. The founders
of this group were Ericsson, IBM, Intel, Toshiba, and Nokia. In December 1999, these
promoters were added: 3Com, Lucent, Microsoft, and Motorola. Today, there are over
2000 adopter members providing a vari-
ety of chipsets, software, applications,
and products incorporating Bluetooth
technology. Since Bluetooth was largely
positioned as being a more capable
replacement for IrDA, two key design
goals were the ability for the technology
to operate without requiring line of sight
and allowing a concept called “pico-
nets.” These are networks that are wire-
less and dynamic; the devices in the
piconet come and go over time.

Wireless options
Bluetooth doesn’t stand alone in technol-
ogy options for wireless connectivity.
802.11 and HomeRF are two wireless
standards that also address wireless
connectivity. Table 1 shows the various
wireless communication technology
options and outlines the characteristics
of each.

802.11 technology is very focused at
wireless LAN extensions. Power ratings
are not the main design goal. HomeRF is
an initiative to communicate with other
intelligent embedded devices in the
home with the home PC. Bluetooth pro-
vides close to the same data rate with the
added benefit of having a typical power
consumption of 1mWatt. That means
that Bluetooth power budget within a
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Figure 1

Technology Characteristics  

802.11 Wireless LAN
2 Mbps, 802.11b 11 Mbps
>100 mWatt  

HomeRF Home networking, many devices, accommodates data & voice
1 or 2 Mbps
100 mWatt  

Bluetooth Variable data rate technology accommodating data & voice
Variable bit rate to 720 Mbps
1 mWatt typical, up to 10 mWatt, ~50 mA @ 3 Volts  

Table 1
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bility that addresses ease of use characteristics for the technology.

Finally, several service models are outlined such as file transfer, Internet bridging,
and wireless headset.

Products
Sound technology is well and good, but without supporting products, it’s difficult for
equipment designers to implement the technology. The Bluetooth Web site (www.blue-
tooth.com) provides a variety of information about supporting chipsets and test equip-
ment solutions for developing hardware and validating Bluetooth equipment.

I wanted to spend some time covering Extended Systems (www.extendedsystems.
com), a developer of software solutions for a variety of wireless connectivity applica-
tions. Extended Systems has a product called XTNDAccess™ Blue SDK, a software
developers kit that provides the Bluetooth Protocol stack for the development of equip-
ment that includes Bluetooth controller hardware.

Figure 2 overviews the Extended Systems high level product. The Extended Systems
product defines four interfaces within the SDK: an applications API, device database
API, OS API, and host controller interface (HCI).

The operating system is expected to interface with the API and provide a multitask-
ing environment, semaphores, and timer services in addition to standard memory
management and interrupt service routine support. Although the software developer’s
kit can be ported to any operating system, some are easier than others. For example,
Extended Systems has a relationship with Microware Systems Corporation where the
kit has been ported into the OS-9 RTOS and is provided in source and object form,
saving the porting time. This approach allows the developer to focus on the applica-
tions for the device instead of pulling together the foundation.

The database API provides a persistent storage area for the Bluetooth protocols. For
embedded devices, this may be Flash or non-volatile RAM area. This is mainly used
by the service discovery protocol to maintain a database of local services.

The radio hardware interface is governed by the HCI interface. This standard inter-
face conformance enables one software interface to be developed so the SDK is eas-
ily interoperable with any radio hardware.

The stack itself implements L2CAP, RFCOMM, and SDP layers in addition to the
HCI API, event manager, and a management entity. ROM and RAM requirements
vary depending on the processor architecture and OS, but rough numbers come out
to approximately 30-40 Kbytes of ROM and greater than 4 Kbytes of RAM.

Will Bluetooth succeed where IrDA failed? The interest seems to be there. The
Bluetooth Developer’s Conference in December 2000 showed positive growth and
interest in the technology. At the Embedded Systems Conference in September 2000,
most embedded software solutions were addressing Bluetooth capability. Microware

Systems Corporation even had a Bluetooth demonstration running on
the OS-9 operating system in their booth.

The technology is solid. Bluetooth seems to have solved configuration
and capability issues of IrDA in addition to making power consumption
limited enough to make it a viable addition to handheld devices. Products
like Extended Systems Blue SDK provide Bluetooth stack capability and
APIs to enable Bluetooth to be integrated into the software foundation. A
note to all the wireless device manufacturers out there – “Tag, you’re it!” 

Curtis Schwaderer has studied and been involved in the development
of networked embedded systems for over 15 years. Curt can be
contacted at curtsch@juno.com

The Bluetooth Radio operates at radio
frequency in the 2.4 GHz ISM band.
Bluetooth defines something called the
“Host Controller Interface (HCI).” This
interface specification enables various
silicon to be implemented yet controlled
by the same software device driver. The
core protocols (everything below the HCI
line and the L2CAP block) are required
by most Bluetooth devices. The rest of
the protocols are dependent on the appli-
cation being implemented on the device.

The LMP layer implements a data link
layer for the Bluetooth protocol. This
layer also includes security features.
The L2CAP block works with the LMP
layer to provide the baseline service set
to any protocols above.

The RFCOMM layer presents a serial
UART interface to the layers above.
This emulation makes it an easy founda-
tion to stack PPP and AT command
blocks above this layer. The Object
Exchange layer (OBEX) is also speci-
fied to live on top of a serial service
layer. OBEX is borrowed from IrDA
technology and defines a folder listing
object, which makes it a great founda-
tion to support applications like elec-
tronic business cards.

The Telephony Control Protocol (TCP)
utilizes a standard WAN layer 3 protocol
called Q.931. If it sounds familiar, it
probably is. Q.931 implements the net-
work layer for Basic and Primary Rate
ISDN (who said ISDN is dead!).

The last standard block is the service
discovery protocol (SDP). Once Blue-
tooth devices are recognized within the
context of a piconet, the SDP queries the
device to determine the services avail-
able for the device. This provides an
automated piconet configuration capa-

Figure 2
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