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4.1.1 Bus Topology
The Universal Serial Bus connects USB devices with the USB host.  The USB physical interconnect is a
tiered star topology.  A hub is at the center of each star.  Each wire segment is a point-to-point
connection between the host and a hub or function, or a hub connected to another hub or function.
Figure 4-1 illustrates the topology of the USB.
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Figure 4-1.  Bus Topology

4.1.1.1 The USB Host
 There is only one host on any USB system.  The USB interface to the host computer system is referred to

as the host controller.  The host controller may be implemented in a combination of hardware, firmware,
or software.  A root hub is integrated within the host system to provide one or more attachment points.

 Additional information concerning the host may be found in Section 4.9 and in Chapter 10, USB Host:
Hardware and Software.
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4.1.1.2 USB Devices
USB devices are:

• Hubs, which provide additional attachment points to the USB

• Functions, which provide capabilities to the system; for example, an ISDN connection, a digital
joystick, or speakers

 USB devices present a standard USB interface in terms of their:

• Comprehension of the USB protocol

• Response to standard USB operations such as configuration and reset

• Standard capability descriptive information

 Additional information concerning USB devices may be found in Section 4.8 and in Chapter 9, USB
Devices.

4.2 Physical Interface
The physical interface of the USB is described in the electrical (Chapter 7) and mechanical (Chapter 6)
specifications for the bus.

4.2.1 Electrical
USB transfers signal and power over a four wire cable, shown in Figure 4-2.  The signaling occurs over
two wires and point-to-point segments.  The signals on each segment are differentially driven into a cable
of 90 Ω intrinsic impedance.  The differential receiver features input sensitivity of at least 200 mV and
sufficient common mode rejection.

There are two modes of signaling.  The USB full speed signaling bit rate is 12 Mbs.  A limited capability
low speed signaling mode is also defined at 1.5 Mbs.  The low speed method relies on less EMI
protection.  Both modes can be simultaneously supported in the same USB system by mode switching
between transfers in a device transparent manner.  The low speed mode is defined to support a limited
number of low bandwidth devices such as mice, since more general use would degrade the bus
utilization.

The clock is transmitted encoded along with the differential data.  The clock encoding scheme is NRZI
with bit stuffing to ensure adequate transitions.  A SYNC field precedes each packet to allow the
receiver(s) to synchronize their bit recovery clocks.
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Figure 4-2.  USB Cable

The cable also carries VBus and GND wires on each segment to deliver power to devices.  VBus is
nominally +5 V at the source.  USB allows cable segments of variable lengths up to several meters by
choosing the appropriate conductor gauge to match the specified IR drop and other attributes such as
device power budget and cable flexibility.  In order to provide guaranteed input voltage levels and proper
termination impedance, biased terminations are used  at each end of the cable.  The terminations also


