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Universal Serial Bus Specification Revision 2.0

The J and K data states are the two logical levels used to communicate differential data in the system.
Differential signaling is measured from the point where the data line signals cross over. Differential data
signaling is not concerned with the level at which the signals cross, as long as the crossover voltage meets the

requirements in Section 7.1.2. Note that, at the receiver, the Idle and Resume states are logically equivalent to
the J and K states respectively.

As shown in Table 7-2, the J and K states for full-speed signaling are inverted from those for low-speed
signaling. The sense of data, idle, and resume signaling is set by the type of device that is being attached to a
port. If a full-speed device is attached to a port, that segment of the USB uses full-speed signaling conventions
(and fast rise and fall times), even if the data being sent across the data lines is at the low-speed data rate. The
low-speed signaling conventions shown in Table 7-2 (plus slow rise and fall times) are used only between a low-
speed device and the port to which it is attached.
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Universal Serial Bus Specification Revision 2.0

7.1.17 Cable Attenuation

USB cables must not exceed the loss figures shown in Table 7-6. Between the frequencies called out in the
table. the cable loss should be no more than is shown in the accompanying graph.

Table 7-6. Maximum Allowable Cable Loss

Frequency (MHz) Attenuation (maximum) dB/cable
0.064 0.08
0.256 0.1
0.512 0.13
0.772 0.15
1.000 0.20
4.000 0.39
8.000 0.57
12.000 0.67

24,000 0.95
48.000 1.35
96.000 1.9
200.00 3.2
400.00 58

Maximum Allowable Cable Loss
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Universal Serial Bus Specification Revision 2.0

7.2.3 Power Control During Suspend/Resume

176

Suspend current is a function of unit load allocation. All USB devices initially default to low-power. Low-
power devices or high-power devices operating at low-power are limited to 500 HLA of suspend current. If the
device is configured for high-power and enabled as a remote wakeup source, it may draw up to 2.5 mA during
suspend. When computing suspend current, the current from VBUS through the bus pull-up and pull-down
resistors must be included. Configured bus-powered hubs may also consume a maximum of 2.5 mA, with

500 pA allocated to each available external port and the remainder available to the hub and its internal functions.
If a hub is not configured, it is operating as a low-power device and must limit its suspend current to 500 pA.

While in the Suspend state, a device may briefly draw more than the average current. The amplitude of the
current spike cannot exceed the device power allocation 100 mA (or 500 mA). A maximum of 1.0 second is
allowed for an averaging interval. The average current cannot exceed the average suspend current limit (ICCSH
or ICCSL, see Table 7-7) during any 1.0-second interval (TSUSAVG1). The profile of the current spike is
restricted so the transient response of the power supply (which may be an efficient, low-capacity, trickle power
supply) is not overwhelmed. The rising edge of the current spike must be no more than 100 mA/jis.
Downstream facing ports must be able to absorb the 500 mA peak current spike and meet the voltage droop
requirements defined for inrush current during dynamic attach (see Section 7.2.4.1). Figure 7-48 illustrates a
typical example profile for an averaging interval. If the supply to the pull-up resistor on D+/D- is derived from
VBUS, then the suspend current will never go to zero because the pull-up and pull-down resistors will always
draw power.
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Figure 7-48. Typical Suspend Current Averaging Profile

Devices are responsible for handling the bus voltage reduction due to the inductive and resistive effects of the
cable. When a hub is in the Suspend state, it must still be able to provide the maximum current per port (one
unit load of current per port for bus-powered hubs and five unit loads per port for self-powerad hubs). This is
necessary 1o support remote wakeup-capable devices that will power-up while the remainder of the system is
still suspended. Such devices, when enabled to do remote wakeup, must drive resume signaling upstream within
10 ms of starting to draw the higher, non-suspend current. Devices not capable of remote wakeup must draw the
higher current only when not suspended.

When devices wakeup, either by themselves (remote wakeup) or by seeing resume signaling, they must limit the
inrush current on VBUS. The target maximum droop in the hub VBUS is 330 mV. The device must have
sufficient on-board bypass capacitance or a controlled power-on sequence such that the current drawn from the
hub does not exceed the maximum current capability of the port at any time while the device is waking up.
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