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(57) ABSTRACT 

A method and apparatus for controlling the phase and fre 
quency of the local clock of a USB device, the apparatus 
comprising circuitry for observing USB traffic and decoding 
from the USB traffic a periodic data structure containing 
information about the frequency and phase of a distributed 
clock frequency, and phase and circuitry for receiving the 
periodic data structure and generating from at least the peri 
odic data structure a local clock signal locked in both fre 
quency and phase to the periodic data structure. The circuitry 
for receiving the periodic data structure and generating the 
local clock signal can generate the local clock signal with a 
frequency that is a non-integral multiple of a frequency of the 
periodic data structure. 
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DISTRIBUTED SYNCHRONIZATION AND 
TMING SYSTEM 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 12/279,328, filed Jan. 21, 2009, which is 
a national stage entry of International Application No. PCT/ 
AU2007/000155, filed Feb. 15, 2007, which is based on and 
claims the benefit of the filing date of U.S. Provisional Appli 
cation No. 60/773,537, filed Feb. 15, 2006, the contents of all 
of which are incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to a method and appa 
ratus for providing a distributed synchronization and timing 
system, of particular, but by no means exclusive, use in pro 
viding clocks, data acquisition and control of test and mea 
Surement equipment, instrumentation interfaces and process 
control equipment, synchronized to an essentially arbitrary 
degree. 

BACKGROUND OF THE INVENTION 

0003. The USB specification is intended to facilitate the 
interoperation of devices from different vendors in an open 
architecture. USB data is encoded using differential signal 
ling (viz. two wires transfer the information) in the form of the 
difference between the signal levels of those two wires. The 
USB specification is intended as an enhancement to the PC 
architecture, spanning portable, desktop and home environ 
mentS. 

0004. The USB specification assumes that devices differ. 
This is true for the intended environments in which devices 
from a multiplicity of manufacturers are connected, but there 
exist other environments (such as certain common industrial 
or laboratory environments) that require a specification for 
operating multiple devices of a similar nature in a synchro 
nized manner. The specification does not sufficiently address 
this issue. Such environments are typically those where test 
ing, measuring or monitoring is performed, and which require 
the devices to be synchronized to a more accurate degree than 
is specified. The USB specification allows limited inter-de 
Vice synchronization by providing a 1 kHz clock signal to all 
devices. However, many laboratory and industrial environ 
ments require synchronization at megahertz frequencies and 
higher. 
0005 USB employs a tiered star topology, where hubs 
provide attachment points for USB devices. The USB host 
controller which is located on the user's personal computer 
(PC), laptop or personal digital assistant (PDA) contains the 
root hub, which is the origin of all USB ports in the system. 
The root hub provides a number of USB ports to which USB 
functional devices or additional hubs may be attached. 
0006. In turn, one can attach more hubs (such as USB 
composite device) to any of these ports, which then provide 
additional attachment points via ports for further USB 
devices. In this way, USB allows a maximum of 127 devices 
(including hubs) to be connected, with the restriction that any 
device may beat most 5 levels deep. 
0007. The root hub in the host transmits a Start of Frame 
(SOF) signal packet every 1 ms to every device, the time 
between two SOF packets being termed a frame. Each mod 
ule receives this SOF packet at a different time, allowing for 
electrical delays inherent in USB topology. The topology 
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implies that there may be a significant time delay (specified as 
s380 ns) for receiving the same signal between a device that 
is connected directly to the host controller and a device, which 
is 5 levels down. This is a severe restriction when there is a 
need to synchronize devices at megahertz levels and above. 
Furthermore the USB specification allows the host controller 
to fail to transmit up to five consecutive SOF tokens. 
0008 Current synchronization between a USB host and a 
USB device is possible by two types of USB transfers, Inter 
rupt and Isochronous. Interrupt transfers allow guaranteed 
polling frequencies of devices with minimum periods of 125 
us, whereas isochronous transfers guarantee a constant trans 
ferrate. Both methods require there to be traffic between the 
device and host for synchronization to take place and there 
fore reserve more bandwidth for higher degrees of synchro 
nization. This unfortunately means that the available USB 
bandwidth can be used up before the maximum number of 
devices has been connected. This approach also places on the 
host the great computational burden of keeping 127 devices 
synchronized to the host by means of software, yet still fails to 
address maintaining synchrony between the devices as to the 
host the individual devices represent separate processes. 
0009. Devices that contain a physical transducer of some 
kind, Such as a laser diode or a photodetector, may require 
clock and trigger information. Such devices, such as a laser 
diode with a modulated light output at 1 MHz, may use a 
clock signal to perform transducer functions at regular inter 
vals or at a constant frequency. A trigger signal is usually used 
to start or end an operation at a set time. In the laser diode 
example, a trigger signal could be used to turn the modulated 
light output on or off. 
0010. These clock and trigger signals or information (re 
ferred to below as synchronization information) can be used 
to synchronize a multiplicity of devices to each other, pro 
vided the signals are common and simultaneous to all 
devices. Common and simultaneously here mean that the 
variation in time of these signals between the devices is less 
than a specified quantity, Öt. In the laser diode example, this 
would enable a multiplicity of laser diodes to modulate their 
light outputatone frequency. The modulation frequency of all 
devices would be the same, and their waveforms would be 
in-phase. The current USB specification (viz. 2.0) allows for 
delays in Öt of up to 0.35 us. For a signal with a frequency of 
1 MHz and a period of 1.0 us, this delay represents almost half 
of the period. It is thus unusable as specified as a synchroni 
Zation signal for routine use. 
0011 Devices like hubs and USB controller chips com 
monly use some amount of phase locking in order to decode 
the USB protocol. It is the purpose of the SYNC pattern in the 
USB protocol to provide a synchronization pattern for 
another electronic circuit to lock to. However, this is intended 
to synchronize the device to the USB bit streams to an accu 
racy sufficient to interpret MHZ bit streams. It is not intended 
to synchronize two separate devices with each other to an 
accuracy required by many test and measurement instru 
ments. The USB specification to the extent that it deals with 
inter-device synchronization is mainly concerned with Syn 
chronizing a USB-CD audio stream sufficiently for output on 
a USB-speaker pair. The requirements of Such an arrange 
ment are in the kHz range and, for this, the USB provides ideal 
conditions. However, the specification does not address the 
potential problems of synchronizing 100 USB-speaker pairs. 
0012. As discussed above, USB communication transfers 
data during regular 1 ms frames or in the case of the High 
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Speed USB specification in eight micro-frames per 1 ms 
frame. A Start of Frame (SOF) packet is transmitted to all but 
Low-Speed devices at the beginning of each frame and to all 
High-Speed devices at the beginning of each micro-frame. 
The SOF packet therefore represents a periodic low resolu 
tion signal broadcast to all but Low-Speed devices connected 
to a given Host Controller. 
0013 This SOF packet broadcast occurs at a nominal fre 
quency of 1 kHz. However, the USB specification allows a 
very large frequency tolerance (by instrumentation stan 
dards) of some 500 ppm (parts per million). The background 
art utilizes this low resolution frequency signal that is broad 
cast to each of the devices to provide clock synchronization, 
but only to the somewhat ambiguous frequency provided by 
the USB Host Controller. 
0014 U.S. Pat. No. 6,343,364 (Leydier et al.) discloses an 
example of frequency locking to USB traffic, which is 
directed toward a Smart card reader. This patent teaches a 
local, free-running clock that is compared to USB SYNC and 
packet ID streams; its period is updated to match this fre 
quency, resulting in a local clock with a nominal frequency of 
1.5 MHz. This provides a degree of synchronization sufficient 
to read the smart card information into the host PC. As this 
approach is directed to a Smart card reader, inter-device Syn 
chronization is not addressed. Further, neither a frequency 
lock to 1 kHz or better stability nor high accurate phase 
control is disclosed. 
0015 U.S. Pat. No. 6,012,115 and subsequent continua 
tion U.S. Pat. No. 6,226,701 (Chambers et al.) addresses the 
USB SOF periodicity and numbering for timing. As 
explained in the abstracts of these disclosures, the invention 
allows a computer system to perform an accurate determina 
tion of the moment in time a predetermined event occurred 
within a real-time peripheral device by using the start of 
frame pulse transmitted from a USB host controller to periph 
eral devices connected to it. 
0016. However, these approaches do not measure the fre 
quency of a periodic data structure contained within the USB 
data traffic for determination of the absolute frequency of the 
master clock in the USB Host Controller and in some cases 
rely on the provision of an additional counter in the host. 
0017 U.S. Pat. No. 6,092.210 (Larky et al.) discloses a 
method for connecting two USB hosts for the purpose of data 
transfer, by employing a USB-to-USB connecting device for 
synchronizing local device clocks to the data streams of both 
USB hosts. Phase locked loops are used to synchronize local 
clocks and over-sampling is used to ensure that data loss does 
not occur. This document, however, relates to the synchroni 
zation of the data streams of two USB hosts with each other 
(and with limited accuracy) such that transfer of information 
is then possible between said Hosts. The invention does not 
teach about the synchronization of a multiplicity of USB 
devices to a single USB Host or to a plurality of USB hosts. 
0018. The USB specification was written with audio appli 
cations in mind, and U.S. Pat. No. 5,761,537 (Sturges et al.) 
describes how to synchronize two or more pairs of speakers 
with individual clocks, where one pair operates off a stereo 
audio circuit in the PC and the other pair is controlled by the 
USB. Since both speaker pairs use their own clocks, they need 
to be synchronized so this document teaches one technique 
for maintaining synchronization of the audio signals despite 
possible clock skew between the asynchronous clocks. 
0019 U.S. patent application Ser. No. 10/620,769 dis 
closes a synchronized version of the USB, in which the local 
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clock of each device is synchronized on a given USB to an 
arbitrary degree. This document also discloses a method and 
apparatus for providing a trigger signal to each device within 
the USB such that an event may be synchronously initiated on 
multiple devices by the trigger signal. 
(0020 U.S. Pat. No. 6,904,489 (Zarns) discloses methods 
and systems for remotely accessing a USB device, in which a 
requesting device (Such as a personal computer) issues a 
request for a USB device, the request is intercepted and pack 
aged and then transmitted over a network. The packet is 
received by a USB host device, and the request is unpackaged 
and passed to the controller for processing by the USB device. 
0021 FIG. 1 is a schematic diagram of an exemplary back 
ground art synchronized USB device 10, connected to a digi 
tal USB 12, a clock signal and synchronization bus 14, and 
including a digitally controlled transducer 16. The device 10 
also includes a bus connector 18, digital I/O bus interface 
circuitry 20, a microprocessor 22, and synchronization chan 
nel 24 for passing synchronization information including 
trigger and clock signals to the transducer 16. 
0022. The device 10 is connected by means of the bus 
connector 18 to a digital USB 12 containing USB data and 
control signals for the USB device 10; clock signal and syn 
chronization bus 14 provides clock and synchronization sig 
nals. 

0023. Another synchronized USB device, disclosed in 
U.S. patent application Ser. No. 10/620.769, is shown sche 
matically at 10" in FIG. 2. Like reference numerals have been 
used to refer to like features in FIG. 1. In device 10", clock 
signals are generated locally to the synchronized USB device 
10' by decoding information present in the data stream of 
USB 12, through bus connector 18. In this device, all syn 
chronization is provided through USB 12 using standard USB 
cables and connectors (rendering the clock signal and Syn 
chronization bus 14 of FIG. 1 unnecessary). Synchronization 
channel 26 provides synchronization information including 
trigger and clock signals to digital transducer 16. 
0024. This architecture for synchronization of the local 
clock on each of a plurality of USB devices relies on periodic 
data structures present in the USB traffic. The preferred 
embodiment of U.S. patent application Ser. No. 10/620,769 
essentially locks the local clock infrequency and phase to the 
detection of a SOF packet token at the USB device. 
0025 FIG. 3 is a schematic representation of another 
embodiment of U.S. patent application Ser. No. 10/620,769. 
In this embodiment, a synchronization channel 26 operates by 
detecting and extracting information from a USB 12 as USB 
signal traffic passes through to digital I/O bus interface cir 
cuitry 20 (not shown in this figure), and by generating both a 
local clock signal 28 and a local trigger signal 30. 
0026. This embodiment employs circuitry to observe traf 
fic through the USB and decode all SOF packets, which 
results in a pulse once every 1 ms. The local clock signal 28, 
from a controlled oscillator clock 32, is locked to the recep 
tion of the USB 1 kHz SOF packet in both phase and fre 
quency. 

0027. This first requires the local high speed clock signal 
28 from clock 23 which may be, say, 1 MHz to be divided 
by a clock frequency divider 34 down to the frequency of the 
SOF packet reception (nominally at 1 kHz). Matched filter 36 
sends a clock synch signal 38 when a SOF packet arrives, 
which passes to a phase detector 40. The phase detector 40 is 
coupled to the controlled oscillator clock 32 via a filter 42. 
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0028. The local clock signal 28 is subsequently supplied to 
the transducer circuitry on the USB device (i.e. digital trans 
ducer 16 in FIGS. 1 and 2), thus ensuring that all devices 
attached to the root hub are locked in frequency to the point at 
which they receive the SOF packet token. 
0029. This arrangement is said to be able to produce a local 
clock signal to arbitrarily high frequencies, such as a clock 
frequency oftens of megahertz, and thereby to ensure that the 
local clock of each device connected to a given USB is syn 
chronized in frequency. U.S. patent application Ser. No. 
10/620,769 also teaches a method and apparatus to further 
synchronize multiple local clocks in phase by measurement 
of signal propagation time from the host to each device and 
provision of clock phase compensation on each of the USB 
devices. 

0030. However, the approach described in U.S. patent 
application Ser. No. 10/620,769 is limited in its ability to 
provide a precisely known clock frequency to each device. 
The arrangement described above by reference to FIG. 3 
locks the frequency of each local clock to the reception of the 
SOF packet token. The rate of SOF packet generation is 
driven by the local crystal oscillator on a host PC. This is 
generally inaccurate and the USB specification has a very 
large tolerance on clock frequency and Subsequent SOF rate. 
The USB specification dictates that the host controller must 
send a SOF packet at a rate of 12 MHZ +500 ppm (parts per 
million), that is, 12 MHZ +0.05%. 
0031. This is a very large tolerance for clocks. For 
example, a standard crystal oscillator has a central frequency 
tolerance of approximately 20 ppm with temperature stability 
of approximately t30 ppm across the usable temperature 
range. Even this tolerance is unacceptable for highly accurate 
clock systems. Time critical systems often require tempera 
ture stabilized crystal oscillators with centre frequency toler 
ance and temperature stability of approximately 5 ppm or 
better. 

0032 U.S. patent application Ser. No. 10/620,769 also 
teaches a method of controlling the synchronized USB clock 
frequency by manufacture of a special USB host controller 
with local clock of precisely controlled reference frequency. 
Such a system would then produce a USB data stream with 1 
kHz SOF clock accuracy of a few parts per million. This 
device is likely to be too costly to see widespread implemen 
tation in the highly competitive personal computer market; 
further, systems such as laptop computers and PDAs (per 
Sonal digital assistants) have no provision to add on an after 
market USB host controller. 

0033 U.S. Pat. No. 6,226,701 (Chambers et al.) discloses 
a system for time-stamping real-time events within a USB, 
employing multiple counters and comparing elapsed time 
since USB SOF packets. This system requires a counter in 
both the USB device and the USB Host Controller to be 
activated by SOF tokens. The counter in the device is acti 
vated by the external event and stopped by the next SOF. The 
counter in the Host controller is reset and started by each SOF. 
The USB host controller interrogates the peripheral device 
which transferS data to the host controller indicating (i) that an 
event has occurred, and (ii) the time before start of frame 
value of the first timer. The USB host controller interrupts the 
host processor and transfers to it the data related to the periph 
eral device. In this way the system of this document can 
determine the elapsed time since the external event occurred 
and the processor read the second timer. 
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0034. However, while the system of Chambers et al. can 
perform basic event time-stamping, it requires a specific 
hardware implementation of the USB Host Controller and is 
therefore not compatible with a generic implementation of 
USB. Furthermore, that system relies on PC interrupt features 
and the associated timing restrictions of the real-time clock of 
the Host PC. 

SUMMARY OF THE INVENTION 

0035. Thus, it is an object of this invention to supplement 
the USB specification such that any number of USB devices, 
up to some allowed maximum, can operate in a synchronized 
and triggered manner with local clocks both phase and fre 
quency locked to precisely controlled arbitrary frequencies. 
0036. It is another object of the invention to retain the 
advantages of USB while supplementing the USB specifica 
tion, including the ability to operate multiple devices via a 
tiered star architecture (up to a current total of 127 devices), 
hot-swap capability, automatic enumeration, ease-of-use, 
cross-operating system compatibility, and portability. 
0037. It is yet another object of this invention to provide 
highly accurate time-stamping of the events of a real-time 
system with generic implementation of USB Host controller 
hardware applicable to every USB. 
0038. In a first broad aspect, the invention provides a 
method and apparatus for controlling the phase and frequency 
of the local clock of a USB device, the apparatus comprising: 

0.039 circuitry for observing USB traffic and decoding 
from the USB traffic a periodic data structure containing 
information about frequency and phase of a distributed 
clock frequency and phase; and 

0040 circuitry for receiving the periodic data structure 
and generating from at least the periodic data structure a 
local clock signal locked in both frequency and phase to 
the periodic data structure. 

0041. Thus, the periodic structure acts as a carrier for 
clock information, without itself constituting the clock fre 
quency information. The clock may either be of the same 
frequency as the carrier or a different frequency according to 
any number of additional signals used to modify the carrier 
signal frequency. 
0042 Indeed, the local clock signal can be generated with 
a frequency that is a non-integral multiple (including Sub 
multiple) of that of the periodic structure/carrier signal; this is 
also the case in other aspects of the invention described below. 
That is, the local clock signal need not be generated with a 
frequency that is a fixed multiple of the frequency of the 
periodic structure/carrier signal, but rather with a frequency 
that is calculated based on the actual frequency of the periodic 
structure/carrier signal. For example, if the frequency of the 
periodic structure/carrier signa is 1.01 kHz, according to the 
present invention it is possible to synchronize to Substantially 
exactly 10 MHz (rather than to an integral multiple, such as 
10.1 MHz). 
0043. The circuitry for receiving the periodic data struc 
ture and generating a local clock signal may also be adapted 
to receive an information signal (such as from a microcon 
troller) and to generate the local clock signal from at least the 
periodic data structure and the information signal. 
0044) The circuitry for receiving the periodic data struc 
ture and generating a local clock signal may include a phase 
comparator, a controlled oscillator clock generator and fre 
quency synthesis circuitry for generating a clock signal of 
arbitrary frequency. 
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0045. The periodic data structure may comprise a USB 
Start of Frame (SOF) packet token. 
0046 According to a second broad aspect, the invention 
further provides a method for generating a local clock signal, 
comprising: 

0047 measuring a frequency of a periodic data struc 
ture (such as the SOF packet token) in a USB data 
Stream. 

0048. In one embodiment, the method further comprises 
determining a clock rate of a USB host controller from the 
frequency of the periodic data structure. 
0049 According to this broad aspect, the invention also 
provides an apparatus for generating a local clock signal, 
comprising: 

0050 a USB adapted to receive a USB data stream: 
0051 a reference signal source for providing a refer 
ence signal; and 

0.052 timing circuitry for comparing a periodic data 
structure in the USB data stream (such as the SOF packet 
tokens) with the reference signal and determining the 
frequency of the periodic data structure. 

0053 Thus, in this aspect the frequency of the periodic 
data structure can be determined, which may itself be used to 
determine, for example, the clock rate of a USB host control 
ler. 

0054) The USB may receive the USB data stream wire 
lessly, or the apparatus may include a USB bus connector for 
connection to the USB and for transmitting the USB data 
stream to the USB. 
0055. The apparatus will commonly be in the form of a 
USB device, but need not be. 
0056. The apparatus may be adapted to measure the fre 
quency of the periodic data structure in only one of a plurality 
of devices and be configured to transmit a signal to other 
devices to control their local clocks accordingly. 
0057 The reference signal or frequency source (in this and 
other embodiments) may comprise either a local reference 
clock or an external reference signal source (such as a con 
nector for connection to an external reference clock). If an 
external reference clock is employed in this regard, it may be 
of arbitrarily high accuracy, and could be in the form of, for 
example, a precision frequency reference (such as a Caesium 
or Rubidium clock), a Global Positioning System (GPS) time 
server or an IEEE-1588 time server. 
0058. The apparatus may include a time-stamp latch and a 
reference time-stamp signal Source, wherein the time-stamp 
latch is adapted to time stamp a data signal from the reference 
time-stamp signal Source, whereby the time-stamp informa 
tion can be synchronized to the reception of the carrier signal. 
0059. The reference time-stamp signal source may com 
prise a connector for connection to an external reference 
time-stamp signal source. 
0060. In a third broad aspect, the invention provides an 
apparatus for determining the clock rate of a USB host con 
troller, comprising: 

0061 a USB hub attachable to the USB host controller; 
0062) a reference signal source for providing a refer 
ence signal; 

0063 a USB device attached to the USB hub and having 
timing circuitry for comparing a periodic data structure 
in the USB data stream with the reference signal and 
determining the frequency of the periodic data structure 
So that an estimate of the clock rate can be made. 
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0064 Preferably, the apparatus comprises a plurality of 
USB devices attached to the USB hub, each having timing 
circuitry for comparing a periodic data structure in the USB 
data stream with the reference signal and determining the 
frequency of the periodic data structure, and the apparatus is 
operable to make respective estimates of the clock rate, 
wherein the apparatus further comprises a data processor for 
receiving the respective estimates of the clock rate and for 
determining the clock rate of the USB host controller from 
(such as by statistical analysis of) the estimates. 
0065. The apparatus may make the estimates of the clock 
rate in the timing circuitry of the respective USB devices, or 
in the data processor, or otherwise. 
0066. The reference signal source may be of arbitrarily 
high accuracy, and could be in the form of, for example, a 
common Global Positioning System (GPS) time server or of 
a respective GPS time server corresponding to each USB 
device. 

0067 Thus, a GPS time server can provide a reference 
clock signal to an arbitrary precision and phase accuracy to an 
arbitrary precision across the earth, but any other reference 
clock signal (preferably externally provided) is suitable. It 
should also be understood that any external distributed refer 
ence timing system (such as the synchronous Ethernet stan 
dard known as IEEE-1588) may also be used as the clocking 
reference source for ensuring a widely distributed synchro 
nous USB system. 
0068. In a fourth broad aspect, the invention provides a 
synchronized USB for synchronizing a plurality of USB 
devices, comprising: 

0069 an external reference clock signal provided to the 
plurality of USB devices enabling them to each synchro 
nize themselves to the external reference clock signal 
(and by implication to one another). 

0070 Thus, according to this aspect, an essentially unlim 
ited number of USB devices can be synchronized, so that the 
synchronous channel count of a synchronized USB can be 
increased beyond the present limit of 127 devices (including 
hubs) imposed by the USB specification. This enables the 
USBs to each synchronize themselves to that external refer 
ence signal. 
0071. According to this aspect of the invention, there is 
provided a method of synchronizing a plurality of USB 
devices, comprising: 

0.072 providing an external reference clock signal to 
the plurality of USB devices; and 

0.073 the USB devices synchronizing themselves to the 
external reference clock signal (and by implication to 
one another). 

0074 The method may include synchronizing events on a 
plurality of synchronized USBs. Preferably, the method 
includes communicating information to a further plurality of 
USB devices on said USB devices such that said further USB 
devices are triggered to execute commands or functions in 
real-time and as required by an operator. 
0075 Thus, according to this method, to extend the num 
ber of devices and the physical separation of devices that USB 
can Support in a synchronized system can be extended. USB 
can currently support 127 devices (including hubs) and with 
few exceptions is limited to a range of 30 m. In this aspect a 
GPS or IEEE-1588 signal (for example) can be used as the 
local timing reference for a plurality of USBs, so an essen 
tially unlimited number of devices may be included in the 
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system with no restriction on their locations. Hence, a glo 
bally synchronized system may be provided. 
0076. In a fifth broad aspect, the invention provides a 
method for reducing communication latency of a USB (such 
as for time critical applications, including control applica 
tions), comprising: 

0077 monitoring and decoding upstream USB data 
traffic associated with the USB; 

0078 extracting specific information packets from said 
upstream information; and 

0079 initiating at least one action according to content 
of the specific information packets. 

0080. The specific information packets may be processed 
by a local processor before being acted upon. 
0081. In one embodiment, the action includes communi 
cating with one or more other devices (that is, outside the 
USB environment). This communication may include trans 
mitting data to the other devices. The data may be communi 
cated through any communication channel, including a serial 
communication channel, aparallel communication channel, a 
wired communication channel, a fiber optic communication 
channel, and a wireless communication channel. 
0082. This aspect also provides a USB with reduced 
latency, comprising: 

I0083 a USB device with an upstream port; and 
I0084 a data decoder and processor for observing USB 

data traffic on the upstream port, decoding data struc 
tures present in the USB traffic, and initiating at least one 
action according to content of the data structures. 

0085 Thus, according to this aspect, a new class of USB 
control device is possible whereby the usual limitations of 
latency on the USB are reduced. 
I0086. In a sixth broad aspect, the invention provides a 
synchronized multichannel USB synchronizable to a syn 
chronized Ethernet, comprising: 

I0087 a USB host system: 
I0088 a synchronized multichannel USB; 

I0089 a plurality of USB devices coupled to the USB host 
system, each having a local clock and an absolute time reg 
ister; 

0090 wherein the local clocks of the USB devices are 
synchronized in frequency and phase, the absolute time 
registers of the USB devices are synchronized and 
clocked by the respective local clock, and the USB 
includes a synchronization channel whereby clock fre 
quency and time stamp information can be communi 
cated between the synchronized USB and the synchro 
nized Ethernet and a data channel for data 
communication with the synchronized Ethernet. 

0091. The synchronization channel may comprise one or 
more USB devices attached to the synchronized USB, a com 
pound USB Hub and USB device function, or a device that 
observes USB data traffic on the synchronized USB but is not 
an attached member of the synchronized USB. 
0092. In another broad aspect, the present invention pro 
vides a USB device, comprising at least one (and in some 
embodiments more than one) local clock, wherein the local 
clock is synchronized to the USB, whereby the local clock 
can be controlled to an arbitrarily precise frequency and 
phase. 
0093. The USB device may include a synchronizer for 
synchronizing the local clock with a carrier signal contained 
within a USB data stream, wherein accuracy of a local clock 
frequency and phase is not limited by an accuracy of a USB 
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Host Controller clock. In this (and other embodiments), the 
carrier signal may comprise USB data OUT tokens, IN 
tokens, ACK tokens, NAK tokens, STALL tokens, PRE 
tokens, SOF tokens, DATA0 tokens, DATA 1 tokens or pro 
grammable bit pattern sequences in the USB data packets. 
0094. It should be noted that the various features of each of 
the above aspects of the invention can be combined as desired. 
0095. In addition, apparatuses according to the invention 
can be embodied in various ways. For example, such devices 
could be constructed in the form of multiple components on a 
printed circuit or printed wiring board, on a ceramic Substrate 
or at the semiconductor level, that is, as a single silicon (or 
other semiconductor material) chip. 

BRIEF DESCRIPTION OF THE DRAWING 

0096. In order that the present invention may be more 
clearly ascertained, embodiments will now be described, by 
way of example, with reference to the accompanying draw 
ing, in which: 
0097 FIG. 1 is a schematic diagram of a background art 
synchronized USB device: 
0.098 FIG. 2 is a schematic diagram of another back 
ground art synchronized USB device: 
0099 FIG. 3 is a schematic diagram of the details of back 
ground art synchronized USB circuits; 
0100 FIG. 4 is a schematic diagram of a synchronized 
USB device according to a first embodiment of the present 
invention; 
0101 FIG. 5 is a schematic diagram of the synchroniza 
tion channel of the synchronized USB device of FIG. 4; 
0102 FIG. 6 is a is a schematic diagram of a device for 
synchronizing a USB according to a second embodiment of 
the present invention. 
0103 FIG. 7 is a schematic diagram of the timing mea 
surement circuitry of the USB synchronizing device of FIG. 
6; 
0104 FIG. 8 is a schematic diagram of a USB system 
according to a third embodiment of the present invention; 
0105 FIG. 9 is a schematic diagram of a USB system 
according to a fourth embodiment of the present invention; 
0106 FIG. 10 is a schematic view of a USB Timing Hub 
according to a fifth embodiment of the present invention; 
0107 FIG. 11 is a schematic view of a system for increas 
ing the synchronous channel count of a USB according to a 
sixth embodiment of the present invention; 
0.108 FIG. 12 is a schematic diagram of a synchronized 
USB according to a seventh embodiment of the present inven 
tion; 
0109 FIG. 13 is a schematic view of a globally synchro 
nized USB according to the embodiment of FIG. 12; 
0110 FIG. 14 is a schematic diagram of a USB synchro 
nized to an Ethernet according to a eighth embodiment of the 
present invention. 
0111 FIG. 15 is a schematic diagram of the USB-Ethernet 
synchronizing circuitry of the USB Timing Hub of the USB of 
FIG. 14; 
0112 FIG.16 is a schematic diagram of a hybrid USB hub 
according to a ninth embodiment of the present invention that 
provides a control path that is not subject to the normal USB 
latency delays; 
0113 FIG. 17 is a schematic diagram of the USB moni 
toring circuitry of the Hybrid USB Hub of the synchronized 
USB of FIG. 16; 
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0114 FIGS. 18A, 18B and 18C schematically illustrate 
the data insertion switch and method used in the USB moni 
toring circuitry of FIG. 17 to insert payload data into a USB 
data stream; 
0115 FIG. 19 is a schematic diagram of a USB with 
Hybrid USB Host Controller synchronized to an Ethernet 
according to a tenth embodiment of the present invention; 
0116 FIG. 20 is a schematic diagram of the Hybrid USB 
Host Controller of the USB of the embodiment of FIG. 19: 
0117 FIG.21 is a schematic diagram of a USB device with 
a notion of real time according to an eleventh embodiment of 
the present invention; 
0118 FIG.22 is a schematic diagram of the real time clock 
circuitry of the USB device of FIG. 21; 
0119 FIG. 23 is a timing diagram of the USB device of 
FIG. 21; and 
0120 FIG. 24 is a schematic diagram of a USB device 
according to a twelfth embodiment of the present invention 
that can accurately time stamp external events. 

DETAILED DESCRIPTION OF THE INVENTION 

0121. A USB device according to a first embodiment of 
the present invention is shown schematically at 50 in FIG. 4, 
with a USB 52. In this embodiment, clock synchronization 
information to allow the local clock of the USB device 50 to 
be frequency controlled to an arbitrary degree is passed to the 
USB device by a carrier signal (described below) that is then 
decoded from the USB data stream. 

0122) Referring to FIG. 4, USB device 50 includes a bus 
connector 54, digital I/O bus interface circuitry 56, a micro 
controller 58, a digitally controlled transducer 60 and syn 
chronization circuitry in the form of synchronizer 62 (de 
scribed in greater detail below). The digital I/O bus interface 
circuitry 56 acts as a transceiver for USB data detected at bus 
connector 54, passing the USB data to microcontroller 58. 
The microcontroller 58 provides information 64 to synchro 
nizer 62 for accurate frequency synthesis and a direct control 
channel 66 to digitally controlled transducer 60. 
0123. The carrier signal referred to above is a periodic data 
structure and hence usable as a carrier signal; in this and the 
other embodiments described below it is in the form of the 
SOF packet token, which provides a periodic low resolution 
signal of ambiguous frequency that is broadcast to all but 
Low-Speed devices connected to a given Host Controller. The 
carrier signal, once decoded from the USB traffic, is com 
bined with a scaling factor to generate synchronization infor 
mation and hence to synthesize a local clock signal with 
precise control of the clock frequency. 
0.124 Thus, FIG. 5 is a detailed schematic diagram of the 
synchronizer 62 of this embodiment. Synchronizer 62 
includes a matched filter 68 to observe USB traffic through 
bus connector 54, decode the aforementioned periodic carrier 
signals (in the form, in this embodiment, of SOF packet 
tokens) and send a clock synchronization signal 70 to local 
clock synthesis circuitry 72. 
0.125. A frequency-accurate local clock signal 74 is syn 
thesized from the decoded carrier signal (i.e. clock synchro 
nization signal 70), using information signal 76 provided by 
microcontroller 58. In this embodiment (and typically) local 
clock signal 74 has a frequency several orders of magnitude 
higher than has clock synchronization signal 70 and is divided 
down by a frequency divider 78 to a divided signal 80 of 
frequency closer to that of clock synchronization signal 70. 
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0.126 Local clock synthesis circuitry 72 manipulates its 
input signals (i.e. clock synchronization signal 70 and divided 
signal 80) according to information signal 76 provided by 
microcontroller 58. The resulting two output signals 82 and 
84 are passed to a phase comparator 86. The phase compara 
tor 86 is coupled via a filter 88 to a controlled oscillator clock 
generator 90. 
I0127. Accurate local clock signal 74 is then used as clock 
signal for trigger circuitry to generate a phase accurate trigger 
signal 92. Synchronizer 62 includes a further matched filter 
94 that also decodes USB data received through the USB bus 
connector 54 and produces a trigger enable signal 96 upon 
detection of the required trigger signal from the USB data 
stream. The trigger enable signal 96 is passed to a data latch 
98, which uses the local frequency accurate clock signal 74 to 
clock the trigger enable signal 96 through to form phase 
accurate trigger signal 92. 
I0128. According to this embodiment, therefore, it is pos 
sible to produce a clock signal stable to arbitrarily high fre 
quencies, such as a clock frequency oftens of megahertz, with 
stochastic jitter as low as a few nanoseconds or less, and with 
arbitrarily high frequency accuracy. 
I0129. As discussed above, the SOF packet broadcast 
occurs at a nominal frequency of 1 kHz, but the actual fre 
quency of this signal is determined by the accuracy of the 
USB Host Controller clock. A USB device 100 according to 
a second embodiment of the invention employs a method for 
determining the effective clock rate of the USB Host Control 
ler by accurately measuring the frequency of the SOF packet. 
This signal can then be considered a carrier for information 
about the Host Controller clock rate and the carrier signal is 
broadcast to all connected USB devices. The carrier signal 
embedded in the normal USB protocol is thus decoded and its 
frequency measured to determine the effective clock rate of 
the USB Host Controller clock. 
0.130 Thus, FIG. 6 is a schematic diagram of a device 100 
for synchronizing a USB according to a second embodiment 
of the invention, which includes a USB bus connector 102 for 
connection to a USB. Device 100 has a first connector 104 for 
receiving an external reference clock signal, and a second 
connector 106 for receiving an external reference time-stamp 
signal, by mean of which device 100 measures the frequency 
of the SOF packet signal (or carrier signal). Device 100 
includes USB monitoring circuitry 108 to observe the USB 
data stream, a microcontroller 110, timing measurement cir 
cuitry 112 and information bus 114 (incorporating an analog 
and/or a digital bus) for communication between microcon 
troller 110 and timing measurement circuitry 112. 
I0131) Although device 100 determines the SOF packet 
carrier signal frequency and by implication the USB Host 
Controller frequency, and can pass information about the 
frequency back to a microcontroller and indeedback to a host 
PC, it will be apparent to those skilled in the art that this 
approach may also be used with non-USB devices. For 
example, this approach may be used in a device that merely 
detects and decodes a USB data stream but is not a USB 
device. 
(0132 Although device 100 determines the SOF packet 
carrier signal frequency, it will be apparent to those skilled in 
the art that both the connector for receiving external reference 
clock signal 104 and the connector for receiving external 
reference time-stamp signal 106 can be bidirectional ports. 
Such bidirectional ports can transmit or receive clock and 
data signals (including time-stamp information) to or from an 
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external device. It will also be apparent to those skilled in the 
art that such signals can be used for controlling external 
devices. 
0.133 FIG. 7 is a more detailed schematic diagram of the 
timing measurement circuitry 112. Timing measurement cir 
cuitry 112 includes a matched filter 116 for decoding the 
carrier synchronization signal in the USB data stream to 
output a decoded carrier signal 118, and frequency measure 
ment circuitry 120 that compares decoded carrier signal 118 
with a local reference signal 122. The frequency measure 
ment circuitry 120 produces clock accuracy information sig 
nal 124 indicative of the absolute clock accuracy of the carrier 
signal and hence indicative of the clock rate of the USB Host 
Controller. (This clock accuracy information signal 124 is 
passed through information bus 114 of FIG. 6.) Local refer 
ence signal 122 is provided by multiplexer 126, which selects 
either local reference clock signal 128, generated by local 
reference clock 130, or an external reference signal 132 (pro 
vided by first connector 104), as controlled by microcontrol 
ler 110 through information bus 114. 
0134. The decoded carrier signal 118 is also used by time 
stamp latch 134, which time stamps a data signal 136 received 
from external time-stamp second connector 106, and output 
at 138 to information bus 114. In this way, absolute time 
stamp information from an external source can be synchro 
nized to the reception of the carrier signal. 
0135 FIG. 8 is a schematic diagram of a USB system 140 
according to a third embodiment of the present invention, in 
which a personal computer 142 with a USB Host Controller 
144 is attached to a single USB device 146 at a USB 148. The 
USB device 144 contains timing measurement circuitry 150 
(as per timing measurement circuitry 112 of FIG. 7) to mea 
Sure repetitive carrier signal frequency using an internal ref 
erence clock (comparable to local reference clock 130 of FIG. 
7) to an arbitrary degree. Thus, in this embodiment the abso 
lute frequency of the clock carrier signal of the USB Host 
Controller 144 is determined by means of circuitry (i.e. the 
timing measurement circuitry 150) contained solely within a 
USB device. Further, it will be apparent to those skilled in the 
art that, although this embodiment includes a personal com 
puter, alternative similar embodiments may instead include 
any device. Such as a personal digital assistant (PDA) or 
mobile communication device that contains a USB host con 
troller or USB on-the-go controller. 
0.136 FIG.9 is a schematic diagram of a USB system 160 
according to a fourth embodiment of the present invention, in 
which personal computer 162 with a USB Host Controller 
164 is attached to a USB hub 166 at a USB 168. USB Hub 168 
provides connectivity to a plurality of USB devices 170, each 
of which contains timing measurement circuitry (comparable 
to timing measurement circuitry 150 of USB system 140) to 
measure repetitive carrier signal frequency using an internal 
reference clock (comparable to local reference clock 130 of 
FIG. 7). Each of the USB devices 170 measures carrier signal 
frequency with some finite error. As the error is essentially 
random, statistical analysis is used to analyse measurements 
from the USB devices 170 and thereby reduce the overall 
uncertainty in measurement of the carrier signal frequency. 
0.137 Thus, in this embodiment, the absolute frequency of 
the clock carrier signal frequency of USB Host Controller 164 
is determined to a greater accuracy than would be achievable 
with a single USB device. 
0138 FIG. 10 is a schematic representation of a USB 
Timing Hub 180 according to a fifth embodiment of the 
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present invention. The USB Timing Hub 180 has an upstream 
port 182 for connection to a Host Controller (or intermediate 
upstream device between USB Timing Hub 180 and a Host 
Controller), a plurality of downstream ports 184 (that provide 
USB expansion), an external reference clock input port 186, 
and an external reference time-stamp input port 188. 
I0139 USB upstream port 182 is connected to USB Hub 
circuitry 190 that provides USB expansion to the plurality of 
downstream USB ports 184; one of the downstream USB 
ports 184 is directed to an internal USB device 192. Internal 
USB device 192 is connected to timing measurement cir 
cuitry 194 (comparable to timing measurement circuitry 112 
of FIG. 6) via a communication bus 196. The timing mea 
surement circuitry 194 contains an internal local reference 
clock (comparable to local reference clock 130 of FIG. 7) and 
also receives information from both external reference clock 
input port 186 and external time-stamp input port 188. The 
timing measurement circuitry 194 also observes USB data 
traffic on the upstream port 182 with USB monitoring cir 
cuitry 198 and uses this signal 199 to decode the USB Host 
Controller clock carrier signal for measurement of the carrier 
signal frequency. 
(O140 Thus, USB Timing Hub 180 contains both circuitry 
194 (of the type described by reference to FIG. 7) to deter 
mine the absolute clock rate of a USB Host Controller and 
normal USB Hub circuitry 190. Such a hybrid device pro 
vides both USB Host Controller clock carrier signal fre 
quency information and expansion of the USB. 
0.141. According to a sixth embodiment of the present 
invention, the synchronous channel count of a USB system 
can be extended beyond that allowed by the USB specifica 
tion (which is currently 127 devices including hubs). This 
embodiment allows a plurality of discrete USBs to be syn 
chronized by delivering a common external reference clock 
signal to each of the USBs. The common reference clock 
signal is then used to measure the USB Host Controller clock 
carrier signal of each of the USBs and subsequently to use that 
information to synthesize a known frequency on the local 
clocks on each USB device connected to any of the USBs to 
an essentially arbitrary degree. 
0142. Thus, FIG. 11 is a schematic view of a system 200 
according to a sixth embodiment for increasing the synchro 
nous channel count of a USB, in which a plurality of synchro 
nized USBs are synchronized to an arbitrary degree. The 
system 200 includes a plurality of personal computers 202, 
each containing a USB Host Controller 204. Each personal 
computer 202 is connected to a hybrid USB Timing Hub 206 
(of the type described and illustrated at 180 to FIG. 10); each 
USB Timing Hub 206 provides a plurality of synchronized 
USBs 208 to allow expansion to a plurality of USB devices 
210. An external reference clock 212 provides a signal to the 
synchronized USBs 208 by means of the USB Timing Hubs 
206. In an alternative arrangement, system 200 omits the USB 
Timing Hubs 206, and the USB devices are configured to 
receive the external reference clock signal directly. However, 
the use of the USB Timing Hubs 206 are preferred. 
0.143 According to a seventh embodiment of the present 
invention, a synchronized USB is provided with an external 
reference clock signal that is frequency accurate and time 
stamp accurate to an arbitrary degree. These signals allow the 
USB to be synchronized to an arbitrary accuracy. This 
embodiment uses an external Global Positioning System 
(GPS) Time Server as the external synchronization reference. 
The GPS Time Server reference clock signal is delivered by 



US 2014/0325250 A1 

means of satellite communication. Furthermore, the GPS 
Time Server can deliver absolute time-stamp information 
accurate to an arbitrary degree, regardless of position, essen 
tially anywhere. 
0144. Thus, FIG. 12 is a schematic diagram of a system 
220 in which a USB 222 is synchronized to a GPS Time 
Server 224. System 220 includes a personal computer 226 
containing a USB Host Controller 228, connected to synchro 
nous USB 222, where synchronous clock frequency is accu 
rate to an arbitrary degree. 
0145 USB port 230 of personal computer 226 connects to 
USB Timing Hub 232, which provides downstream expan 
sion ports 234 for the attachment of additional USB devices 
236. USB Timing Hub 232 (of the type described and illus 
trated at 180 to FIG. 10) also has ports 238,240 for receiving, 
respectively, a reference clock signal 242 and time-stamp 
information 244 from GPS Time Server 224. The GPS Timer 
Server 224 is connected to an antenna 246 for receiving GPS 
time and position information. 
0146 It will be appreciated that other means for providing 
a globally synchronized external reference clock and time 
signal may be employed in this embodiment, without depart 
ing from the scope of the invention. 
0147 FIG. 13 is accordingly a schematic representation of 
a USB 250 globally synchronized according to this embodi 
ment. Globally synchronized USB 250 comprises a plurality 
of USBs located at different locations 252; each is of the type 
shown at 222 in FIG. 12, so each is synchronized by a separate 
GPS Time Server. The plurality of GPS Time Servers provide 
reference clock signals that are frequency locked to an essen 
tially arbitrary degree by means of satellite communication. 
Furthermore, the plurality of GPS Time Servers each deliver 
absolute time-stamp information to their respective USB 
Timing Hub accurate to an arbitrary degree, regardless of 
position, anywhere on earth. 
0148 Thus, a plurality of otherwise independent USBs are 
synchronized. Such a system is capable of accurate synchro 
nization anywhere on earth for a widely distributed synchro 
nous USB. This also has the capability of unlimited channel 
count by adding as many synchronized USBs (222 of FIG. 
12) as desired. 
0149 According to a eighth embodiment of the present 
invention, a synchronized USB can be synchronized to a 
synchronized Ethernet (that is, a network that is in internal 
data communication according to the Ethernet protocol). In 
this embodiment, the synchronized USB is provided with an 
external signal from a synchronized Ethernet that contains 
timing information according to IEEE-1588 Precision Time 
Protocol. Said external signal contains both an Ethernet com 
munication pathway and a Precision Time Protocol pathway. 
In this way, both data and timing information can be commu 
nicated between USB and Ethernet systems. 
0150. Thus, FIG. 14 is a schematic diagram 260 of a USB 
262 synchronized to Ethernet 264. The synchronized Ether 
net 264 contains a plurality of devices 266 to be synchronized 
and an Ethernet Boundary Clock 268. The Boundary Clock 
268 performs Ethernet connectivity between devices as well 
as compensating for latency and timing jitter present in tra 
ditional Ethernet switches and routers. The synchronized 
USB 262 includes a personal computer 270 with a USB Host 
Controller 272 and, connected to Host Controller 272, a 
hybrid USB Timing Hub 274. USB Timing Hub 274 provides 
connectivity expansion to a plurality of USB devices 276. 
USB Timing Hub 274 includes an IEEE-1588 compatible 
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port 278 for communication of data and timing information 
280 to synchronous Ethernet 264. 
0151. The IEEE-1588 Precision Time Protocol contains a 
protocol for determining which node of a network is the 
time-base master. It will be apparent to those skilled in the art 
that any node (viz. device 266) of the synchronous Ethernet 
264 or the synchronous USB 262 can be the time-base master 
clock depending on the absolute accuracy of all device clocks. 
0152 FIG. 15 is a detailed schematic diagram of USB 
Timing Hub 274 of USB 262 of FIG. 14. The hybrid USB 
Timing Hub 274 has an upstream port 292 for connection to 
Host Controller 272 (or an intermediate upstream device 
between USB Timing Hub 274 and Host Controller 272), a 
plurality of downstream ports 294 (that provide USB expan 
sion) and external port 278 for connectivity to the synchro 
nous Ethernet. 
(O153 USB Timing Hub 274 includes USB Hub circuitry 
298, to which USB upstream port 292 is connected, that 
provides USB expansion to the plurality of downstream USB 
ports 294; one of the downstream USB ports 294 is directed to 
an internal USB device 300. Internal USB device 300 is 
connected to timing measurement circuitry 302 (comparable 
to timing measurement circuitry 112 of FIG. 6) via a commu 
nication bus 304. 
0154 Timing measurement circuitry 302 also observes 
USB data traffic on the upstream port 292 by means of USB 
monitoring circuitry 306, and uses the signal 308 therefrom to 
decode the USB Host Controller clock carrier signal for mea 
Surement of the carrier signal frequency. Timing measure 
ment circuitry 302 contains an internal local reference clock 
(comparable to local reference clock 130 of FIG. 7) and also 
receives or transmits information to an additional local clock 
310 through clock control channel 312. In this way, either the 
local clock 310 or a clock in the form of timing measurement 
circuitry 302 can be the local master clock for use determin 
ing the carrier signal frequency. 
(O155 USB Timing Hub 274 includes a synchronous Eth 
ernet controller 314 to which is connected external port 278 
and which provides external Ethernet connectivity and Sup 
ports IEEE-1588 Precision Time Protocol. Synchronous Eth 
ernet controller 314 has a data channel 316 for communica 
tion of data between the external Ethernet (shown at 264 in 
FIG. 14) and internal USB device 300. In this way data is 
transferred from the external synchronous Ethernet 264 via 
synchronous Ethernet controller 314 and internal USB device 
300 the personal computer (270 of FIG. 14). 
0156 Synchronous Ethernet controller 314 also contains a 
synchronization channel 318 through which local clock 310 
can be synchronized to external Ethernet 264. In this way 
timing information is passed between synchronous Ethernet 
controller 314 and local clock 310, thereby effecting a hybrid 
synchronized USB/Ethernet system using the best of both 
interfaces: Ethernet provides wide ranging connectivity but 
limited synchronization capabilities, while USB provides a 
local precision synchronization network. 
0157 According to a ninth embodiment of the present 
invention, a USB is provided that provides a control path that 
is not subject to the normal latency delays of USB (such as the 
30 ms time frame implied by the typically 30 ms thread cycle 
time of the Windows (trade mark) operating system). Thus, 
FIG. 16 is a schematic diagram of a hybrid USB hub 330 
according to this embodiment that provides an additional data 
pathway for reducing USB control loop latency. USB hub 330 
has an upstream port 332 for connection to a Host Controller 
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(or intermediate upstream device between Hybrid USB Hub 
330 and a Host Controller), a plurality of downstream ports 
334 (that provide USB expansion) and an external control 
port 336 for connectivity to external interfaces, equipment or 
transducers. 

0158 USB hub 330 also has USB Hub circuitry 338 (con 
nected to Upstream port 332) that provides USB expansion to 
the plurality of downstream USB ports 334, and an internal 
USB device 340 to which is directed one of the downstream 
USB ports 334. USB hub 330 includes an internal USB device 
340 and a Data Decoder and Processor 342, mutually con 
nected by a communication bus 344. 
0159. Data Decoder and Processor 342 observes USB data 

traffic on the upstream port 302 with USB monitoring cir 
cuitry 346 and uses the resulting signal 348 to decode USB 
communications. Communication between Data Decoder 
and Processor 342 and external control port 336 is controlled 
by an Interface 350. Interface 350 can be an Ethernet inter 
face, a serial communication interface (such as a SPI (Serial 
Peripheral Interface) bus, a CAN Controller Area Network, a 
ProfiBus, a Process Field Bus or a USB (including USB-on 
the-go), a parallel communication interface (Such as a Cen 
tronics (trade mark) Parallel Port or an IDE (Integrated Drive 
Electronics) bus). Furthermore, external control port 336 can 
provide either single-ended or differential signalling, and can 
be adapted to any desired form of connectivity, whether cop 
per cabling, fibre-optical cabling, wireless communication 
channels or otherwise. 

0160. In this way, data that is being transmitted between a 
Host Controller and any USB device attached to downstream 
ports 334 can be intercepted and interpreted in USB hub 330 
and used to immediately control an external device through 
the external control port 336. This circumvents the normal 
communication and control loop latency of USB. 
0161 It will be apparent to those skilled in the art that, 
although various embodiments of the present invention 
described herein include a hybrid USB Hub, these techniques 
need not be employed in a USB hub, but may in fact be used 
in any device that is at least attached to a USB for the purpose 
of detecting USB data flows and acting on the information 
contained therein. 

0162 Thus according to a variation of the ninth embodi 
ment of the present invention, there is provided a system with 
a hybrid USB hub (comparable to USB hub 330 of FIG. 16) 
with an additional data pathway that allows control loop 
responses to be reduced to an arbitrarily short time. FIG. 17 is 
a schematic diagram of USB monitoring circuitry 360 (com 
parable to USB monitoring circuitry 346 of USB hub 330 
FIG. 16); USB monitoring circuitry 360 has an upstream port 
362 for connection to the Host Controller side of the bus, a 
downstream port 364 for connection to the device side of the 
bus, a USB data monitoring port 366 for transmission of a 
replica of the USB data stream present at the USB upstream 
port 362, a data switch control port 368 for controlling inter 
nal data pathways inside the circuit, a bidirectional data port 
370 and buffering circuitry 372. Buffering circuitry 372 
observes USB data signal 374 (which comprises bidirectional 
communications between the Host Controller and attached 
devices) and provides a buffered replica signal 376 thereof. 
Replica signal 376 is an exact copy of the bidirectional com 
munication present on the USB, is transmitted on the USB 
data monitoring port 366 and is typically comparable to sig 
nal 308 of FIG. 15. 
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0163 Thus, USB monitoring circuitry 360 is able to moni 
tor all USB data packets and provide a buffered replica signal 
376 of USB data signal 374 for use by external circuitry. 
Buffered replica signal 376 can be used by external circuitry 
for decoding periodic signal structures from the Host Con 
troller within USB data to identify carrier signals which con 
tain information about the clock rate of the USB Host Con 
troller. Buffered replica signal 376 can also be used to decode 
information from all downstream USB devices as it passes 
upstream toward the Host Controller. In this way, direct 
action can be taken on the information from downstream 
devices without first requiring the Host Controller and asso 
ciated operating system to process and act on the data. 
0164 USB monitoring circuitry 360 also includes addi 
tional circuitry for advanced data management, Switching and 
reducing USB control loop latency, including a USB data 
switch 378 (shown as a pair of simple single pole switches in 
FIG. 17 for simplicity, though in reality USB data signals are 
differential) and data controller circuitry 380 for controlling 
USB data Switch 378. USB data Switch 378 contains an 
upstream switch 382 and a downstream switch 384, and is 
configured to synchronously direct USB data signal 374 from 
upstream port 362 either directly to the downstream port 364 
(the configuration shown in FIG. 17) or utilising a bidirec 
tional data stream 386 from external circuitry via bidirec 
tional data port 370. USB data switch 378 has access to 
buffered replica signal 376, and data controller circuitry 380 
is configured by data switch control port 368. In this way, 
USB data switch378 can be switched synchronously with the 
USB data signal as monitored at 374. 
(0165 USB monitoring circuitry 360 is also able to 
dynamically configure itself to insert data within a USB data 
stream. A message from the Host Controller to a device may 
be intercepted and altered by USB monitoring circuitry. In 
this way, Software can be configured to provide regular poll 
ing of a particular USB device with a known data packet size. 
USB monitoring circuitry, having access to the size of a 
specified regularly polled packet, can insert data within the 
payload of a transaction by Synchronously bypassing the 
direct connection (viz. the configuration of USB data switch 
378 shown in FIG. 17) and inserting data into the payload 
field of the transaction. 

0166 FIG. 18A depicts the configuration of USB data 
switch 378 of FIG. 17 for downstream insertion of payload 
data 388 at 378"; FIG. 18B depicts the configuration of USB 
data switch 378 of FIG. 17 for upstream insertion of payload 
data 390 at 378". During downstream insertion of data the 
switch must initially be configured as shown at 378 in FIG. 17 
while the host transmits the transaction packet header infor 
mation, but switch to configuration 378 of FIG. 18A for 
insertion of the payload and CRC data 388. For upstream 
insertion of data, the device waits until it detects the polling 
request from the Host Controller before switching to configu 
ration 378" of FIG. 18B for transmission of the entire 
upstream transaction (including header). It should be noted 
that the device may alternatively wait for the upstream trans 
action packet header pass upstream before Switching to con 
figuration 378" of FIG. 18B and inserting the payload data 
390. 

0.167 FIG. 18C is a schematic timing diagram for down 
stream data insertion (upper portion of the figure) and the 
upstream data insertion (lower portion of the figure), indicat 
ing the configuration of the USB data switch. 
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0168 According to a tenth embodiment of the present 
invention, there is provided a Hybrid USB Host Controller 
that is synchronized to a synchronized Ethernet, to ensure that 
the attached synchronized USB is also synchronized to the 
synchronized Ethernet. The Hybrid USB Host Controller is 
provided with an external signal from a synchronized Ether 
net that contains timing information according to IEEE-1588 
Precision Time Protocol. The external signal contains both an 
Ethernet communication pathway and a Precision Time Pro 
tocol pathway. In this way, both data and timing information 
can be communicated between Hybrid USB Host Controller 
and Ethernet systems. 
(0169. In this embodiment, the Hybrid USB Host Control 
ler contains an embedded microcontroller so that it is a stand 
alone device that is not dependent on a host personal com 
puter. The Hybrid USB Host Controller may contain a 
standard USB Host controller, a USB-on-the-go Host Con 
troller, a wireless USB Host Controller or any other form of 
USB Host Controller. 
0170 FIG. 19 is a schematic diagram of a system 400 
according to this embodiment, comprising stand-alone USB 
402 (that is, one containing an embedded controller that does 
not require attachment to a personal computer) and an Ether 
net 404, synchronized to each other. The Ethernet 404 typi 
cally contains an Ethernet Boundary Clock 406 and a plural 
ity of devices to be synchronized 408. Boundary Clock 406 
performs Ethernet connectivity between devices as well as 
compensating for latency and timing jitter present in tradi 
tional Ethernet switches and routers. USB 402 consists of a 
Hybrid USB Host Controller 410 and a plurality of USB 
devices (or USB Hubs for further expansion) 412. 
(0171 In this embodiment, Hybrid USB Controller 410 
contains an embedded USB Hub functionality providing a 
plurality of downstream expansion ports. Hybrid USB Con 
troller 410 also includes an IEEE-1588 compatible port 414 
for communication of data and timing information 416 to 
Ethernet 404. 

0172 FIG. 20 is a more detailed schematic diagram of 
Hybrid USB Host Controller 410 of FIG. 19. Hybrid USB 
Host Controller 470 has a plurality of downstream ports 472 
(that provide USB expansion), an embedded controller 474, 
USB Hub circuitry 478 and USB master clock circuitry 480. 
Controller 474 has an embedded microcontroller 482, exter 
nal interface circuitry 484 and a USB Host Controller 486. 
USB Host Controller 486 is connected to USB Hub circuitry 
478 that provides USB expansion to the plurality of down 
stream USB ports 472 and USB master clock circuitry 480 
through a clock bus 488. 
0173 USB master clock circuitry 480 contains an internal 
local reference clock 490 and also receives or transmits infor 
mation to an additional local clock 492 (also a part of Hybrid 
USB Host Controller 410, and in the form of a synchronous 
Ethernet IEEE-1588 clock) through a clock control channel 
494. Hybrid USB Host Controller 410 further includes a 
synchronous Ethernet controller 496, to which external port 
414 is connected and which provides external Ethernet con 
nectivity and supports IEEE-1588 Precision Time Protocol. 
Synchronous Ethernet controller 496 has a data channel 498 
for communication of data between the external Ethernet and 
external interface circuitry 484 of embedded controller 474. 
A bidirectional data link is therefore provided between the 
external synchronous Ethernet and the synchronized USB 
through synchronous Ethernet controller 496 and the embed 
ded controller 474. 
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0.174 Synchronous Ethernet controller 496 also has a 
clock control channel 500 for communicating with synchro 
nous Ethernet clock 492. IEEE-1588 clock 492 may be either 
the bus master if it is more accurate than the clocks of other 
attached IEEE-1588 clocks or a slave clock that is slaved to a 
more accurate attached IEEE-1588 clock. Hybrid USB Host 
Controller 410 includes a control channel 502 between exter 
nal interface circuitry 484 of embedded controller 474 and 
USB master clock circuitry 480 enabling the embedded con 
troller 474 to control clock signals. In a similar way either the 
local reference clock 490 or the IEEE-1588 clock 492 acts as 
the system master clock, according to which is the more 
acCurate. 

(0175 USB Host Controller 486 uses the clock signal from 
clockbus 488 as its master timing reference. This clock signal 
can be precisely tuned in USB master clock circuitry 480 to 
provide a frequency accurate time reference to arbitrary pre 
cision for synchronous USB control. Accordingly, the fre 
quency of a periodic signal structure (such as a Start of Frame 
token) in the USB data stream can be accurately controlled, 
resulting in a synchronized USB with precisely controlled 
timing. In this way a hybrid synchronized USB/Ethernet sys 
tem is achieved without requiring a personal computer. It will 
be apparent, in addition, that latency can be improved in this 
arrangement according to the approach described in the con 
text of the embodiments of FIGS. 16 and 17. 
0176 AUSB device according to an eleventh embodiment 
of the present invention is shown schematically with a USB at 
510 in FIG. 21. In this embodiment, the synchronized USB 
device might be said to have some notion of (or data indicative 
of) real time. This notion or data of time is derived from USB 
bus transactions, the USB data stream and information 
received from the host system. Such a notion of real time is 
shared by all devices attached to the same USB. 
(0177 Referring to FIG. 21, therefore, USB device 520 
includes a bus connector 522 for connecting to USB 524, 
digital I/O bus interface circuitry 526, a microcontroller 528, 
a digitally controlled transducer 530, synchronization cir 
cuitry in the form of synchronizer 532 (comparable to syn 
chronizer circuitry 62 of FIG.5) and real time clock 534. The 
digital I/O bus interface circuitry 526 acts as a transceiver for 
USB data detected at bus connector 524 and passes the USB 
data to microcontroller 528. The microcontroller 528 is pro 
vided with an information channel 536 to synchronizer 532 
and a direct control channel 538 to digitally controlled trans 
ducer 530. 

(0178 USB device 520 has circuitry 540 at USB connector 
522 that detects USB data traffic on USB 524, and generates 
and passes a replica 542 of the USB data traffic to synchro 
nizer 532. Synchronizer 532 (which is comparable to syn 
chronizer 46 of FIG. 4) generates a local clock signal 544 that 
is frequency and phase controlled to an arbitrary precision, 
and will be synchronous with those of any similar USB 
devices attached to the same USB 524. Local clock signal 544 
is passed to both the digitally controlled transducer 530 to 
control its operation and to real time clock 534. 
0179 Real time clock 534 can be synchronized to an abso 
lute time and then clocked by local clock signal 544. In this 
way, a plurality of USB devices can operate sharing a com 
mon notion of real time each being clocked by a synchronous 
local clock. Synchronization of the real time clock 534 is 
initiated by a command from the host personal computer, this 
command is interpreted by microcontroller 528 and trans 
ferred to both synchronizer 532 (via information channel 
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536) and real time clock 534 through another information 
channel 546. Synchronizer 532 then acts to synchronize real 
time clock 534 through a real time synchronizing channel 
548. In this way, the real time clock can be synchronized to a 
known time. Real time clock 534 can then deliver real time 
trigger signals 550 (which may also include a time stamp 
from the real time clock) to control the operation of digitally 
controlled transducer 530 such that it performs actions at 
specified time. 
0180 FIG. 22 is a detailed schematic diagram of the real 
time clock 534 of USB device 520 of this embodiment. Real 
time clock 534 has a control port 558 for communication with 
microcontroller 528 (see FIG. 21), a synchronous clockinput 
port 560 for receiving synchronous clock signals 544 from 
synchronizer 532 (see FIG. 21), a synchronizing port 562 for 
receiving synchronizing signals on synchronizing channel 
546 (see FIG. 21), an output port 564 and an input event/ 
timestamp port 566. 
0181 Control port 558 receives information signals which 
are decoded by interface 568 to provide a data signal 570 that 
contains the absolute time value, which is loaded into a tem 
porary register 572 (for Subsequent synchronous latching into 
real time clock counter 574), a data latch signal 576 for 
latching data signal 570 into the real time clock counter 574, 
a counter enable signal 578 for enabling the real time clock 
counter 574, and another data signal 580 to be loaded into a 
counter comparator 582. 
0182 Real time clock counter 574 also receives a synchro 
nous clock signal 584 from synchronous clockinput port 560, 
which is used to increment the real time clock counter 574, 
and a resynchronize signal 586 from synchronizing port 562, 
which can be used to synchronously clear the real time clock 
counter 574. The resynchronize signal 586 is generated from 
synchronizer 532 such that it occurs synchronously with a 
start of frame (SOF) token in the USB (or more precisely, 
synchronously with a synthetic SOF). This synchronizing 
synthetic SOF token frame number is known to the host 
controller (which keeps track of rollover of this number since 
the host began) and can therefore synchronize the device (or 
a plurality of similar devices) at the same point in time. 
Furthermore, the host maintains knowledge of the rollover of 
this synthetic SOF token number and of the absolute times 
tamp of the real time clock counter 574, so USB devices need 
not be synchronized at the same point in time. Once a single 
USB device has been synchronized to real time according to 
this technique, the host can calculate the real time at any 
future synthetic SOF frame token. This allows any number of 
devices to be synchronized in a sequential manner. 
0183 In this way, real time clock counter 574 can either be 
synchronously loaded with a known real time by microcon 
troller 528 (see FIG. 21) and time counting initiated by resyn 
chronizing signal 586, or synchronously cleared by resyn 
chronizing signal 586 with the counter incremented in both 
cases by synchronous clock signal 584. The system controller 
(such as a personal computer) then determines how the notion 
of time is represented by the real time clock counter 574. 
0184 The real time value 588 (a data signal) is clocked out 
of real time counter 574 on each cycle of synchronous clock 
signal 584 to interface 590 which provides signals for exter 
nal circuitry through output port 564. Furthermore, real time 
clock 534 can be configured to provide a trigger signal 592 by 
comparing the instantaneous real time value 588 with a data 
signal that has previously been latched into counter compara 
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tor 582. Trigger signal 592 is then passed to output interface 
590 for transmission to external circuitry. 
0185. Interface 590 also receives external signals from an 
event with associated timestamp data from external event/ 
timestamp port 566. This data 592 is passed to real time clock 
counter circuitry 574 for calibration and setting of real time of 
the local clock contained therein. 
0186. It should be noted that this notion of real time can be 
shared by a plurality of synchronized USBs, such as accord 
ing to the approach employed in system 220 of FIG. 12 or 
those embodiments described above that conform to IEEE 
1588. 
0187 Furthermore, synchronous clock signal 584 and 
resynchronizing signal 586 are synchronous with carrier sig 
nals (as described above in the context of USB device 50 of 
FIG. 4). Thus, it is possible to determine the real time of the 
reception of these carrier signals and hence set the real time of 
real time clock counter 574 of FIG. 22. 
0188 FIG. 23 is a timing diagram 600 of the USB device 
520 of FIG. 21. External event 602 of known real time can be 
used to start a local counter 604, which is clocked from the 
synchronous clock signal 606 (derived from synchronizer 
circuitry 62 of FIG. 4), and the real time 608 of external event 
602 is latched into the device. Reception of the next decoded 
carrier signal 610 (synthetic start of frame) token stops local 
counter 604 and latches the number 612 of the frame token. 
The host controller can then determine the real time of latched 
frame token number 612 using the time elapsed of local 
counter 604 (time At between the event and the start of frame 
token). 
0189 In this way, an external event of known real time at 
event/timestamp port 566 can be used to determine the real 
time of the arrival of local carrier signal and hence set (or 
calibrate) the real time of a USB device 520. Real time deter 
mined by this method is latched into real time clock counter 
(574 of FIG.22) at 614. Such an externally derived real time 
event and time stamp may be generated by a known frequency 
and time reference. Such as a precision Caesium clock, a GPS 
time server that is locked to a global positioning satellite 
system or an IEEE-1588 precision time protocol device. 
0190. In the absence of an external precision time stamped 
reference event 602, the host personal computer canassign its 
own notion of time (from its internal, inaccurate real time 
clock) to the synchronous USB. This method merely assigns 
the personal computer's notion of time to a given carrier 
frame number as the reference time for use by the real time 
clock counter. From that time forward, the synchronous USB 
has highly precise relative accuracy (as defined by its real 
time clock counter circuitry) but with an offset from absolute 
time determined by the initial error of the host personal com 
puter's real time clock. 
0191 By extension, using multiple external events of 
known time, the carrier signal frequency can be determined to 
an arbitrary degree, using the approach employed in device 
100 of FIG. 6. This is a method of generating a time stamp of 
an external event, relative to a known carrier signal number. 
0.192 It should be noted that this approach can be imple 
mented in a hub or a USB device, or inadevice attached to the 
USB. It can also be implemented once or in multiple devices 
to improve accuracy by statistical means. 
(0193 AUSB device according to a twelfth embodiment of 
the present invention is shown schematically at 630 in FIG. 
24. In this embodiment, the synchronized USB device 630 
can time stamp external events according to its own notion of 
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time, which has either been calibrated by its own real time 
clock or by an externally provided real time clock and time 
Stamp. 
(0194 The USB device 630 has an upstream port 632 for 
connection to a Host Controller (or intermediate upstream 
device between USB device 630 and such a host controller), 
an external trigger port 634 and a data port 636 for commu 
nication of time stamp information. USB device 630 also 
includes digital I/O bus interface circuitry 638, microcontrol 
ler 640 and synchronizing time stamp circuitry 642. Time 
stamp circuitry 642 includes synchronizing circuitry 646 
(comparable to timing measurement circuitry 302 of FIG.15) 
that observes USB data traffic on the upstream port 632 by 
means of USB monitoring circuitry 644 to synchronize a 
local clock using the carrier signal contained in decoded USB 
data stream signal 650 and real time clock circuitry 648 
(comparable to real time clock 534 of FIG. 22). 
0.195 External event signals (otherwise known as external 
triggers) connected to external trigger port 634 and time 
stamp information present on data port 636 are passed to time 
stamp circuitry 642 for processing. In this way, external 
events (triggers) and associated time stamps can be passed to 
the device and correlated with a synchronized local clock 
contained in Synchronizing circuitry 646. 
0196. Hence, once real time clock circuitry has been cali 
brated (such as by latching real time into real time clock 
counter 574 of FIG. 22), all external events can be time 
stamped according to real time clock counter 574. 
(0197) Modifications within the scope of the invention may 
be readily effected by those skilled in the art. It is to be 
understood, therefore, that this invention is not limited to the 
particular embodiments described by way of example here 
inabove and that combinations of the various embodiments 
described herein are readily apparent to those skilled in the 
art. 

0198 In the preceding description of the invention, except 
where the context requires otherwise owing to express lan 
guage or necessary implication, the words "Host Controller 
may be used to specify a standard USB Host controller, a 
USB-on-the-go Host Controller, a wireless USB Host Con 
troller or any other form of USB Host Controller. 
0199. In the claims that follow and in the preceding 
description of the invention, except where the context 
requires otherwise owing to express language or necessary 
implication, the word "comprise' or variations such as "com 
prises' or “comprising is used in an inclusive sense, that is, 
to specify the presence of the stated features but not to pre 
clude the presence or addition of further features in various 
embodiments of the invention. 
0200 Further, any reference herein to prior art is not 
intended to imply that such prior artforms or formed a part of 
the common general knowledge. 

1-93. (canceled) 
94. A real-time synchronous multichannel USB system, 

comprising: 
a plurality of USB devices attached to a USB network, each 
USB device comprising a respective local clock, said 
respective local clocks of said USB devices being syn 
chronized to each other, and 

each USB device further comprising a respective absolute 
time register containing a common notion of real time; 

wherein each respective absolute time register is clocked 
by said respective synchronous local clock. 
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95. A USB system as claimed in claim 94, adapted to 
provide real-time synchronization based on a signal received 
from a USB device attached to said USB network. 

96. A USB system as claimed in claim 95, adapted to 
provide real-time synchronization based on signals from a 
composite USB hub and a USB device attached to said USB 
network. 

97. A USB system as claimed in claim 94, adapted to 
provide real-time synchronization based on a signal from an 
external device adapted to observe USB traffic and provide 
information to a USB host system controller of said USB 
network. 

98. A USB system as claimed in claim 94, wherein said 
absolute time registers are synchronized to a common notion 
of real time of a real-time clock of a host computing or other 
system. 

99. A USB system as claimed in claim 94, wherein said 
absolute time registers are synchronized to a common notion 
of real time of a real-time clock on one or more of said 
plurality of USB devices. 

100. A USB system as claimed in claim 94, wherein said 
absolute time registers are synchronized to common notion of 
real time of an external time reference. 

101. A USB system as claimed in claim 100, wherein said 
external time reference is adapted to synchronize to a global 
positioning system (GPS) satellite-based navigation and tim 
ing system, complies with IEEE-1588 precision time proto 
col across Ethernet, or is provided by a time standard or 
protocol. 

102. A method of providing a real-time synchronous mul 
tichannel USB system, comprising: 

synchronizing respective local clocks of each of a plurality 
of USB devices attached to a USB network; 

providing a common notion of real time to respective abso 
lute time registers of each of said USB devices; and 

clocking said absolute time registers by the respective local 
clock. 

103. A method as claimed in claim 102, including: 
setting said respective local absolute time register of each 

of said USB devices to a predefined value at a moment of 
synchronization; and 

recording the real time of said moment of synchronization 
for each of said plurality of USB devices by a USB 
system controller. 

104. A method as claimed in claim 103, including synchro 
nizing each of said USB devices substantially simulta 
neously. 

105. A method as claimed in claim 103, including synchro 
nizing each of said USB devices sequentially. 

106. A method of assigning a real time to a synchronized 
USB network, comprising: 

observing USB traffic; 
synchronizing a local clock of a synchronization device to 

carrier signals within said USB traffic; 
observing an external time event; 
latching a value of an external time-stamp that corresponds 

to said external time event into a local register, 
initiating a local counter; 
monitoring a USB data stream local to said synchroniza 

tion device for carrier signals; 
generating a signal to stop said local counter on receipt of 

a next carrier signal; 
detecting a frame number associated with said next carrier 

signal; and 
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reporting a value of said local counter, said frame number 
and said value of said time-stamp to a host system; 

said host system assigning a real time to the synchronized 
USB network for the frame number using the value of 
said local counter and the value of said time-stamp. 

107. A method as claimed in claim 106, comprising deter 
mining a time of receipt of the carrier signal that stopped said 
local counter, 

108. A method as claimed in claim 107, comprising: 
determining a period between receipt of said external time 

event and said numbered carrier signal. 
109. A method as claimed in claim 108, including deter 

mining said period from a number of clock cycles of said local 
clock between receipt of said external time event and of said 
numbered carrier signal and from the period of said local 
clock. 

110. A method as claimed in claim 106, including clocking 
said local counter by said synchronized local clock or by an 
external reference clock. 

111. A method as claimed in claim 106, wherein said 
synchronization device comprises a USB device or a com 
posite USB hub and USB device function. 

112. A method as claimed in claim 106, wherein said 
synchronization device is a non-USB device configured to 
observe USB data traffic and pass information to a host sys 
tem controller via another information channel. 

113. A USB device for generating an accurate time-stamp 
of a real-time external event, comprising: 

a local clock synchronized to carrier signals within USB 
traffic; 

a real-time counter register calibrated with a notion of real 
time, and clocked by said local clock; 

an event detector for detecting said real-time external 
event; 
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a data latch for latching a value of said real time counter 
registeron detection of said real-time external event; and 

a data link to a USB system controller for transmitting a 
time stamp corresponding to said value of said real time 
counter register on detection of said real-time external 
event. 

114. A method of generating an accurate time-stamp of a 
real-time external event in a synchronized USB network, 
comprising: 

synchronizing a local clock of a USB device: 
calibrating a real time counter with a notion of real time; 
clocking said real time counter using said local clock; 
detecting said real-time external event; 
latching the value of said real time counter on detection of 

said real-time external event and outputting a corre 
sponding time-stamp; and 

transferring said time stamp to a USB system controller of 
said USB network. 

115. A synchronized USB system adapted to generate an 
accurate time-stamp of a real-time external event, compris 
ing: 

circuitry adapted to synchronize a local clock of a USB 
device; 

circuitry adapted to calibrate a real time counter with a 
notion of real time; 

circuitry for clocking said real time counter using said local 
clock; 

a detector for detecting said real-time external event; and 
a latch for latching the value of said real time counter on 

detection of said real-time external event, outputting a 
corresponding time stamp and directing said time stamp 
to a USB system controller of said USB system. 

k k k k k 


