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ỲaŜILTDCDOO cRgRT̂
hfN
MOOf [IH\T\G]T
̂G
aee
̂̀I
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cX]dX]\aeXZ
fcY\e]ghieaX]jk̂Z
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̀Z|WXYZ
�mbb̂] ue|]X�Xna
cX]dX]\aeXZv\aY\Z
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u|[Xy\Z Z̀âb
cX]dX]\aeXZue}̂
{̂ZẐbb Z̀âb
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NOPQ
̀abc\LTKKV
]PU\LSLTKUVKV
RMWMKGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGXẐFGHGd JKLKM
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Byte

Capabilities

Characteristics

Client

Configuring
Software

Control Endpoint

Control Pipe

Control Transfer

CRC

CTI

Cyclic Redundancy
Check (CRC)

Default Address

Default Pipe

Device

Device Address

Universal Serial Bus Specification Revision 2.0

A data elementthat is eight bits in size.

Thoseattributes of a USB device that are administrated by the host.

Those qualities of a USB device that are unchangeable; for example, the device
class is a device characteristic.

Software resident on the host that interacts with the USB System Software to
arrange data transfer between a function and the host. Theclient is often the
data provider and consumerfor transferred data.

Software resident on the host software that is responsible for configuring a
USBdevice. This may be a system configurator or software specific to the
device.

A pair of device endpoints with the same endpoint numberthat are used by a
control pipe. Control endpoints transfer data in both directions and, therefore,
use both endpoint directions of a device address and endpoint number
combination. Thus, each control endpoint consumes two endpoint addresses.

Sameas a messagepipe.

Oneof the four USB transfer types. Control transfers support
configuration/command/status type communications between client and
function. See also transfer type.

See Cyclic Redundancy Check.

Computer Telephony Integration.

A check performed on data to see if an error has occurred in transmitting,
reading, or writing the data. The result of a CRCis typically stored or
transmitted with the checked data. The stored or transmitted result is

compared to a CRC calculated for the data to determine if an error has
occurred.

An address defined by the USB Specification and used by a USB device when
it is first powered or reset. The default address is OOH.

The message pipe created by the USB System Software to pass control and
status information between the host and a USB device’s endpoint zero.

A logical or physical entity that performs a function. The actual entity
described depends on the context of the reference. At the lowest level, device
may refer to a single hardware component, as in a memory device. At a higher
level, it may refer to a collection of hardware components that perform a
particular function, such as a USB interface device. At an even higherlevel,
device may refer to the function performed by an entity attached to the USB;
for example, a data/FAX modem device. Devices maybe physical, electrical,
addressable, and logical.

When used as a non-specific reference, a USB deviceis either a hub or a
function.

A seven-bit value representing the address of a device on the USB. The device
address is the default address (00H) when the USB deviceis first powered or
the device is reset. Devices are assigned a unique device address by the USB
System Software.
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Device Endpoint

Device Resources

Device Software

Downstream

Driver

DWORD

Dynamic Insertion
and Removal

E’PROM

EEPROM

Electrically
Erasable

Programmable
Read Only Memory
(EEPROM)

End User

Endpoint

Endpoint Address

Endpoint Direction

Endpoint Number

Envelope detector

EOF

EOP

External Port

Eye pattern

False EOP

Universal Serial Bus Specification Revision 2.0

A uniquely addressable portion of a USB device that is the source or sink of
information in a communication flow between the host and device. See also

endpoint address.

Resources provided by USB devices, such as buffer space and endpoints. See
also Host Resources and Universal Serial Bus Resources.

Software that is responsible for using a USB device. This software may or
may not also be responsible for configuring the device for use.

The direction of data flow from the host or away from the host. A downstream
port is the port on a hub electrically farthest from the host that generates
downstream data traffic from the hub. Downstream ports receive upstream
datatraffic.

Whenreferring to hardware, an I/O pad that drives an external load. When
referring to software, a program responsible for interfacing to a hardware
device, that is, a device driver.

Double word. A data element that is two words(i.e., four bytes or 32 bits) in
size.

Theability to attach and remove devices while the host is in operation.

See Electrically Erasable Programmable Read Only Memory.

See Electrically Erasable Programmable Read Only Memory.

Non-volatile rewritable memory storage technology.

The user ofa host.

See device endpoint.

The combination of an endpoint numberand an endpointdirection on a USB
device. Each endpoint address supports data transfer in one direction.

Thedirection of data transfer on the USB. The direction can be either IN or

OUT.IN refers to transfers to the host; OUT refers to transfers from the host.

A four-bit value between 0H and FH,inclusive, associated with an endpoint on
a USBdevice.

An electronic circuit inside a USB device that monitors the USB data lines and

detects certain voltage related signal characteristics.

End-of-(micro)Frame.

End-of-Packet.

Seeport.

A representation of USB signaling that provides minimum and maximum
voltage levels as well as signaljitter.

A spurious, usually noise-induced event that is interpreted by a packet receiver
as an EOP.
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Timeout

Token Packet

Transaction

Transaction

translator

Transfer

Transfer Type

Turn-around Time

Universal Serial

Bus Driver (USBD)

UniversalSerial

Bus Resources

Upstream

USBD

USB-IF

Virtual Device

Word

Universal Serial Bus Specification Revision 2.0

The detection of a lack ofbus activity for some predetermined interval.

A type ofpacketthat identifies what transaction is to be performed on the bus.

The delivery of service to an endpoint; consists of a token packet, optional data
packet, and optional handshake packet. Specific packets are allowed/required
based on the transaction type.

A functional component of a USB hub. The Transaction Translator responds to
special high-speed transactions andtranslates them to full/low-speed
transactions with full/low-speed devices attached on downstream facing ports.

Oneor more bustransactions to move information between a software client

andits function.

Determinesthe characteristics of the data flow between a software client and

its function. Four standard transfer types are defined: control, interrupt, bulk,
and isochronous.

The time a device needs to wait to begin transmitting a packet after a packet
has been received to prevent collisions on the USB. This time is based on the
length and propagation delay characteristics of the cable and the location of the
transmitting device in relation to other devices on the USB.

The host resident software entity responsible for providing commonservices to
clients that are manipulating one or more functions on one or more Host
Controllers.

Resources provided by the USB,such as bandwidth and power. See also
Device Resources and Host Resources.

The direction of data flow towards the host. An upstream port is the port on a
device electrically closest to the host that generates upstream data traffic from
the hub. Upstream ports receive downstream datatraffic.

See Universal Serial Bus Driver.

USBImplementers Forum,Inc. is a nonprofit corporation formedto facilitate
the development ofUSB compliant products and promote the technology.

A device that is represented by a software interface layer. An example of a
virtual device is a hard disk with its associated device driver and client

software that makesit able to reproduce an audio .WAVfile.

A data elementthat is two bytes (16 bits) in size.
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14

Universal Serial Bus Specification Revision 2.0

Low-cost implementation

Low-cost subchannel at 1.5 Mb/s

Optimized for integration in peripheral and host hardware

Suitable for development of low-cost peripherals

Low-cost cables and connectors

Uses commodity technologies

Upgrade path

Architecture upgradeable to support multiple USB Host Controllers in a system
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]Ẑ_
 PQRS
̀
PQRS
a
KZ[
Y
KZ[
̀
 KZ[
a
]Ẑ_
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IUQẐNUWSRON
YJ̀SRJ
ORZS̀SZSJQ
KQJ
ZISQNUWSRON
MJTQMJRZS̀Jm
ZIJ
IUQZ
[OSVZOSVQ
OV
O_OTJVJQQ
U]
ZIJ
MIPQSRON
ZUMUNUWP
ZU
QKMMUTZ
MTURJQQSVW
ZIJTJ[ÙON
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_ àPa
FJQLRQSFTKLY
Obc
XJKdTUHR
LK
IQW
EKJ
FGH
HLUXKTLF
FK
UHFHJ\TLHIGTSG
KE
FGH
FIK
_ àPa
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Figure 5-16. Non-USB Isochronous Example
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A master clock (which can be provided by software driven from the real time clock) in the PC is used to
awaken the mixer to ask the input source for input data and to provide output data to the output sink. In this
example, assume it awakens every 20 ms. The microphoneand speakers each have their own sample clocks
that are unsynchronized with respect to each other or the master mixer clock. The microphone produces
dataat its natural rate (one-byte samples, 8,000 times a second) and the speakers consumedata at their
natural rate (four-byte samples, 44,100 times a second). The three clocks in the system can drift and jitter
with respect to each other. Each rate matcher may also be runningat a different natural rate than either the
mixerdriver, the input source/driver, or output sink/driver.

The rate matchers also monitor the long-term data rate of their device compared to the master mixer clock
and interpolate an additional sample or merge two samplesto adjust the data rate of their device to the data
rate of the mixer. This adjustment may be required every couple of seconds, but typically occurs
infrequently. The rate matchers provide someadditional buffering to carry through a rate match.

Note: Someother application might not be able to tolerate sample adjustment and would need someother
means of accommodating master clock-to-device clock drift or else would require some meansof
synchronizing the clocks to ensure that no drift could occur.

The mixer always expects to receive exactly a service period of data (20 msservice period) from its input
device and produce exactly a service period of data for its output device. The mixer can be delayed up to
less than a service period if data or space is not available from its input/output device. The mixer assumes
that such delays do not accumulate.

The input and output devices and their drivers expect to be able to put/get data in response to a hardware
interrupt from the DMA controller when their transducer has processed one service period of data. They
expect to get/put exactly one service period of data. The input device produces 160 bytes (ten samples)
every service period of 20 ms. The output device consumes3,528 bytes (882 samples) every 20 ms service
period. The DMA controller can move a single sample between the device and the host buffer at a rate
muchfaster than the sample rate of either device.

The input and output device drivers provide two service periods of system buffering. One buffer is always
being processed by the DMA controller. The other buffer is guaranteed to be ready before the current
buffer is exhausted. Whenthe current buffer is emptied, the hardware interrupt awakens the device driver
andit calls the rate matcherto give it the buffer. The device driver requests a new IRP with the buffer
before the current buffer is exhausted.

The devices can provide two samples of data buffering to ensure that they always have a sample to process
for the next sample period while the system is reacting to the previous/next sample.

The service periods of the drivers are chosen to survive interrupt latency variabilities that may be present in
the operating system environment. Different operating system environments will require different service
periods for reliable operation. The service periods are also selected to place a minimum interrupt load on
the system, because there may be other software in the system that requires processing time.
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This specification provides the necessary framework to implement synchronization as described above (see

Chapter 9). However, exactly how the desired data rate F, is derived from the data rate of the implied
feedback endpoint is implementation-dependent.

5.12.4.4 Connectivity
In order to fully describe the source-to-sink connectivity process, an interconnect modelis presented. The
model indicates the different components involved and how they interact to establish the connection.

The model provides for multi-source/multi-sink situations. Figure 5-18 illustrates a typical situation (highly
condensed and incomplete). A physical device is connected to the host application software through
different hardware and software layers as described in this specification. At the client interface level, a
virtual device is presented to the application. From the application standpoint, only virtual devices exist. It
is up to the device driver and client software to decide what the exact relation is between physical and
virtual device.
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Host Environment

D-ROM

\ ; Device
'Physical Sources! Driver

Client

Isoc. Pipe Device

Driver
Source Client

Isoc. Pipe Device
Driver

Source Client

Virtual Sources!

USB Environment Application

Isoc. Pipe i

Driver

Isoc. Pipe Device
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1 Physical Sinks | Device

| VirtualSinks|
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Client

Clientw)w)a.a<<gg

Hard Disk

Figure 5-18. Example Source/Sink Connectivity

Device manufacturers (or operating system vendors) must provide the necessary device driver software and
client interface software to convert their device from the physical implementation to a USB-compliant
software implementation (the virtual device). As stated before, depending on the capabilities built into this
software, the virtual device can exhibit different synchronization behavior from the physical device.
However, the synchronization classification applies equally to both physical and virtual devices. All
physical devices belong to one of the three possible synchronization types. Therefore, the capabilities that
have to be built into the device driver and/or client software are the same as the capabilities of a physical
device. The word “application” must be replaced by “device driver/client software.” In the case of a
physical source to virtual source connection, “virtual source device” must be replaced by “physical source
device” and “virtual sink device” must be replaced by “virtual source device.” In the case of a virtual sink
to physical sink connection,“virtual source device” must be replaced by “virtual sink device” and “virtual
sink device” must be replaced by “physical sink device.”
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\aab̂ Wa
]V\]
[WcdeWa
V\cW
a_̂ W
f\]bg\̀
a\̂ h̀W
adiW
\f[
g\]Wj

UVW
XYZ
abhh_g]a
]VW]g\fâdaad_f
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]g\fâd]]W[j

UVWgWk_gWr
]VWXYZ
[_Wa
f_]
ah̀d]
a\̂ h̀Wa
\eg_aa
h\elW]aj
LGE-1010 / Page 111 of 650



��������	
�����	
��
�������������
��������
���

��
LGE-1010 / Page 112 of 650

84

Universal Serial Bus Specification Revision 2.0

LGE-1010 / Page 112 of 650



��������	
�����	
��
�������������
��������
���

��

�������
 !�"��#$"�%&'()
*'+,-./
,/01(2.)
-'.
3.*'+4(*+5
+42
.5.*-/(*+5
),.*(6(*+-(04)
60/
-'.
*+75.)8
*044.*-0/)8
+42
*+75.+)).375(.)
9).2
-0
(4-./*044.*-
:;<
2.1(*.)=

&'.
),.*(6(*+-(04
(4*592.)
-'.
2(3.4)(04)8
3+-./(+5)8.5.*-/(*+58
+42
/.5(+7(5(->
/.?9(/.3.4-)=

&'()
*'+,-./
20*93.4-)
3(4(393
/.?9(/.3.4-)
60/
-'.
.@-./4+5:;<
(4-./*044.*-=

;97)-(-9-.
3+-./(+5
3+>
7.
9).2
+)
504A
+)
(-
3..-)
-'.).
3(4(393)= BC
D�"�$��"�E��%
FG��G$�H&'.
:;<
,'>)(*+5
-0,050A>
*04)()-)
06
*044.*-(4A
-'.
20I4)-/.+3
'97
,0/-
-0
-'.
9,)-/.+3
,0/-
06
+40-'./'97
0/
-0
+
2.1(*.=

&'.
:;<
*+4
0,./+-.
+-
-'/..
),..2)=

J(A'K),..2
LMNO
P7Q)R
+42
6955K),..2
LST
P7Q)R/.?9(/.
-'.
9).
06
+
)'(.52.2
*+75.
I(-'
-I0
,0I./
*0429*-0/)
+42
-I()-.2
,+(/
)(A4+5
*0429*-0/)=

U0IK),..2
LS=V
P7Q)R
/.*033.42)8
79-
20.)
40-
/.?9(/.
-'.
9).
06
+
*+75.
I(-'
-I()-.2
,+(/
)(A4+5
*0429*-0/)=&'.
*044.*-0/)
+/.
2.)(A4.2
-0
7.
'0-
,59AA.2=

&'.
:;<
W*04
04
-'.
,59A)
,/01(2.)
-+*-(5.
6..27+*X3+X(4A
(-
.+)>
-0
07-+(4
,/0,./
0/(.4-+-(04= BY
Z�[�\
�]##�"�]�
̂�]�]"]%&0
3(4(3(_.
.42
9)./
-./3(4+-(04
,/075.3)8
:;<
9).)
+
̀X.>.2
*044.*-0/a
,/0-0*05=

&'.
,'>)(*+52(66./.4*.
(4
-'.
;./(.)
̀ba
+42
̀<a
*044.*-0/)
(4)9/.)
,/0,./
.42
9)./
*044.*-(1(->=

&'.
̀ba
*044.*-0/()
-'.
,/(4*(,5.
3.+4)
06
*044.*-(4A
:;<
2.1(*.)
2(/.*-5>
-0
+
'0)-
0/
-0
-'.
20I4)-/.+3
,0/-
06
+
'97=
b55:;<
2.1(*.)
39)-
'+1.
-'.
)-+42+/2
;./(.)
̀ba
*044.*-0/
),.*(6(.2
(4
-'()
*'+,-./=

&'.
̀<a
*044.*-0/+550I)
2.1(*.
1.420/)
-0
,/01(2.
+
)-+42+/2
2.-+*'+75.
*+75.=

&'()
6+*(5(-+-.)
.42
9)./
*+75.
/.,5+*.3.4-=c(A9/.
dKS
(559)-/+-.)
-'.
X.>.2
*044.*-0/
,/0-0*05=������
efe
g��������� ������
e�e
g���������h
;./(.)
ibi
,59A)
+/.+5I+>)
0/(.4-.2
������j-0I+/2)
-'.
klmn
opmnqr h
;./(.)
i<i
,59A)
+/.+5I+>)
0/(.4-.2s�t������j
-0I+/2)
-'.u;<
vqwxyqefe
z	{�L|}lr
n~quo�
vqwxyqR e�e
z	{�L|}lr
n~qklmn
opmnqrRe�e
��������	��Lu�mn}q�r
����n
nl
n~quo�
vqwxyq
l}
k��Refe
��������	��Lvl��mn}q�r
��n��n�}lr
n~q
uo�
klmn
l}k��R ��{��
����

����s
g��������
z������	
LGE-1010 / Page 113 of 650



��������	
�����	
��
�������������
��������
���

��

���
������ !"
� #$
�%&�' !#
���
$��
&�("#
'!)
*�+�&$'+��#
+'!
,�
-'$�)./
 0�* �#
123
*�+�&$'+��
-'$�#
� $�
'
0�* �#
123
&�("4

5��+$* +'��67
0�* �#
123
*�+�&$'+��#
�(!+$ �!
'#�($&($#
�*�-
��#$
#6#$�-#
'!)8�*
�(,#4/
 0�* �#
123
&�("
-'$�#
� $�
'
0�* �#
123
*�+�&$'+��4

���
0�* �#
123
&�("
'��'6#
 #
�* �!$�)
$��'*)#$��
��#$
#6#$�-4/
 0�* �#
193
*�+�&$'+��
-'$�#
� $�
'
0�* �#
193
&�("
:-'��;4

5��+$* +'��67
0�* �#
193
*�+�&$'+��#�(!+$ �!
'#
 !&($#
$�
�(,#
�*
)�< +�#4/
 0�* �#
193
&�("
-'$�#
� $�
'
0�* �#
193
*�+�&$'+��4

���
0�* �#
193
&�("
 #
'��'6#
�* �!$�)
$��'*)#$��
=09
�(,
�*
)�< +�4>?@
ABCDE=09
+',��
+�!# #$#
��
��(*
+�!)(+$�*#7
$��
&���*
+�!)(+$�*#7
'!)
$��
# "!'�
+�!)(+$�*#4F "�G8�(��G#&��)
+',��
+�!# #$#
��
'
# "!'� !"
$� #$�)
&' *7
H9=07
IJK7
'!)
'!
�<�*'��
#� ��)4

F "�G8�(��G#&��)
+',��
-(#$
,�
-'*L�)
$�
 !) +'$�
#( $', � $6
��*
=09
(#'"�
:#��
0�+$ �!
M4M4N;4

F "�G8�(��G#&��)+',��
-'6
,�
(#�)
� $�
� $��*
���G#&��)7
�(��G#&��)7
�*
� "�G#&��)
)�< +�#4

O��!
� "�G8�(��G#&��)
+',��
 #(#�)
� $�
���G#&��)
)�< +�#7
$��
+',��
-(#$
-��$
'��
���G#&��)
*�P( *�-�!$#4Q��G#&��)
*�+�--�!)#7
,($
)��#
!�$
*�P( *�
$��
(#�
��
'
+',��
� $�
$� #$�)
# "!'� !"
+�!)(+$�*#4>?R
ABCDE
STTEUCDV�� #
#&�+ � +'$ �!
)�#+* ,�#
$�*��
=09
+',��
'##�-,� �#.

#$'!)'*)
)�$'+�',��
+',��7
� "�G8�(��G#&��)+'&$ <�
+',��7
'!)
���G#&��)
+'&$ <�
+',��42
#$'!)'*)
)�$'+�',��
+',��
 #
'
� "�G8�(��G#&��)
+',��
$�'$
 #
$�*- !'$�)
�!
�!�
�!)
� $�
'
0�* �#
123
&�("'!)
$�*- !'$�)
�!
$��
�&&�# $�
�!)
� $�
'
#�* �#
193
&�("4

2
� "�G8�(��G#&��)
+'&$ <�
+',��
 #
$�*- !'$�)�!
�!�
�!)
� $�
'
0�* �#
123
&�("
'!)
�'#
'
<�!)�*G#&�+ � +
+�!!�+$
-�'!#
:�'*)� *�)
�*
+(#$�-)�$'+�',��;
�!
$��
�&&�# $�
�!)
��*
$��
� "�G8�(��G#&��)
&�* &��*'�4

���
���G#&��)
+'&$ <�
+',��
 #$�*- !'$�)
�!
�!�
�!)
� $�
'
0�* �#
123
&�("
'!)
�'#
'
<�!)�*G#&�+ � +
+�!!�+$
-�'!#
:�'*)� *�)
�*+(#$�-
)�$'+�',��;
�!
$��
�&&�# $�
�!)
��*
$��
���G#&��)
&�* &��*'�4

2!6
�$��*
+',��
'##�-,� �#
'*�&*�� , $�)4���
+���*
(#�)
��*
$��
+',��
'##�-,�6
 #
<�!)�*
#&�+ � +W
*�+�--�!)�)
+���*#
'*�
�� $�7
"*�67
�*
,�'+L4>?R?X
YZB[\B]\
̂EZB_̀BCDE
ABCDE
STTEUCDaETF "�G#&��)
'!)
�(��G#&��)
)�< +�#
+'!
($ � b�
$��
193
+�!!�+$�*4

�� #
'����#
$��
)�< +�
$�
�'<�
'
#$'!)'*))�$'+�',��
=09
+',��4

�� #
�� - !'$�#
$��
!��)
$�
,( �)
$��
)�< +�
� $�
'
�'*)� *�)
+',��
'!)
- ! - b�#�!)
(#�*
&*�,��-#
 �
+',��
*�&�'+�-�!$
 #
!�+�##'*64K�< +�#
($ � b !"
$��
193
+�!!�+$�*
-(#$
,�
)�# "!�)
$�
��*L
� $�
��*#$
+'#�
-'% -(-
��!"$�
)�$'+�',��+',��4

0$'!)'*)
)�$'+�',��
+',��
'##�-,� �#
-'6
,�
(#�)
�!�6
�!
� "�G#&��)
'!)
�(��G#&��)
)�< +�#4=# !"
'
� "�G8�(��G#&��)
#$'!)'*)
)�$'+�',��
+',��
�!
'
���G#&��)
)�< +�
-'6
�%+��)
$��
-'% -(-
���G#&��)
+',��
��!"$�4c "(*�
MGN
 ��(#$*'$�#
'
#$'!)'*)
)�$'+�',��
+',��
'##�-,�64
LGE-1010 / Page 114 of 650



��������	
�����	
��
�������������
��������
���

��
�������
� �
!"#$
%&
������
�'�
!"#$(�'
�%)*+)�+
,�%)-.)/"��)/"�
 ���0/"12345 67893:;
:<=>57 75? @A 68B5CDEF2G8H5I


@A 2J55B







K
&L
K

J
;
M
5
6
G
>
8F N O P Q R C S

J
;
M
5
6
G
>
8

F N O P Q R C S

,�%)�"
'
T
'U������
�'�
!"#$V,�%)�"
 
T
 U������
� �
!"#$V
W KX YSCZ[RCZ[EZ[

S[ZP SSZP
X YK W

CNZ[SCZ[EZ[
NZPSPZN

\]̂_̀abc
=̀ cded2̂fb_a
7ec_eg
8cc
d_heai_̀ai
bfe
_a
h_cc_hêefi
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̀oìclhl
cdfw]

  ++
�#%
'()m;fqewl
gcqdlaihek
acqeigl
aph
?5A
9hxbvh]n

yz��3&")�)
������
� �
!"#$m;fqewl
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�fSbbLcbbg
@̂ USh
̀bce
̂Th
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VÒPX̂
YXOUV
XPT
QRVKWL
OP
TOULSK
SJPKXSK
uOKa
KaL
KOPPLT
SJYYLU
JRKLU
VaOL̂TZ
LGE-1010 / Page 132 of 650



��������	
�����	
��
�������������
��������
���

���

��
����� !
" !!
#$�%&�'(()

*�+,
��
-*�*./01�2 3&��4)

#$'
% 5!'
�6(7
5'
!'4�5!8
� 3&'9
6(��4
%��73 (7��4
%�!�3
:'3� �'�7
��&�;�
2����6�
� 3&��4
��<�3� 7���
<�3
$�4$=><6!!=(:''9
% 5!'
�6(7
��%!69')?@�
@ABCDECE
FG 64'>.H
I
G 64'>.HJ
?D
H2
K/
�H
L
?D
M'�9�3
BE���
2����6�
� 3&��4
��<�3� 7���
<�3
!�N=(:''9
% 5!'
($ !!
��%!69')?@�
(:'%�<�%
� 3&��4
�(
��7
3'O6�3'9
<�3
!�N=(:''9
% 5!'������ !
P 53�% 7'9
H 5!'
Q67'3
E� �'7'3)#$�(
�(
 
����� !
R !6'
 �9
� 8
R 38
(!�4$7!8
<3��
� �6< %763'3
7�
� �6< %763'3
 (
 
<6�%7���
�<
7$'%��96%7�3
��(6! 7��4
� 7'3� !(
 �9
%��96%7�3
(:'%�<�'9�

S'<'3
7�
# 5!'
+=/�T�U	�
VW��

X�Y���	
Z�U	�
[��Y����\]̂_̀a_a
b\cdef̀_
dghîjklem̂gh ngoĥè
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mĴ
j?
BA
B@\X:F@A
F@
AP<
ghf
C:@@<CA:U
W@T<UA<EA]?:@ABCA
?BXBCFAB@C< GHI
JKLMĴOP<
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SA<NSŜ:;<=>?@?AB
TN<RO<WNU
_?AM
W=A?VXQOWTOVNVAS
?S
?VANVUNU
AO
T<OU;QN>OAM
WNQM=V?Q=@
=VU
_N=<
SA<NSŜ
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LGE-1010 / Page 136 of 650



��������	
�����	
��
�������������
��������
���

���

���	�
����

���
�	�������	�
 ��!�����	�
��"
�������#����	
$�#�	�����
����"��"�
%$������"&'()*
+(),-./*.01 '()*
2-0,(34-( 2(-50-671,(
8(94.-(6(1*
:;<=>?
@ABC;DA>< EFG
HIJKLMNOPD
Q><=ADA><
@
NOPD
RODDOC
GNSAP
DOPD
TC>UO=VCO
AP
;TTWAU;BWO
D>XYZ
U><<OUD>CP
DS;D
?;[\
A<POC]AUO\
BO
PVB̂OUDO=
D>
U><=ADA><PA<]>W]A<_
]ABC;DA><̀

aSODSOC
;
XYZU><<OUD>C
S;P
D>
bV<UDA><
=VCA<_]ABC;DA><
>C
?OCOW[
D>
PVC]A]OU><=ADA><P
>b
]ABC;DA><
PS>VW=
BOUWO;CW[
PD;DO=
B[
DSO
=OD;AWO=TC>=VUD
PTOUAbAU;DA><̀

F<
OADSOCU;PO\
DSO
COWO];<D
PTOUAbAU;DA><PS>VW=
;Wc;[P
TCOPUCABO
DSO;UUOTD;BWO
TOCb>C?;<UOD>WOC;<UOP̀

d>
=APU><DA<VADAOP
>b
e
fP
>CW><_OC
=VC;DA><
cSO<
?;DO=
XYZU><<OUD>CP
;CO
PVB̂OUDO=
D>g̀Hg
hP
:iỲ
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=<=>ĤC@=<J
K:_BD@C
DO:<;
BLC=PP@EP@:=BC
U=>:S@=B:E<OB=<J=@JO
EVC@
BLC
JCO:@CJK@CIDC<UH
@=<;CYeY
fE>>EX
BLC
WCBLEJ
>:OBCJ
:<gCX>CBB
?=U]=@J
APP>:U=B:E<\EBC
dhiM̀
BE
WC=OD@C
BLCEPC<MC<JCJ
@COPE<OC
EK
BLCU=S>CYjY
9LE@B
U:@UD:B
BLC
9C@:CO
akb
C<JFE@
S=@C
>C=JO
C<Jc
:K
=
U=PB:VCU=S>CQ
=<J
WC=OD@C
BLC
OLE@BMU:@UD:B
@COPE<OCYlY
mO:<;
BLC
OEKBX=@C
:<
gM?
APPY\EBC
dhiM̀
E@
CID:V=>C<BcU=>UD>=BC
BLC
U=S>C
=BBC<D=B:E<=UUED<B:<;
KE@
@COE<=<UCCKKCUBO
:<
BLC
U=S>C
=O
<CCJCJY

nCKC@
BE
9CUB:E<
oYZYZo
KE@K@CIDC<UH
@=<;C
=<J
=>>EX=S>C=BBC<D=B:E<Y

LGE-1010 / Page 139 of 650



��������	
�����	
��
�������������
��������
���

���

���	�
����

���
�	�������	�
��� �����	�
��!
�������"����	
#�"�	�����
����!��!�
$#������!%&'()
*'(+,-.)-/0 &'()
1,/+'23,' 1',4/,560+'
7'83-,'5'0)
9:;<=>=?@;A
BCD=E

FGC
<H:<;IC
;J
?GC
?CI?
@I
?;
KC:@JE?GC
CAL
?;
CAL
<:;<=>=?@;A
;J
?GCM=NDCOPO
Q;AACM?
;AC
;H?<H?
;J
?GCFBR
I=S<D@A>
GC=L
?;
?GC
BT=AL
BU
@A<H?I
;J
?GC@S<CL=AMCVLCD=EVIWCX
?CI?J@Y?H:C
Z[;?C
P\O

]IC
;AC
̂_
̀M=NDC
J;:
C=MG
I@>A=D
=AL
IC??GC
FBR
GC=L
?;
L@JJC:CA?@=DFBR
S;LCOaO
Q;AACM?
?GC
M=NDC
?;
NC
?CI?CL?;
?GC
?CI?
J@Y?H:CO

bJLC?=MG=NDCc
<DH>
N;?GM;AACM?;:I
@A
?;
?GC
S=?MG@A>J@Y?H:C
M;AACM?;:IO

bJ
M=<?@KCc<DH>
?GC
IC:@CI
def
<DH>
@A?;?GC
S=?MG@A>
J@Y?H:C
M;AACM?;:=AL
I;DLC:
?GC
I?:@<<CL
DC=LI;A
?GC
;?GC:
CAL
?;
?GC
?CI?J@Y?H:COgO
hC=IH:C
?GC
<:;<=>=?@;A
LCD=E;J
?GC
?CI?
J@Y?H:C
NEM;AACM?@A>
=
IG;:?
<@CMC
;JX@:C
=M:;II
?GC
J@Y?H:C
J:;S@A<H?
?;
;H?<H?
=AL
:CM;:L@A>?GC
LCD=EOiO
RCS;KC
?GC
IG;:?
<@CMC
;J
X@:C=AL
:CSC=IH:C
?GC<:;<=>=?@;A
LCD=EO

jHN?:=M?J:;S
@?
?GC
LCD=E
;J
?GC
?CI?J@Y?H:C
SC=IH:CL
@A
?GC<:CK@;HI
I?C<O

k@>GUVJHDDUI<CCLOjCC
jCM?@;A
lOPOPOPcjCM?@;A
lOPOic
jCM?@;A
lOPOPmc
=ALF=NDC
lUn
ZFojQpq\Oq;XUI<CCLOjCC
jCM?@;A
lOPOPOacjCM?@;A
lOPOPmc
=AL
F=NDC
lUnZFqjQpq\O

LGE-1010 / Page 140 of 650



��������	
�����	
��
�������������
��������
���

���

���	�
����

���
�	�������	�
 ��!�����	�
��"
�������#����	
$�#�	�����
����"��"�
%$������"&'()*
+(),-./*.01 '()*
2-0,(34-( 2(-50-671,(
8(94.-(6(1*
:;<=>?>@A<B
CDE>F
GHDI JKAL
@DL@
ABLM;DL
@K>@
@KD
LA?B>E
<BN<@K
@KD
CO
>BP
CQ
EABDL
>;;ARD
>@@KD
;DSDARD;
>@
@KD
L>TD
@ATDUVU
W<BBDS@
@KD
JCX
@<
@KD
YAZ@M;DIA@K
@DL@
L>T=ED
S>NED[
>L
AB@KD
=;DRA<ML
LDS@A<BU\U
]D>LM;D
@KD
PAYYD;DBSD
ABPDE>F
Y<;
@KD
@I<
S<BPMS@<;L
AB@KD
@DL@
S>NEDU

̂LD
@KD
JCXSM;L<;L
@<
YABP
@KD
<=DBQSA;SMA@DP
DBP
<Y
D>SKS<BPMS@<;
_IKD;D
@KDAT=DP>BSD
?<DL
ABYABA@D̀
>BPLMN@;>S@
@KD
@ATD
PAYYD;DBSDND@IDDB
@KD
@I<
R>EMDLU

:;<=>?>@A<B
LHDI
TML@
TDD@
@KD;DaMA;DTDB@L
>L
EAL@DP
ABGDS@A<B
bUVUcU

W>=>SA@ARD
d<>PeBEF
;DaMA;DP
Y<;
E<IQL=DDP
JKD
=M;=<LD
<Y
@KAL
@DL@
AL
@<
ABLM;D@KD
PAL@;ANM@DP
AB@D;QIA;DS>=>SA@>BSD
AL
EDLL
@K>B
@KDEMT=DP
S>=>SA@>BSD
L=DSAYADP
NF@KD
E<IQL=DDP
@;>BLTA@
P;ARD;UVU
W<BBDS@
@KD
<BD
ED>P
<Y
@KDfT=DP>BSD
gB>EFhD;
@<
@KD
CO=AB
<B
@KDAT=DP>BSDiPDE>FiLHDI
YAZ@M;D_j<@D
V̀
>BP
@KD
<@KD;
ED>P
@<@KD
CQ
=ABU\U
W<BBDS@
@KD
LD;ADL
kgk
=EM?
@<@KD
YAZ@M;D[
IA@K
@KD
LD;ADL
lmnDBP
ED>PL
<=DBQSA;SMA@DPUcU
GD@
@KD
fT=DP>BSD
gB>EFhD;
@<>
Y;DaMDBSF
<Y
Voo
Hph[
@<TD>LM;D
@KD
S>=>SA@>BSDU

GDD
GDS@A<B
bUVUVU\
>BP
J>NED
bQb_Wdfĵ g̀U
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Àrr
s
r̀qr
qÀrr
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gẀ̂ Ẁ
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ibpY
xYYc
eg]UrUY]
rgX
iUVi[âYY]
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Universal Serial Bus Specification Revision 2.0

The magnitude of the current source and the value of the termination resistors are controlled to specified
tolerances, and together they determine the actual voltage drive levels. The DC resistance from D+ or D- to the
device groundis required to be 45 Q +10% when measured without a load, and the differential output voltage
measured acrossthelines (in either the J or K state) must be +400 mV +10% when D+ andD-are terminated
with precision 45 Q resistors to ground.

The differential voltage developed across the lines is used for three purposes:

e A differential receiver at the receiving end of the cable receives the differential data signal.

e A differential envelope detector at the receiving end of the cable determines whenthe link is in the Squelch
state. A receiver uses squelch detection as indication that the signal at its connectoris not valid.

e Inthe case of a downstream facing hub transceiver, a differential envelope detector monitors whether the
signal at its connectoris in the high-speed state. A downstream facing transceiver operating in high-speed
modeis required to test for this state at a particular point in time whenit is transmitting a SOF packet, as
described in Section 7.1.7.3. This is used to detect device disconnection. In the absence of the far end

terminations, the differential voltage will nominally double (as compared to when a high-speed device is
present) when a high-speed J or K are continuously driven for a period exceeding the round-trip delay for
the cable and board-traces between the two transceivers.

USB2.0 requires that a downstream facing transceiver must be able to operate in low-speed, full-speed, and
high-speed signaling modes. An upstream facing high-speed capable transceiver must not operate in low-speed
signaling mode, but must be able to operate in full-speed signaling mode. Therefore, a 1.5 kQ pull-up on the D-
line is not allowed for a high-speed capable device, since a high-speed capable transceiver must never signal
low-speed operation to the hub port to which it is attached.

Table 7-1 describes the required functional elements of a high-speed capable transceiver, using the diagram
shown in Figure 7-1 as an example.
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Universal Serial Bus Specification Revision 2.0

Buffer Output Imped.(Zur)

Rs 
 
 

D+ (28Q to 44Q Equiv.Imped.)

Identical

CMOS

a Buffers

 

  D- (28Q to 44Q Equiv. Imped.)

Figure 7-3. Example Full-speed CMOSDriver Circuit (non High-speed capable)

Full-speed Buffers in Transceivers Which are Not High-speed Capable

The buffer impedance must be measured for driving high as well as driving low. Figure 7-4 showsthe
composite V/I characteristics for the full-speed drivers with included series dampingresistor (RS). The
characteristics are normalized to the steady-state, unloaded output swing of the driver. The normalized driver
characteristics are found by dividing the measured voltages and currents by the actual swing of the driver under
test. The normalized V/I curve for the driver mustfall entirely inside the shaded region. The V/I regionis
bounded by the minimum driver impedance above and the maximum driver impedance below. The minimum
drive regionis intersected by a constant current region of |6.1 VOH| mA whendriving low and -|6.1 VOH| mA
when driving high. In the special case ofa full-speed driver which is driving low, and whichis part ofa high-
speed capable transceiver, the low drive region is intersected by a constant current region of 22.0 mA. This is
the minimum current drive level necessary to ensure that the waveform at the receiver crosses the opposite
single-ended switching level on thefirst reflection.

Whentesting, the current into or out of the device need not exceed +10.71*VOH mAandthe voltage applied to
D+/D- need not exceed 0.3*VOHfor the drive low case and need not drop below 0.7*VOHforthe drive high
case.

Full-speed Buffers in High-speed Capable Transceivers

Figure 7-5 showsthe V/I characteristics for a Full-speed buffer whichis part of a high-speed capable
transceiver. The output impedance, Zusprv (including the contribution of Rs), is required to be between 40.5 O
and 49.5 Q. Additionally, the output voltage must be within 10mV of ground when nocurrentis flowing in or
out of the pin (VHSTERM).
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Universal Serial Bus Specification Revision 2.0

drive low

lout
(mA)

Slope = 1/28Q
“a

10.71 * [Vou Test Limit

6.1 * [Vou 
2.32

0 _!
080.3V 0.27°VonH=:0.3*Von Vout (Volts) Vou

0

drive high SI 4/440
ope = he

-6.1*|Vou|

-10.71 * [Voul Test Limit Slope - 1/28Q

lout
(mA) 

0 Vout (Volts) 0.7*Von 0.73*Von Vou

Figure 7-4. Full-speed Buffer V/I Characteristics
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Qb[c
ZS_ZŜSbR̂
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̀Ŝedb
RVaR
iab
̀ZehS
RVS
̀Q\b̂RZSaf
RŜR
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fSâjZSfSbR̂
aZS
fàS
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aZe
UYV
UV[U
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ÈaR̂b@@Q
pd??@A
Od̂C
p@
D
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]��� �̀à����b	�����\���c�̀à�� d
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càdel

YZ[
az[̀ng]̀̀[\d
ga\hidia\
ie
̀[càd[h
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LMOMd Ô^ CH9KQ>=@A
V;K=>E=
V>C>EJ=>KE@ V9V :@E=J;K
cML N ChV>G<@
<;HH :C@EJDJ@A
Gf
=>G<@
>KA?B>CF
JK
:@E=J;K
LMOMOLS;=@
Op
e@>HXB@A
>=
q
C<X?MS;=@
Np
e@>HXB@A
>=
q
B@E@C=>E<@MS;=@
dp
e@>HXB@A
>=
8
B@E@C=>E<@MS;=@
rp
e@>HXB@A
>=
q
;B
8
E;KK@E=;BMS;=@
Pp
e@>HXB@A
gJ=F
si
;D
OMrNP
l_
=;
dMc
7MS;=@
cp
e@>HXB@A
gJ=F
si
;D
OrMNP
l_
=;
RSIMS;=@
Lp
jJQJK?
AJDD@B@KE@
G@=g@@K
=F@
AJDD@B@K=J><
A>=>
HJ?K><HMS;=@
kp
e@>HXB@A
>=
EB;HH;t@B
C;JK=
;D
AJDD@B@K=J><
A>=>
HJ?K><HMS;=@
]p
jF@
Q>uJQXQ
<;>A
HC@EJDJE>=J;K
JH
=F@
Q>uJQXQ
@DD@E=Jt@
E>C>EJ=Jt@
<;>A
><<;g@A
=F>=
Q@@=H
=F@
=>B?@=789:
AB;C
;D
dd̂
Q7MS;=@
Ôp
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7FS=
K8:87;=8JA>i8F@8<>K?8CU8E=6;<
Yd\dYdj j 7SGF:>=6;<
;9
C:6D6<B
:8SF78F@S=:8>7 5GhÙ ĉ U8E=6;<
Yd\dYdY \ \j 7Sh8SF78
h8E;D8:L
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����k��̀ p̀o�̀n
id~�ê t̀�
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hỲY[n[\oZg\̀b[d\
ig]b
̂̀ Ỳ_b
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Universal Serial Bus Specification Revision 2.0

commonto endpoint types are presented first. The lowest level endpoint type specific state machines are
presented in each following endpoint type section. 

HC_Do_nonsplit

HC_HS_BCO

HC_DoBCINTO

HC_Do_BCINTI

HC_Do_IsochO

HC_DoIsochl

 

  

  

  

    
  
 

Figure 8-20. Host Controller Non-split Transaction State Machine Hierarchy Overview

DeviceProcesstrans
 

Dev_doOUT

Dev_doIN
Dev_Do_IsochI

Dev_DoBCINTI

Dev_HSping

Figure 8-21. Device Transaction State Machine Hierarchy Overview
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Universal Serial Bus Specification Revision 2.0

 
 

 device.ep(token.endpt).ep_type = isochronous 

  
 

device.ep(token.endpt).ep_type = bulk or
device.ep(token.endpt).ep_type = control or
device.ep(token.endpt).ep_type = interrupt

 

  Device_Do_IN 

Figure 8-25. Dev_do_IN State Machine
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ĵkh
p
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pabĝ�̂vpa
̂m
uia�pk
ki
pm
�²~
òk
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hXYâcYkjYgfY
nahc
clgfX̂_gamYb
dh
hXY
chd̂h
_r
d
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URP
OQI]JYHI
iQNJ
M]]PfJ
JRP
\MJM
MI\
KPJQKI
kGl̀mRPI
JRP
OQI]JYHI
M]]PfJN
JRP
JKMINM]JYHIn
YJ
iQNJ
NPJ
YJN
NP̂QPI]P
_YJ
NH
JRMJ
_HJR
JRP
RHNJoN
MI\
OQI]JYHIoNNP̂QPI]P
_YJN
MKP
P̂QML
JH
HIP
MJ
JRP
PI\
HO
JRP
STUVW
JKMINM]JYHÌ����p
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_ỳ 
z��a�d�{�
c��d
����e,'
'$�
�*.
%:
'�)*#)('�%*
|8
'$���
�#
)
'�3;%�)�0
4%##
%:
(%$���*(0
5�'&��*
'�)*#3�''��
)*.
��(��6��8
)#�6�.�*(�.
50
'$�
3�#3)'($
5�'&��*
'$���
��#;�('�6�
#�9��*(�
5�'#/

7$�
��(��6��
$)#
��(��6�.
�%%.
.)')8
5�''$�
'�)*#3�''��
.%�#
*%'
2*%&
&$�'$��
�'
$)#
#�((�##:�440
#�*'
.)')/

}*
'$�
*�~'
'�)*#)('�%*8
'$�
'�)*#3�''��&�44
��#�*.
'$�
;��6�%�#
.)')
�#�*�
'$�
;��6�%�#
�,7,�
���/

7$�
��(��6��<#
#�9��*(�
5�'
)*.
'$�
.)')
���&�44
*%'
3)'($8
#%
'$�
��(��6��
2*%&#
'$)'
�'
$)#
;��6�%�#40
)((�;'�.
'$�#
.)')/

1%*#�9��*'408
�'
.�#()�.#
'$��*(%3�*�
.)')
;)(2�'
)*.
.%�#
*%'
'%��4�
�'#
#�9��*(�
5�'/

7$�
��(��6��
'$�*
�##��#
,1-8
&$�($
()�#�#
'$�'�)*#3�''��
'%
���)�.
'$�
��'���.
'�)*#)('�%*
)#
#�((�##:�4/

��(��;'
%:
,1-
()�#�#
'$�
'�)*#3�''��
'%
'%��4��'#
#�9��*(�
5�'/

,'
'$�
5���**�*�
%:
'�)*#)('�%*
|��8
'$�
#�9��*(�
5�'#
$)6�
'%��4�.
)*.
)��
)�)�*#0*($�%*�=�./7$�
.)')
'�)*#3�''��
3�#'
��)�)*'��
'$)'
)*0
��'���.
.)')
;)(2�'
�#
�.�*'�()4
�#)3�
4�*�'$
)*.
(%*'�*'�
)#'$)'
#�*'
�*
'$�
%����*)4
'�)*#)('�%*/

�:
'$�
.)')
'�)*#3�''��
�#
�*)54�8
5�()�#�
%:
;�%54�3#
#�($
)#
)
5�::���*.����*
(%*.�'�%*8
'%
'�)*#3�'
'$�
�.�*'�()4
)3%�*'
%:
.)')
)#
&)#
�*
'$�
%����*)4
.)')
;)(2�'8
�'
3�#'
)5%�'
LGE-1010 / Page 262 of 650



��������	
�����	
��
�������������
��������
���

���

���
������ �!"�
#$
%������!�%
�
#!�
��&''!�%
(!")��!"�
'"�
'&))*+)",*�-��./

0�
���"�
'"�
�!%�*�-��.
1&��
#�'"� �.
#$
��2!�%
���
 &�����)$
 �) &)���.
343
��.
 "1-)�1���!�%
!�
#�'"��
�����1!��!�%
!�/

5�!�
 �&���
�.��� ��#)�
���"�
��
���
�� �!(��
��.
%&��������
����
�
-���!�)
-� 2��
,!))
�"�
#�
!����-����.
��
�
%"".
-� 2��/5��
�����1!����
��"&).
�"�
��$
�"
'"� �
��
���"�
��
���
�� �!(��
#$
���.!�%
�
 "������
2�",�
#�.
343/

0 "1#!���!"�
"'
�
#�.
-� 2��
,!��
�
6#�.7
343
1�$
#�
!����-����.
#$
���
�� �!(��
��
�
%"".
-� 2��/89:9;
<=>?@ABBC
DEFG@FHIJ=G@5��
KLM
�&--"���
�!%��)!�%
��
�����
�-��.�N

�!%�*�-��.
�!%��)!�%
��
OPQ
R#+�S
'&))*�-��.
�!%��)!�%
��TU/Q
R#+�S
��.
)",*�-��.
�!%��)!�%
��
T/V
R#+�/

W&#�
!�")���
�!%�*�-��.
�!%��)!�%
'�"1
'&))*+)",*�-��.�!%��)!�%
��(!�"�1����/X!��!�
�
'&))*+)",*�-��.
�!%��)!�%
��(!�"�1���S
�&#�
.!��#)�
.",������1
#&�
���''! 
�"
�))
-"���
�"
,�! �)",*�-��.
.�(! ��
���
���� ��.
.&�!�%
'&))*�-��.
.",������1
�!%��)!�%/

5�!�
!�
��Y&!��.
#"��
'"�
ZR[����"��
��.
�"
-��(���
��$
-"��!#!)!�$
����
�
)",*�-��.
.�(! �
1!%��
1!�!����-���
.",������1
�
'&))*�-��.-� 2��
��
#�!�%
�..�����.
�"
!�/\!%&��
P*OP
��",�
��
[]
)",*�-��.
������ �!"�
!�
,�! �
���
�"��
̂"�
55_
!��&��
�
�"2��
��.
���.���2�
��.�� �!(��
�
.���
-� 2��/
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Universal Serial Bus Specification Revision 2.0

Attached

Hub Reset

or Hub
Deconfigured Configured

 
  
 
 
 

 Bus

Inactive

BusActivity 
 

 
Suspended

Suspended

Suspended

Suspended

  
 
 

 
 
 

Inactive

BusActivity 
 
 

Reset

 Address

Assigned 
 
 

 
 

 Inactive 
Address 

BusActivity 
 

 

 
 

  
 

Device Device

Deconfigured Configured 

 Inactive 
Configured 

BusActivity

 
Figure 9-1. Device State Diagram
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̀V
WXY
uY�a_Y
a]
j̀W
]vY_aVaYuwUV
Zj
Yjuv̀ajW
̀\
ajWY\VZ_Y
a]
]vY_aVaYu
WXZW
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]ŶY_W
WXY
uY]a\Yu
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Ỳ
M
JKaOHKN_ggFEGN
HIMNNXNgKHÒOH
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MZZ
JWXPYOWSTa
IOST
kl__l
TPJQO[f
SVJ
HMNOHGHPMQRJS
TOUJ
dOW
IfSJTe_ỲK
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