Ãëàâà 7 � Ýëåêòðè÷åñêèå ïàðàìåòðû



Ýòà ãëàâà îïèñûâàåò ñïåöèôèêàöèþ ýëåêòðè÷åñêèõ ïàðàìåòðîâ USB. Îíà ñîäåðæèò ñïåöèôèêàöèþ óðîâíåé ïåðåäà÷è ñèãíàëîâ, ðàçâîäêè ïèòàíèÿ, è ôèçè÷åñêèõ ïàðàìåòðîâ. (It contains signaling, power distribution, è physical layer specifications.)

Ïåðåäà÷à ñèãíàëîâ

Â ñëåäóþùèõ ïîäðàçäåëàõ  îïèñàíà ñïåöèôèêàöèÿ ïåðåäà÷è ñèãíàëîâ â USB.

Õàðàêòåðèñòèêè Äðàéâåðà USB

 USB èñïîëüçóåò äèôôåðåíöèàëüíûé âûõîäíîé äðàéâåð (differential output driver)  äëÿ óïðàâëåíèÿ  ñèãíàëîì äàííûõ USB íà êàáåëå USB. Ñòàòè÷åñêîå êîëåáàíèå âûâîäà äðàéâåðà â íèçêîì ñîñòîÿíèè äîëæíî áûòü íèæå VOL 0.3 Â ñ 1.5 k( íàãðóçêîé äî 3.6 Â, è â âûñîêîì ñîñòîÿíèè äîëæåí áûòü âûøå VOH 2.8 Â ñ 15 k( çàçåìëåííîé íàãðóçêîé êàê ïðîèëëþñòðèðîâàíî â  � REF _Ref337715814 \* MERGEFORMAT �Òàáëèöà 7-4�. (The static output swing of the driver in its low state must be below the VOL of 0.3 V with a 1.5 k( load to 3.6 V è in its high state must be above the VOH of 2.8 V with a 15 k( load to ground as listed in Òàáëèöå 7-4.) Êîëåáàíèå âûâîäà ìåæäó äèôôåðåíöèàëüíûì âûñîêèì è íèçêèì ñîñòîÿíèåì äîëæíû áûòü õîðîøî ñáàëàíñèðîâàíû, ÷òîáû ìèíèìèçèðîâàòü ïåðåêîñ ñèãíàëà. (The output swings between the differential high è low state must be well balanced to minimize signal skew.) Òðåáóåòñÿ óïðàâëåíèå ñêîðîñòüþ ïåðåêëþ÷åíèÿ äðàéâåðà, ÷òîáû ìèíèìèçèðîâàòü èçëó÷àåìûé øóì è ïåðåêðåñòíûé ðàçãîâîð (Slew rate control on the driver is required to minimize the radiated noise è cross talk.) Âûâîäû äðàéâåðà äîëæíû ïîääåðæèâàòü âîçìîæíîñòü íàõîæäåíèÿ â òðåòüåì ñîñòîÿíèè äëÿ ðàáîòû â äâóíàïðàâëåííîé ïîëó äóïëåêñíîì ðåæèìå.(The driver’s outputs must support three-state operation to achieve bi-directional half duplex operation.) Òàêæå òðåáóåòñÿ âûñîêèé èìïåäàíñ äëÿ èçîëèðîâàíèÿ ïîðòà îò downstream óñòðîéñòâ, êîòîðûå òîëüêî âñòàâëåííûìè(hot inserted) èëè êîòîðûå ñîåäèíåíû, íî âûêëþ÷åíû. Äðàéâåð äîëæåí äîïóñòèòü íàïðÿæåíèå íà øòûðüêàõ ñèãíàëà îò -0.5 Â äî 3.8 Â îòíîñèòåëüíî ëîêàëüíîãî çàçåìëåííîãî ýòàëîíà áåç ïîâðåæäåíèé (The driver must tolerate a voltage on the signal pins of -0.5 V to 3.8 V with respect to local ground reference without damage.) Îí äîëæíî äîïóñòèòü ýòî íàïðÿæåíèå äëÿ 10.0 µñ, â òî âðåìÿ êàê äðàéâåð àêòèâåí è çàïóùåí, è äîïóñêàòü íåîïðåäåëåííî ñîñòîÿíèå, êîãäà äðàéâåð íàõîäèòñÿ â ñîñòîÿíèè âûñîêîãî èìïåäàíñà. (It must tolerate this voltage for 10.0 µs while the driver is active è driving, è tolerate the condition indefinitely when the driver is in its high impedance state.)

Õàðàêòåðèñòèêè Ïîëíî Ñêîðîñòíîãî (12 ÌÁ) Äðàéâåðà (Full Speed (12 Mbs) Driver Characteristics)

Ïîëíî ñêîðîñòíîå ñîåäèíåíèå USB ïðîèñõîäèò ïî êàáåëþ èç ýêðàíèðîâàííîé(shielded) âèòîé ïàðû ñ õàðàêòåðèñòèêîé èìïåäàíñà (Z0) 90( (15 % è ìàêñèìàëüíîé äëèíîé â 5 ìåòðîâ. Èìïåäàíñ êàæäîãî èç äðàéâåðîâ äîëæåí áûòü ìåæäó 29 ( è 44 (. Ïîâûøåíèå íà ëèíèè äàííûõ è ïàäåíèå âðåìåíè äîëæíû áûòü ìåæäó 4 íñ è 20 íñ, ãëàäêî ïîâûøàÿñü èëè ïàäàÿ (ìîíîòîííî), è áûòü õîðîøî ñîãëàñîâàííûìè, ÷òîáû ìèíèìèçèðîâàòü RFI ýìèññèþ è ñîîáùàòü î ïåðåêîñå.(The data line rise è fall times must be between 4 ns è 20 ns, smoothly rising or falling (monotonic), è be well matched to minimize RFI emissions è signal skew.)

Ïðè CMOS ðåàëèçàöèè , èìïåäàíñ äðàéâåðà áóäåò îáû÷íî ðåàëèçîâûâàòüñÿ äðàéâåðîì CMOS ñ èìïåäàíñîì çíà÷èòåëüíî ìåíüøå, ÷åì åãî ñîïðîòèâëåíèå, ñ äèñêðåòíûì äîáàâî÷íûì ðåçèñòîðîì, ñîñòàâëÿþùèì ðàâíîâåñèå (For a CMOS implementation, the driver impedance will typically be realized by a CMOS driver with an impedance significantly less than this resistance with a discrete series resistor making up the balance.)  � REF _Ref332163067 \* MERGEFORMAT �Ðèñóíîê 7-1� ïîêàçûâàåò ïðèìåð òîãî, êàê ìîã áû áûòü âûïîëíåí ïîëíî ñêîðîñòíîé äðàéâåð, èñïîëüçóÿ äâà èäåíòè÷íûõ áóôåðà CMOS, êîòîðûå èìåþò âûõîäíîé èìïåäàíñ ìåæäó 3( è 15( è äâà äîáàâî÷íûõ ðåçèñòîðà 27(. � REF _Ref340652550 \* MERGEFORMAT �Ðèñóíîê 7-2� ïîêàçûâàåò âðåìåííûå äèàãðàììû ïîëíî ñêîðîñòíûõ ñèãíàëîâ äðàéâåðà.

� EMBED Word.Picture.6  ���

Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC \r 1 �1�.  Ïðèìåð Ñõåìû CMOS Ïîëíî Ñêîðîñòíîãî Äðàéâåðà 
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �2�.  Âðåìåííûå Äèàãðàììû Ñèãíàëîâ Ïîëíî Ñêîðîñòíîãî Äðàéâåðà

Õàðàêòåðèñòèêè Íèçêî Ñêîðîñòíîãî (1.5 ÌÁ) Äðàéâåðà

Íèçêî ñêîðîñòíîå ñîåäèíåíèå USB ïðîèñõîäèò ïî êàáåëþ èç íåýêðàíèðîâàííîé(shielded) íåâèòîé ïàðû ñ è ìàêñèìàëüíîé äëèíîé â 3 ìåòðà. Ïîâûøåíèå è ïàäåíèå âðåìåíè ñèãíàëîâ íà ýòîì êàáåëå äîëæíî áûòü áîëüøåå ÷åì 75 íñ, ÷òîáû õðàíèòü RFI ýìèññèþ ïîä îãðàíè÷åíèÿìè êëàññà B FCC, è îãðàíè÷èâàòü ìåíåå ÷åì 300 íñ çàäåðæêè ñèíõðîíèçàöèè è ïåðåêîñû ïåðåäà÷è ñèãíàëîâ è èñêàæåíèÿ. (The rise è fall time of the signals on this cable must be greater than 75 ns to keep RFI emissions under FCC class B limits, è less than 300 ns to limit timing delays è signaling skews è distortions.) Äðàéâåð äîëæåí äîñòèãíóòü îïðåäåëåííûõ ñòàòè÷åñêèõ óðîâíåé ñèãíàëà ñ ãëàäêèì ïîâûøåíèåì è ïàäåíèåì âðåìåíè, è ìèíèìàëüíûì îòðàæåíèÿ ñèãíàëà è ñãëàæèâàíèå ïðè ïåðåäà÷è ïî êàáåëþ (ñì. � REF _Ref340652672 \* MERGEFORMAT �Ðèñóíîê 7-3�). The driver must reach the specified static signal levels with smooth rise è fall times, è minimal reflections è ringing when driving the cable.  Ýòîò êàáåëü è äðàéâåð èñïîëüçóþòñÿ òîëüêî â ñåãìåíòàõ ñåòè ìåæäó íèçêî ñêîðîñòíûìè óñòðîéñòâàìè è ïîðòàìè, ñ êîòîðûìè îíè ñîåäèíåíû.
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �3�.  Âðåìåííûå Äèàãðàììû Ñèãíàëîâ Íèçêî Ñêîðîñòíîãî Äðàéâåðà

Èñïîëüçîâàíèå Äðàéâåðà

Ïîëíî ñêîðîñòíûå áóôåðà èñïîëüçóþòñÿ íà upstream ïîðòàõ (ê õîñòó) âñåõ êîíöåíòðàòîðîâ è ïîëíî ñêîðîñòíûõ ôóíêöèé. Âñå óñòðîéñòâà ñ êîíöåíòðàòîðàìè äîëæíû áûòü ïîëíî ñêîðîñòíûìè óñòðîéñòâàìè. Ïîëíî ñêîðîñòíîé äðàéâåð áóäåò èñïîëüçîâàòüñÿ, ÷òîáû ïîñëàòü äàííûå â îáîèõ è ñêîðîñòè íèçêî ñêîðîñòíûõ ïåðåäà÷ äàííûõ.(A full speed driver will be used to send data at both è low speed data rates.) Îäíàêî, ïåðåäà÷à ñèãíàëîâ âñåãäà èñïîëüçóåò ïîëíî ñêîðîñòíûå ñîãëàøåíèÿ ïåðåäà÷è ñèãíàëîâ (îáðàòèòåñü ê � REF _Ref331519298 \* MERGEFORMAT �Òàáëèöà 7-1�) è ãðàíèöû ñêîðîñòè.(However, the signaling always uses full speed signaling conventions (refer to  � REF _Ref331519298 \* MERGEFORMAT �Òàáëèöà 7-1�) è edge rates.)  Âûïîëíåíèå ïðè ñêîðîñòè íèçêî ñêîðîñòíûõ ïåðåäà÷ äàííûõ íå èçìåíÿåò õàðàêòåðèñòèêè äðàéâåðà.

Íèçêî ñêîðîñòíûå áóôåðà èñïîëüçóþòñÿ íà upstream ïîðòàõ íèçêî ñêîðîñòíûõ ôóíêöèé.  Downstream ïîðòû âñåõ êîíöåíòðàòîðîâ (âêëþ÷àÿ õîñò) íóæíû äëÿ îáåñïå÷åíèÿ îáåèõ õàðàêòåðèñòèê äðàéâåðà, òàêèì îáðàçîì ëþáîé òèï óñòðîéñòâ ìîæåò áûòü ïîäêëþ÷åí ê ýòèì ïîðòàì (ñì. � REF _Ref327442781 \* MERGEFORMAT �Ðèñóíîê 7-5� è � REF _Ref327442847 \* MERGEFORMAT �Ðèñóíîê 7-6�). Íèçêî ñêîðîñòíûå äðàéâåðû òîëüêî ïîñûëàþò ñî ñêîðîñòüþ íèçêî ñêîðîñòíîé ïåðåäà÷è äàííûõ, èñïîëüçóÿ íèçêî ñêîðîñòíûå ñîãëàøåíèÿ ïåðåäà÷è ñèãíàëîâ (îáðàòèòåñü ê � REF _Ref331519298 \* MERGEFORMAT �Òàáëèöà 7-1�) è ãðàíèöû ñêîðîñòè.(Low speed drivers only send at the low speed data rate using low speed signaling conventions è edge rates.)

Õàðàêòåðèñòèêè Ïðèåìíèêà

Äèôôåðåíöèàëüíûé âõîä ïðèåìíèêà äîëæåí èñïîëüçîâàòüñÿ, ÷òîáû ïðèíÿòü ñèãíàë äàííûõ USB. Ïðèåìíèê äîëæåí èìåòü âõîäíóþ ÷óâñòâèòåëüíîñòü ïî êðàéíåé ìåðå 200 ìÂ, êîãäà îáà äèôôåðåíöèàëüíûõ âõîäà äàííûõ íàõîäÿòñÿ â äèàïàçîíå ïî êðàéíåé ìåðå îò 0.8 Â äî 2.5 Â îòíîñèòåëüíî ëîêàëüíîãî çàçåìëåííîãî ýòàëîíà. ( The receiver must feature an input sensitivity of at least 200 mV when both differential data inputs are in the range of at least 0.8 V to 2.5 V with respect to its local ground reference.) Ýòî íàçûâàåòñÿ îáùèì äèàïàçîíîì íàïðÿæåíèÿ ðåæèìà ââîäà.(This is called the common mode input voltage range.) Ñîîòâåòñòâóþùèé ïðèåì äàííûõ òàêæå òðåáóåòñÿ, êîãäà äèôôåðåíöèàëüíûå ëèíèè äàííûõ íàõîäÿòñÿ âíå îñíîâíîãî äèàïàçîíà ðåæèìà, êàê ïîêàçàíî íà � REF _Ref338045690 \* MERGEFORMAT �Ðèñóíîê 7-4�. (Proper data reception is also required when the differential data lines are outside the common mode range, as shown in � REF _Ref338045690 \* MERGEFORMAT �Ðèñóíîê 7-4�.) Ïðèåìíèê äîëæåí äîïóñòèòü ñòàòè÷åñêèå âõîäíûå íàïðÿæåíèÿ ìåæäó -0.5 Â è 3.8 Â îòíîñèòåëüíî ëîêàëüíîãî çàçåìëåííîãî ýòàëîíà áåç ïîâðåæäåíèÿ.. (The receiver must tolerate static input voltages between �0.5 V to 3.8 V with respect to its local ground reference without damage. Â äîïîëíåíèå ê äèôôåðåíöèàëüíîìó ïðèåìíèêó, äîëæåí èìåòüñÿ ñîáñòâåííûé îäíî-âõîäíîé ïðèåìíèê äëÿ êàæäîé èç äâóõ ëèíèé äàííûõ (In addition to the differential receiver, there must be a single�ended receiver for each of the two data lines.) Ïðèåìíèêè äîëæíû èìåòü ïîðîã ïåðåêëþ÷åíèÿ ìåæäó 0.8 Â è 2.0 Â (âõîäû ÒÒË). Ðåêîìåíäóåòñÿ, ÷òîáû àñèììåòðè÷íûé ïðèåìíèê èìåë íåêîòîðûé ãèñòåðåçèñ, ÷òîáû óìåíüøèòü ÷óâñòâèòåëüíîñòü äî øóìà. (It is recommended that the single-ended receiver have some hysteresis to reduce its sensitivity to noise.)

�

Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �4�. Äèôôåðåíöèàëüíàÿ Âõîäíàÿ ×óâñòâèòåëüíîñòü âî Âñåì Îñíîâíîì Äèàïàçîíå Ðåæèìà (Differential Input Sensitivity Over Entire Common Mode Range)

�Ñîãëàñîâàíèå Ñèãíàëîâ(Signal Termination)

Ñîãëàñîâàíèå êîíöîâ êîíöåíòðàòîðà USB è ôóíêöèè ïîêàçàíî íà � REF _Ref327442781 \* MERGEFORMAT �Ðèñóíêå 7-5� è � REF _Ref327442847 \* MERGEFORMAT �Ðèñóíêå 7-6�. Ïîëíî ñêîðîñòíûå è íèçêî ñêîðîñòíûå óñòðîéñòâà ðàçëè÷àþùèåñÿ ïîçèöèåé ïîäñîåäèíåííîãî ê ïèòàíèþ ðåçèñòîðà íà êîíöå downstream êàáåëÿ.(Full speed è low speed devices are differentiated by the position of the pull-up resistor on the downstream end of the cable.) Ïîëíî ñêîðîñòíûå óñòðîéñòâà ñîãëàñîâàíû êàê ïîêàçàíî íà � REF _Ref327442781 \* MERGEFORMAT �Ðèñóíîê 7-5� ñ ïðèñîåäèíåííîé ê ïèòàíèþ ëèíèåé D +.( Full speed devices are terminated as shown in � REF _Ref327442781 \* MERGEFORMAT �Ðèñóíîê 7-5� with the pull-up on the D+ line) Íèçêî ñêîðîñòíûå óñòðîéñòâà ñîãëàñîâàíû êàê ïîêàçàíî íà � REF _Ref327442847 \* MERGEFORMAT �Ðèñóíîê 7-6� ñ ïðèñîåäèíåííîé ê ïèòàíèþ ëèíèåé D-.  

Ïðèñîåäèíåííûé ê ïèòàíèþ ñîãëàñóþùèé ðåçèñòîð â 1.5 k( (5 % èìååò èñòî÷íèê íàïðÿæåíèÿ ìåæäó 3.0 Â è 3.6 Â, ñâÿçàííûé ñ ëîêàëüíîé çåìëåé. (The pull-up terminator is a 1.5 k( (5% resistor tied to a voltage source between 3.0 V è 3.6 V referenced to the local ground.) Ïðèñîåäèíåííûå ê çåìëå ñîãëàñóþùèå - ðåçèñòîðû 15 k( ( 5 %, ñîåäèíåííûå ñî ñâîåé ëîêàëüíîé çåìëåé.(The pulldown terminators are resistors of 15 k( (5% connected to their local ground.)
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �5�.  Êàáåëü Ïîëíî Ñêîðîñòíîãî Óñòðîéñòâà è Ïîäñîåäèíåíèå Ðåçèñòîðîâ
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �6�. Êàáåëü Íèçêî Ñêîðîñòíîãî Óñòðîéñòâà è Ïîäñîåäèíåíèå Ðåçèñòîðîâ



�Óðîâíè Ïåðåäà÷è Ñèãíàëîâ

� REF _Ref331519298 \* MERGEFORMAT �Òàáëèöà 7-1� ïîäâîäèò èòîã óðîâíåé ïåðåäà÷è ñèãíàëîâ USB. Óðîâíè ïåðåäà÷è ñèãíàëîâ îïèñàíû íèæå â ýòîì ðàçäåëå è â ñëåäóþùèõ ðàçäåëàõ.

Òàáëèöà � STYLEREF 1 \n �7�-� SEQ Table \* ARABIC \r 1 �1�.  Óðîâíè Ïåðåäà÷è Ñèãíàëîâ

Ñîñòîÿíèå øèíû�Óðîâíè Ïåðåäà÷è ñèãíàëîâ���From Originating Driver�Â Ïðèåìíèê��Äèôôåðåíöèàëüíàÿ “1”�(D+) - (D-) (  200 ìÂ è D+ èëè D- ( VSE (min.)��Äèôôåðåíöèàëüíûé “0”�(D+) - (D-) ( -200 ìÂ è D+ èëè D- ( VSE (min.)��Äàííûå J Ñîñòîÿíèå:

Íèçêàÿ ñêîðîñòü

Âûñîêàÿ ñêîðîñòü� 

Äèôôåðåíöèàëüíûé “0”

Äèôôåðåíöèàëüíàÿ “1”��Äàííûå K Ñîñòîÿíèå: 

Íèçêàÿ ñêîðîñòü

Âûñîêàÿ ñêîðîñòü� 

Äèôôåðåíöèàëüíàÿ “1”

Äèôôåðåíöèàëüíûé “0”��Idle Ñîñòîÿíèå:

Íèçêàÿ ñêîðîñòü

Âûñîêàÿ ñêîðîñòü�

Äèôôåðåíöèàëüíûé “0” è D- ( VSE (max.)  è D+ ( VSE (min.)

Äèôôåðåíöèàëüíàÿ “1”  è D+ ( VSE (max.)  è D- ( VSE (min.)��Resume Ñîñòîÿíèå: 

Íèçêàÿ ñêîðîñòü

Âûñîêàÿ ñêîðîñòü�

Äèôôåðåíöèàëüíàÿ “1”  è D+ ( VSE (max.)  è D- ( VSE (min.)

Äèôôåðåíöèàëüíûé “0”  è D- ( VSE (max.)  è D+ ( VSE (min.)��Íà÷àëî ïàêåòà (SOP)�Ëèíèè äàííûõ ïåðåêëþ÷àþòñÿ îò Idle ê K Ñîñòîÿíèþ��Êîíåö ïàêåòà (EOP)�D+ è D- ( VSE (min) â òå÷åíèè 2 âðåìåí ïåðåäà÷è áèòà1 äàëåå ñëåäóåò Idle ñîñòîÿíèå â òå÷åíèè 1 âðåìåí ïåðåäà÷è áèòà�D+ è D- ( VSE(min)  ( 1 âðåìåíè ïåðåäà÷è áèòà2 äàëåå ñëåäóåò J Ñîñòîÿíèå��Ðàçúåäèíåíèå  (Òîëüêî ââåðõ ïî èåðàðõèè)�(íå âàæíî)�D+ è D- ( VSE(max) ( 2.5 (ñ��Ñîåäèíåíèå (Òîëüêî ââåðõ ïî èåðàðõèè)�(íå âàæíî)�D+ èëè  D- ( VSE(max)  ( 2.5 (ñ��Ñáðîñ (Òîëüêî âíèç ïî èåðàðõèè)�D+ è D- ( VSE for (10 ìñ�D+ è D- ( VSE (min) ( 2.5 (ñ�(äîëæåí áûòü ðàñïîçíàí âíóòðè 5.5 (ñ)3��	Ïðèìå÷àíèå 1:  Øèðèíà EOP îïðåäåëåíà âî âðåìåíàõ ïåðåäà÷è áèòà ñâÿçàííûõ ñî ñêîðîñòüþ ïåðåäà÷è.

	Ïðèìå÷àíèå 2:  Øèðèíà EOP îïðåäåëåíà âî âðåìåíàõ ïåðåäà÷è áèòà ñâÿçàííûõ ñ òèïîì óñòðîéñòâà, ïîëó÷àþùåãî EOP.

	Ïðèìå÷àíèå 3:  Ýòè âðåìåíà îòíîñÿòñÿ ê àêòèâíîìó óñòðîéñòâó, êîòîðîå íå â ïîäâåøåííîì ñîñòîÿíèè.

Ñîñòîÿíèÿ äàííûõ J è K  - äâà ëîãè÷åñêèõ óðîâíÿ, èñïîëüçóåìûå äëÿ ïåðåäà÷è äèôôåðåíöèàëüíûõ äàííûå â ñèñòåìå. Äèôôåðåíöèàëüíàÿ ïåðåäà÷à ñèãíàëîâ èçìåðÿåòñÿ îò òî÷êè, ãäå ñòðîêà äàííûõ ñîîáùàåò î ïåðåñå÷åíèè. (Differential signaling is measured from the point where the data line signals cross over.) Äèôôåðåíöèàëüíàÿ ïåðåäà÷à ñèãíàëîâ äàííûõ íå èìåòü îòíîøåíèå ê óðîâíþ, â êîòîðîì íàêëàäûâàþòñÿ ñèãíàëû, ïîêà ýòî ïðîèñõîäèò âíóòðè îñíîâíîãî äèàïàçîíà ðåæèìà.(Differential data signaling is not concerned with the level at which the signals cross, as long as it is within the common mode range.) Êîãäà øèíà íå â äèôôåðåíöèàëüíîì ðåæèìå ïåðåäà÷è ñèãíàëîâ, ëèíèè äàííûõ äîëæíû áûòü âíå VSE ïåðåêëþ÷åíèÿ ïîðîãîâîãî äèàïàçîíà, ÷òîáû áûòü äîïóñòèìûìè, êàê â íåàêòèâíîì òàê è â àêòèâíîì ñîñòîÿíèÿõ.(When the bus is not in the differential signaling mode, the data lines have to be outside the VSE switching threshold range to be valid, as in the idle è resume states.) Ñëåäóåò îáðàòèòü âíèìàíèå, ÷òî îñòàíîâëåííîå è âîçàáíîâëåííîå ñîñòîÿíèÿ ëîãè÷åñêè ýêâèâàëåíòíû ñîîòâåòñòâåííî J è K ñîñòîÿíèÿì. 

� REF _Ref331519298 \* MERGEFORMAT �Òàáëèöà 7-1� ïîêàçûâàåò J è K ñîñòîÿíèÿ äëÿ ïîëíî ñêîðîñòíîãî ðåæèìà èíâåðòèðîâàííîãî èç òàêîãî æå íèçêî ñêîðîñòíîãî ðåæèìà. (� REF _Ref331519298 \* MERGEFORMAT �Òàáëèöà 7-1� shows the J è K states for a full speed to be inverted from those of low speed.)  Çíà÷åíèå äàííûõ, ïðîñòîÿ è âîçîáíîâëåíèÿ ïåðåäà÷è ñèãíàëîâ óñòàíîâëåíî òèïîì óñòðîéñòâà, êîòîðîå ïðèñîåäèíÿåòñÿ ê ïîðòó. Åñëè ïîëíî ñêîðîñòíîå óñòðîéñòâî ïðèñîåäèíåíî ê ïîðòó, òî ñåãìåíò USB ñåòè èñïîëüçóåò ïîëíî ñêîðîñòíûå ñîãëàøåíèÿ ïåðåäà÷è ñèãíàëîâ (è áûñòðî ïîâûøàþòñÿ è ïîíèæàþòñÿ âðåìåíà) (è fast rise è fall times) äàæå åñëè äàííûå, ïîñûëàþòñÿ ïî ëèíèÿì äàííûõ - ñî ñêîðîñòüþ íèçêî ñêîðîñòíîé ïåðåäà÷è äàííûõ. Ñîãëàøåíèÿ íèçêî ñêîðîñòíûõ ïåðåäà÷ ñèãíàëîâ, ïîêàçàííûå â � REF _Ref331519298 \* MERGEFORMAT �Òàáëèöà 7-1� (ïëþñ ìåäëåííîå ïîâûøåíèå è ïîíèæåíèå âðåìåí) èñïîëüçóþòñÿ òîëüêî ìåæäó íèçêî ñêîðîñòíûì óñòðîéñòâîì è ïîðòîì, ê êîòîðîìó îíî ïðèñîåäèíåíî. Ìåòîä îïðåäåëåíèÿ òèïà óñòðîéñòâà, è ñëåäîâàòåëüíî èñïîëüçóåìîå ñîãëàøåíèå ïåðåäà÷è ñèãíàëîâ, îïèñàíû â ñëåäóþùåì ðàçäåëå.

Ïåðåäà÷è Ñèãíàëîâ Ñîåäèíåíèÿ è Ðàçúåäèíåíèÿ (Connect è Disconnect Signaling)

Âñå ïîðòû íà downstream ñòîðîíå õîñòà èëè êîíöåíòðàòîðà èìåþò ïîäñîåäèíåííûå ê çåìëå ðåçèñòîðû íà îáîèõ ëèíèÿõ D+ è D-. (All ports on the downstream side of the host or a hub have pull-down resistors on both the D+ è D- lines.) Âñå óñòðîéñòâà èìåþò ïîäñîåäèíåííûå ê ïèòàíèþ ðåçèñòîð íà îäíîé èç ëèíèé äàííûõ ñâîåãî upstream ïîðòà. Òèï óñòðîéñòâà îïðåäåëÿåòñÿ ïî íàëè÷èþ ñâÿçàííîãî ñ çåìëåé ðåçèñòîðà íà ëèíèè äàííûõ .(The type of device determines which data line has the pull-up resistor.)  Ïîëíî ñêîðîñòíûå óñòðîéñòâà èìåþò ïîäñîåäèíåííûå ê ïèòàíèþ íà ëèíèè D + (ñì. � REF _Ref327442781 \* MERGEFORMAT �Ðèñóíîê 7-5�) è íèçêî ñêîðîñòíûå óñòðîéñòâà èìåþò ïîäñîåäèíåííûå ê ïèòàíèþ íà ëèíèè D- (ñì. � REF _Ref327442847 \* MERGEFORMAT �Ðèñóíîê 7-6�). Êîãäà óñòðîéñòâî ïðèñîåäèíåíî ê êîíöåíòðàòîðó èëè õîñòó, íî ëèíèè äàííûõ íå óïðàâëÿþòñÿ, ýòè ðåçèñòîðû ñîçäàþò ñòàòè÷åñêîå óñëîâèå ñìåùåíèÿ íà ëèíèÿõ òàê, ÷òî íà ëèíèè äàííûõ ïðèñîåäèíåííîé ê ïèòàíèþ áóäåò áîëåå ÷åì 2.8 Â, à äðóãàÿ ëèíèÿ äàííûõ - áëèçêà ê íóëþ. (When a device is attached to hub or host but the data lines are not being driven, these resistors create a quiescent bias condition on the lines such that the data line with the pull-up is above 2.8 V è the other data line is near ground.)  Ýòî íàçûâàåòñÿ íåàêòèâíûì ñîñòîÿíèåì.

Êîãäà íåò ôóíêöèè ïðèñîåäèíåííîé ê downstream ïîðòó õîñòà èëè ê êîíöåíòðàòîðà, èëè ïðèñîåäèíåííûé ê ïèòàíèþ ðåçèñòîð íà ïðèñîåäèíåííîì óñòðîéñòâå íå âêëþ÷åí, ïðèñîåäèíåííûå ê çåìëå ðåçèñòîðû çàñòàâÿò D + è D- òÿíóòü íèæå àñèììåòðè÷íîãî íèçêîãî ïîðîãà ïîðòà õîñòà èëè êîíöåíòðàòîðà. (When no function is attached to the downstream port of the host or hub or the pull-up resistor on an attached device is not powered, the pull-down resistors will cause both D+ è D- to be pulled below the single-ended low threshold of the host or hub port.) Ýòî ñîçäàåò ñîñòîÿíèå íàçûâàåìîå àñèììåòðè÷íûì íóëåì (SE0) íà downstream ïîðòå. Óñëîâèå ðàçúåäèíåíèÿ ôèêñèðóåòñÿ(indicated), åñëè SE0 ñîõðàíÿåòñÿ íà downstream ïîðòå áîëüøå ÷åì 2.5(s (30 âðåìåí ïîëíî ñêîðîñòíûõ ïåðåäà÷ áèòà). Ñëåäóåò çàìåòèòü, ÷òî ïåðåäà÷à ñèãíàëà ðàçúåäèíåíèÿ, ïðèìåíÿåòñÿ òîëüêî â íàïðàâëåíèè ââåðõ ïî èåðàðõèè (ñì. � REF _Ref327506360 \* MERGEFORMAT �Ðèñóíîê 7-7�).

Óñëîâèå ñîåäèíåíèÿ áóäåò îáíàðóæåíî, êîãäà óñòðîéñòâî ñîåäèíåíî ñ õîñòîì, èëè ïîðòîì êîíöåíòðàòîðà, è îäíà èç ëèíèé äàííûõ íàõîäèòñÿ âûøå àñèììåòðè÷íîãî âûñîêîãî ïîðîãîâîãî óðîâíÿ áîëåå ÷åì 2.5(s (30 âðåìåí ïîëíî ñêîðîñòíûõ ïåðåäà÷ áèò äàííûõ ). (A connect condition will be detected when a device is connected to the host or hub’s port, è one of the data lines is pulled above the single-ended high threshold level for more than 2.5 (s (30 full speed data bit times).) Ëèíèÿ äàííûõ, êîòîðàÿ ÿâëÿåòñÿ âûñîêîé, êîãäà èçìåíÿåòñÿ ñîñòîÿíèå ïîðòà îò ðàçúåäèíåííîãî äî ñîåäèíåííîãî óñòàíàâëèâàåòñÿ â îñòàíîâëåííîå ñîñòîÿíèå äëÿ ýòîãî ñåãìåíòà øèíû è îïðåäåëÿåòñÿ, ÿâëÿåòñÿ ëè ïîäñîåäèíåííîå óñòðîéñòâî ïîëíî ñêîðîñòíûì óñòðîéñòâîì èëè íèçêî ñêîðîñòíûì óñòðîéñòâîì.( The data line that is high when the port state changes from disconnected to connected sets the idle state for this bus segment è determines whether the connected device is a full speed device or a low speed device.) Âñå óðîâíè ïåðåäà÷è ñèãíàëîâ, äàííûå â � REF _Ref331519298 \* MERGEFORMAT �Òàáëèöà 7-1� óñòàíîâëåíû äëÿ ýòîãî ñåòåâîãî ñåãìåíòà (è ýòîò ñåãìåíò åäèíñòâåííûé) åñëè òîëüêî îïðåäåëåíî îñòàíîâëåííîå ñîñòîÿíèå.(All signaling levels given in � REF _Ref331519298 \* MERGEFORMAT �Òàáëèöà 7-1� are set for this network segment (and this segment alone) once the idle state is determined.) � REF _Ref327506133 \* MERGEFORMAT �Ðèñóíîê 7-8� ïîêàçûâàåò ïîñëåäîâàòåëüíîñòü ñîåäèíåíèÿ ïîëíî ñêîðîñòíîãî óñòðîéñòâà, è � REF _Ref327506147 \* MERGEFORMAT �Ðèñóíîê 7-9� ïîêàçûâàåò ïîñëåäîâàòåëüíîñòü ñîåäèíåíèÿ íèçêî ñêîðîñòíîãî óñòðîéñòâà.

Âñå ïîðòû êîíöåíòðàòîðà èçíà÷àëüíî íàõîäÿòñÿ â ðàçúåäèíåííîì ñîñòîÿíèè ïîñëå òîãî, êàê ïîäàíà ìîùíîñòü íà ýòîò ïîðò. Åñëè óñòðîéñòâî ñîåäèíåíî ñ ïîðòîì, ïîðò ïðîõîäèò ïîñëåäîâàòåëüíîñòü ñîåäèíåíèÿ, îïèñàííóþ âûøå, ÷òîáû îáíàðóæèòü òèï óñòðîéñòâà è óñòàíîâèòü õàðàêòåðèñòèêè ïåðåäà÷è ñèãíàëîâ ïîðòà (îáðàòèòåñü ê Ðàçäåëó 11.2.3).
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �9�.  Îáíàðóæåíèå Ñîåäèíåíèÿ Íèçêî Ñêîðîñòíîãî Óñòðîéñòâà

Ïåðåäà÷à Ñèãíàëîâ Äàííûõ 

Äàííûå âíóòðè ïàêåòà ïåðåäàþòñÿ äèôôåðåíöèàëüíûìè ñèãíàëàìè. (Data transmission within a packet is done with differential signals.) Ïðèåìíèê âèäèò äèôôåðåíöèàëüíóþ 1 åñëè íà øèíå D+ ïî êðàéíåé ìåðå íà 200 mV áîëüøå ÷åì íà D- , è âèäèò äèôôåðåíöèàëüíûé 0 åñëè íà D-, ïî êðàéíåé ìåðå íà 200 mV áîëüøå ÷åì íà D +.(A differential 1 on the bus is represented by D+ being at least 200 mV more positive than D- as seen at the receiver, and a differential 0 is represented by D- being at least 200 mV more positive than D+ as seen at the receiver.) Òî÷êà ïåðåñå÷åíèå ñèãíàëà äîëæíà áûòü ìåæäó 1.3 Â è 2.0 Â. (The signal cross over point must be between 1.3 V and 2.0 V.)

Íà÷àëî ïàêåòà (SOP) ñîîáùàåò î ïîÿâëåíèè ïîðòà, ïåðåâîäÿ ëèíèè D+ è D- îò íåàêòèâíîãî ñîñòîÿíèÿ ê ïðîòèâîïîëîæíîìó ëîãè÷åñêîìó óðîâíþ (K ñîñòîÿíèå).(The start of a packet (SOP) is signaled by the originating port by driving the D+ and D- lines from the idle state to the opposite logic level) Ýòîò ïåðåïàä óðîâíÿ ïðåäñòàâëÿåò ïåðâûé áèò ïîëÿ Sync. (This switch in levels represents the first bit of the Sync field.) Êîíöåíòðàòîðû äîëæíû îãðàíè÷èòü èñêàæåíèå øèðèíû ïåðâîãî áèòà ïîñëå SOP, êîãäà îí ïîâòîðíî ïåðåäàåòñÿ ìåíüøå ÷åì ÷åðåç 5 íñ.(Hubs must limit the distortion of the width of the first bit after SOP when it is retransmitted to less than 5 ns.) Èñêàæåíèå ìîæåò áûòü ìèíèìèçèðîâàíî ñîãëàñîâàíèåì, íîìèíàëüíîé çàäåðæêè äàííûõ ÷åðåç êîíöåíòðàòîð ñ âîçìîæíîñòü çàäåðæêè íà âûõîäå êîíöåíòðàòîðà.( Distortion can be minimized by matching the nominal data delay through the hub with the output enable delay of the hub.)

Ñîñòîÿíèå àñèììåòðè÷íîãî 0 èñïîëüçóåòñÿ, ÷òîáû ñîîáùèòü î êîíöå ïàêåòà (EOP). Ñîñòîÿíèÿ àñèììåòðè÷íîãî 0 ôèêñèðóåòñÿ(indicated) ïðè íàõîæäåíèè D + è  D- íèæå 0.8 Â. EOP áóäåò ñîîáùåí, ïåðåâîäîì D+ è D- â ñîñòîÿíèå àñèììåòðè÷íîãî 0 â òå÷åíèå äâóõ âðåìåí ïåðåäà÷è áèòà, ÷òî ñîïðîâîæäàåòñÿ, ïåðåâîäîì ëèíèè â îñòàíîâëåííîå ñîñòîÿíèå â òå÷åíèå îäíîãî âðåìåíè ïåðåäà÷è áèòà. (EOP will be signaled by driving D+ and D- to the single-ended 0 state for two bit times followed by driving the lines to the idle state for one bit time.) Ïåðåõîä îò àñèììåòðè÷íîãî 0 ê íåàêòèâíîìó ñîñòîÿíèþ îïðåäåëÿåò êîíåö ïàêåòà. Îñòàíîâëåííîå ñîñòîÿíèå óäåðæèâàåòñÿ â òå÷åíèå 1 âðåìåíè ïåðåäà÷è áèòà, çàòåì, è D+ è D- âûõîäíûå äðàéâåðà (outputs drivers)  ïåðåâîäÿòñÿ â  ñîñòîÿíèå âûñîêîãî èìïåäàíñ. Ñîãëàñóþùèå ðåçèñòîðû øèíû óäåðæèâàþò øèíó â íåàêòèâíîì ñîñòîÿíèè.  � REF _Ref311945990 \* MERGEFORMAT �Ðèñóíîê 7-10� ïîêàçûâàåò ïåðåäà÷ó ñèãíàëîâ äëÿ íà÷àëà è êîíöà ïàêåòà.(shows the signaling for start and end of a packet.)
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �10�.  Óðîâíè Íàïðÿæåíèÿ Ïàêåòà Òðàíçàêöèè

Ïåðåäà÷à Ñèãíàëà Ñáðîñ (Reset Signaling)

Ñáðîñ ñîîáùàåòñÿ âíèç ïî èåðàðõèè ïî ïîðòàì êîíöåíòðàòîðà íà øèíó ïðèñóòñòâèåì ðàñøèðåííîãî SE0 â upstream ïîðòå óñòðîéñòâà.(A reset is signaled downstream from a hub port on the bus by the presence of an extended SE0 at the upstream port of a device.) Ïîñëå ñíÿòèÿ ñáðîñà, óñòðîéñòâî áóäåò â ïðèñîåäèíåííîì, íî åùå íå â àäðåñîâàííîì èëè ñêîíôèãóðèðîâàííîì ñîñòîÿíèå (îáðàòèòåñü ê Ðàçäåëó 9.1). Ñëåäóåò îáðàòèòå âíèìàíèå, ÷òî ïåðåäà÷à ñèãíàëîâ ñáðîñ, ïðèìåíÿåò òîëüêî â íàïðàâëåíèè âíèç ïî èåðàðõèè.

Ñèãíàë ñáðîñà ìîæåò áûòü ñãåíåðèðîâàí êîìàíäîé õîñòà â ëþáîì êîíöåíòðàòîðå èëè ïîðòå õîñò êîíòðîëëåðà. (The reset signal can be generated by host command on any hub or host controller port.) Ñèãíàë ñáðîñà äîëæåí áûòü ñãåíåðèðîâàí ìèíèìóì 10 ìñ. Ïîðò, êîòîðûé ãåíåðèðîâàë ñáðîñ, ïîøëåò â êîíöå ñáðîñà ñîñòîÿíèå ëîãè÷åñêîãî ðàçúåäèíåíèÿ.(The port that generated the reset will be sent to the logically disconnected state at the end of the reset.) Åñëè óñòðîéñòâî ñîåäèíåíî ñ ïîðòîì, ïî íàëè÷èþ ïðèñîåäèíåííîãî ê ïèòàíèþ øèíû ðåçèñòîðà áóäåò îïðåäåëåí òèï óñòðîéñòâà (íèçêî èëè ïîëíî ñêîðîñòíîå) è â êîíöå ïîðò áóäåò íàõîäèòüñÿ â çàáëîêèðîâàííîå ñîñòîÿíèè (îáðàòèòåñü ê Ðàçäåëó 11.2.3).(If a device is connected to the port, the bus pull-up resistor will determine the device type (low or full speed) and the port will end up in the disabled state).

Àêòèâíîå óñòðîéñòâî (âêëþ÷åííîå è íå â ïîäâåøåííîì ñîñòîÿíèè) íàáëþäàåò çà àñèììåòðè÷íûì íóëåì íà upstream ïîðòå áîëåå ÷åì 2.5(s è ìîæåò îáðàáàòûâàòü ýòîò ñèãíàë êàê ñáðîñ, íî íåîáõîäèìî  èíòåðïðåòèðîâàòü ïåðåäà÷ó ñèãíàëîâ êàê ñáðîñ âíóòðè 5.5(s. (An active device (powered and not in the suspend state) seeing a single-ended zero on its upstream port for more than 2.5 (s may treat that signal as a reset, but must have interpreted the signaling as a reset within 5.5 (s.) Óñòðîéñòâî, êîòîðîå ðàñïîçíàåò ñáðîñ èç SE0 ìåæäó 32 è 64 âðåìåíàìè ïîëíî ñêîðîñòíîé ïåðåäà÷è áèòà èëè ìåæäó 4 è 8 âðåìåíàìè íèçêî ñêîðîñòíîé ïåðåäà÷è áèòà, óäîâëåòâîðÿåò ýòèì òðåáîâàíèÿì. Ñèãíàë ñáðîñà ðàñïðîñòðàíÿåòñÿ ÷åðåç âñå ðàáîòàþùèå downstream ïîðòû ëþáûõ êîíöåíòðàòîðîâ ê ïîðòó ïåðåäà÷è ñèãíàëîâ, íî íå ðàñïðîñòðàíÿåòñÿ ÷åðåç íå ðàáîòàþùèå ïîðòû. (The reset signal propagates through all enabled ports of any hubs downstream of the signaling port, but does not propagate through any ports that are disabled.) Ïîäêëþ÷åííûé ê øèíå êîíöåíòðàòîð, êîòîðûé ïîëó÷àåò ñáðîñ ïî êîðíåâîìó ïîðòó, óáèðàåò ìîùíîñòü ñî âñåõ downstream ïîðòîâ. Ïîñëå òîãî, êàê ñáðîñ óäàëåí, âñå óñòðîéñòâà, êîòîðûå ïîëó÷èëè ñáðîñ,  óñòàíàâëèâàþòñÿ ê ñâîèì çàäàííûì ïî óìîë÷àíèþ àäðåñàì USB è íàõîäÿòñÿ â íåêîíôèãóðèðîâàííîì ñîñòîÿíèè. Âñå ïîðòû íà ïîëó÷èâøåì ñáðîñ êîíöåíòðàòîðå â íå ðàáî÷åì ñîñòîÿíèè.

Êîíöåíòðàòîðû äîëæíû áûòü ñïîñîáíû óñòàíîâèòü ñâÿçü, è âñå óñòðîéñòâà äîëæíû áûòü ñïîñîáíû ïðèíÿòü àäðåñ óñòðîéñòâà ÷åðåç êîìàíäó SET_ADDRESS (îáðàòèòåñü ê Ðàçäåëó 9.4) íå ïîçæå ÷åì ÷åðåç 10 ìñ ïîñëå òîãî, êàê áûë óäàëåí ñáðîñ.(Hubs must be able to establish connectivity, and all devices must be able to accept device address via a SET_ADDRESS command no later than 10 ms after the reset is removed.) Îòêàç óñòàíàâëèâàòü ñâÿçü èëè ïðèíèìàòü àäðåñ, ìîæåò ñòàòü ïðè÷èíîé òîãî ÷òî óñòðîéñòâî áóäåò íå ðàñïîçíàíî íîðìèðîâùèêîì USB(Failure to establish connectivity or accept an address may cause the device not to be recognized by the USB enumerator.) Â ñëó÷àå êîíöåíòðàòîðà, ýòî ìîæåò òàêæå ñòàòü ïðè÷èíîé òîãî, ÷òî âñå óñòðîéñòâà, ñîåäèíåííûå ñ ýòèì êîíöåíòðàòîðîì áóäóò íå ðàñïîçíàíû. Âñåì îñòàëüíûì çàïðîñàì äàííûõ èëè îáñëóæèâàíèÿ, çà èñêëþ÷åíèåì ïàêåòîâ Óñòàíîâêè(Setup) (îáðàòèòåñü ê Ðàçäåëó 8.4.5.4), ìîãóò ïîñûëàòüñÿ NAK ñ ïåðèîäîì  5.0 ñåêóíä ïîñëå, ÷åãî óñòðîéñòâî îáúÿâëÿåòñÿ äåôåêòíûì è íå ðàñïîçíàííûì. (All other requests for data or service, except SETUP packets, can be NAKed for a period up to 5.0 seconds after which the device is declared defective and is not recognized.)

Ñáðîñ ìîæåò âûâîäèòü óñòðîéñòâî èç ïîäâåøåííîãî ðåæèìà. Ðåêîìåíäóåòñÿ, ÷òîáû óñòðîéñòâî îæèäàëî èìïóëüñû, ÷òîáû ñòàáèëèçèðîâàòüñÿ ïåðåä ïðèíÿòèåì ñáðîñà, ÷òîáû èçáåæàòü ëîæíûõ ñîáûòèé àñèììåòðè÷íîãî íóëÿ îò ïîðîæäàþùåãî ñáðîñ óñòðîéñòâà.(It is recommended that the device wait for its clocks to stabilize before accepting the reset to avoid spurious single-ended zero events from causing the device to reset.) Óñòðîéñòâî ìîæåò âûõîäèòü èç ïîäâåøåííîãî ñîñòîÿíèÿ â òå÷åíèè 10 ìñ.

Ïîäâåøåííîå ñîñòîÿíèå

Âñå óñòðîéñòâà äîëæíû ïîääåðæèâàòü ïîäâåøåííûé ðåæèì. Óñòðîéñòâà ìîãóò âîéòè â ïîäâåøåííûé ðåæèì èç ëþáîãî ðàáî÷åãî(powered) ñîñòîÿíèÿ. Îíè ïåðåõîäÿò â ïîäâåøåííîå ñîñòîÿíèå, êîãäà âèäÿò íå ìåíÿþùååñÿ îñòàíîâëåííîå ñîñòîÿíèå íà ñâîèõ ëèíèÿõ øèíû áîëåå ÷åì 3.0 ìñ.(They go into the suspend state when they see a constant idle state on their bus lines for more than 3.0 ms.) Ïðè ëþáîì äåéñòâèè øèíû áóäåò ñîõðàíÿòüñÿ ïîäâåøåííîå ñîñòîÿíèå  óñòðîéñòâà.(Any bus activity will keep a device out of the suspend state.) Ïàêåò SOF(îáðàòèòåñü ê Ðàçäåëó   8.4.2) ãàðàíòèðóåò, ÷òî êàê òîëüêî âñòðåòèòñÿ êàäð, ïîëíî ñêîðîñòíûå óñòðîéñòâà áóäóò âûâåäåíû èç ðåæèìà õðàíåíèÿ, â òå÷åíèå íîðìàëüíîé îïåðàöèè øèíû.(The SOF packet (refer to Section 8.4.2) is guaranteed to occur once a frame to keep full speed devices awake during normal bus operation.) Êîíöåíòðàòîðû, êîòîðûå íàõîäÿòñÿ íå â ïîäâåøåííîì ñîñòîÿíèè, âûâîäÿò  íèçêî ñêîðîñòíûå óñòðîéñòâà èç ðåæèìà õðàíåíèÿ, ãåíåðèðóÿ íèçêî ñêîðîñòíîé EOP íà ðàáîòàþùèõ ïîðòàõ, ê êîòîðûì ïðèñîåäèíåíû íèçêî ñêîðîñòíûå óñòðîéñòâà (îáðàòèòåñü ê Ðàçäåëó 11.2.5.1).(Hubs that are not in the suspend state keep low speed devices awake by generating a low speed EOP on enabled ports that are attached to low speed devices (refer to Section 11.2.5.1). Êîãäà óñòðîéñòâî íàõîäèòñÿ â ïîäâåøåííîì ñîñòîÿíèè, îíî ïîòðåáëÿåò ìåíåå 500  (A îò øèíû. Äàæå ïðè òîì, ÷òî ïîäâåøåííûå óñòðîéñòâà ïîòðåáëÿþò áîëåå 500  (A îò øèíû, ïîðòû êîíöåíòðàòîðà äîëæíû áûòü ñïîñîáíû îáåñïå÷èòü óñòàíîâëåíèå òåêóùåãî ìàêñèìóìà íà óñòðîéñòâå ëåæàùåì íèæå â èåðàðõèè, êîãäà êîíöåíòðàòîð íàõîäèòñÿ â ïîäâåøåííîì ñîñòîÿíèè .(Even though suspended devices draw at most 500 (A from the bus, hub ports must be able to supply their maximum rated current to the downstream devices when the hub is in the suspended state.)  Íåîáõîäèìî ïîääåðæèâàòü óäàëåííîå ïðîáóæäåíèå êàê îïèñàíî â Ðàçäåëå 7.2.3.

Âñå óñòðîéñòâà ìîãóò áûòü âûâåäåíû èç ïîäâåøåííîãî ñîñòîÿíèÿ,  ïåðåêëþ÷àÿ ñîñòîÿíèå øèíû ê âîçîáíîâëåííîìó ñîñòîÿíèþ, íîðìàëüíûì äåéñòâèåì øèíû, èëè ïåðåäà÷åé ñèãíàëà ñáðîñ. Íåêîòîðûå óñòðîéñòâà èìåþò ñïîñîáíîñòü, ïîçâîëÿþùóþ èõ âûâîäèòü èç ýòîãî ñîñòîÿíèÿ ñ ïîìîùüþ äåéñòâèé, ñâÿçàííûõ ñ èõ âíóòðåííèìè ôóíêöèÿìè è çàòåì ïåðåäàâàòü ñèãíàëû íà ñâîè upstream êîííåêòîðû òàêèì îáðàçîì ïðîáóæäàÿ èëè ïðåäóïðåæäàÿ îñòàëüíóþ ÷àñòü ñèñòåìû. Ýòà âîçìîæíîñòü íàçûâàåòñÿ óäàëåííûì ïðîáóæäåíèåì è îïèñàíà â Ðàçäåëå 7.1.4.5.

Ãëîáàëüíîå  Ïîäâåøèâàíèå

Ãëîáàëüíîå ïîäâåøèâàíèå èñïîëüçóåòñÿ, êîãäà íå òðåáóåòñÿ íèêàêîé ñâÿçè ãäå-ëèáî íà øèíå, è öåëàÿ ñåòü ïîìåùàåòñÿ â ïîäâåøåííîå ñîñòîÿíèå. Õîñò ñîîáùàåò î íà÷àëå ïîäâåøèâàíèÿ, ïðåêðàùàÿ âñå ïåðåäà÷è (âêëþ÷àÿ SOF ìàðêåð). Ïîñêîëüêó êàæäîå óñòðîéñòâî íà øèíå ðàñïîçíàåò îòñóòñòâèå àêòèâíîñòè, è ÷òî øèíà íàõîäèòñÿ â îñòàíîâëåííîì ñîñòîÿíèè â òå÷åíèå ñîîòâåòñòâóþùåãî îòðåçêà âðåìåíè, îíî ïåðåõîäèò â ïîäâåøåííîå ñîñòîÿíèå. Ïîñêîëüêó êîíöåíòðàòîðû âõîäÿò â ñîñòîÿíèå îæèäàíèÿ, îíè ïðåêðàùàþò ïîñûëàòü íèçêî ñêîðîñòíîé EOP íà ëþáûå downstream ïîðòû ñêîíôèãóðèðîâàííûå äëÿ íèçêî ñêîðîñòíûõ óñòðîéñòâ.

Âûáîðî÷íîå Ïîäâåøèâàíèå

Ïðîãðàììíîå îáåñïå÷åíèå ñèñòåìû ìîæåò çàõîòåòü ñîõðàíèòü ìîùíîñòü,  ïðèîñòàíàâëèâàÿ òîëüêî íåêîòîðûå ñåãìåíòû òîïîëîãèè, ïðè ïðîäîëæåíèè ðåãóëÿðíûõ îïåðàöèé íà îñòàþùèõñÿ ñåãìåíòàõ. Ñåãìåíòû ñåòè ìîãóò áûòü âûáîðî÷íî ïîìåùåíû â ïîäâåøåííîå ñîñòîÿíèå,  ïîäâåøèâàÿ ïîðò êîíöåíòðàòîðà, ê êîòîðîìó ýòîò ñåãìåíò ïðèñîåäèíåí. Ïîäâåøåííûé ïîðò áëîêèðóåò äåéñòâèå ê ýòîìó ñåãìåíòó øèíû, è ïðèñîåäèíåííûå óñòðîéñòâà ïåðåéäóò â ïîäâåøåííîå ñîñòîÿíèå ïîñëå ñîîòâåòñòâóþùåé çàäåðæêè êàê îïèñàíî âûøå.  

Ëþáîå óñòðîéñòâî íå-êîíöåíòðàòîð ìîæåò áûòü ïðèîñòàíîâëåíî òàêèì îáðàçîì. Ëþáîé êîíöåíòðàòîð, íå âõîäÿùèé â ãðóïïó îñòàþùèõñÿ óñòðîéñòâ ñîåäèíÿþùèõñÿ ñ õîñòîì òàêæå ìîæåò áûòü ïðèîñòàíîâëåí, îòêëþ÷åíèåì ïîðòà, ê êîòîðîìó îí ïðèñîåäèíåí. Óñòðîéñòâà, êîòîðûå âûáîðî÷íî ïðèîñòàíîâëåíû, ìîãóò âñå åùå ïðåäóïðåäèòü ñèñòåìó ïåðåäà÷åé ñèãíàëîâ óäàëåííîãî ïðîáóæäåíèÿ, õîòÿ ïðîöåññ íåìíîãî ðàçëè÷åí. Îïèñàíèå ïîäâåøåííîãî ñîñòîÿíèÿ ïîðòà ìîæåò áûòü íàéäåíî â Ðàçäåëå 11.2.3, è âûáîðî÷íîå ïîäâåøèâàíèå îïèñàíî äàëåå â Ðàçäåëå 11.5.2.

Âîçîáíîâëåíèå

Îïåðàöèÿ  âîçîáíîâëåíèÿ ìîæåò áûòü îñóùåñòâëåíà, òîëüêî åñëè óñòðîéñòâî íàõîäÿùååñÿ â ïîäâåøåííîì ñîñòîÿíèè, ïîëó÷àåò íå-îñòàíàâëèâàþùèé(non-idle) ñèãíàëà ïî øèíå, èëè îíî ìîæåò ñîîáùèòü ñèñòåìå î âîçîáíîâëåííîé îïåðàöèè, åñëè îíî èìååò âîçìîæíîñòü óäàëåííîãî ïðîáóæäåíèÿ. Ïåðåäà÷à ñèãíàëà âîçîáíîâëåííîãî ñîñòîÿíèÿ, èñïîëüçóåòñÿ õîñòîì èëè óñòðîéñòâîì ñ óäàëåííûì ïðîáóæäåíèåì, ÷òîáû ðàçáóäèòü ñèñòåìó. Êîíöåíòðàòîðû èãðàþò âàæíóþ ðîëü â ðàñïðîñòðàíåíèè è ïîðîæäåíèè ïåðåäà÷è ñèãíàëîâ âîçîáíîâëåíèÿ. Äàëåå îïèñûâàåòñÿ èåðàðõè÷åñêàÿ ñòðóêòóðà îáùåé ãëîáàëüíîé ïîñëåäîâàòåëüíîñòè âîçîáíîâëåíèÿ. Ïîëíîå îïèñàíèå ïîñëåäîâàòåëüíîñòè âîçîáíîâëåíèÿ, ñïåöèàëüíûå ñëó÷àè, âûçâàííûå âûáîðî÷íûì ïîäâåøèâàíèåì, è ðîëü êîíöåíòðàòîðà ïðèâåäåíû â Ðàçäåëå 11.5.

Õîñò ìîæåò ñîîáùèòü î âîçîáíîâëåíèè â ëþáîå âðåìÿ ïîñëå òîãî, êàê îí ïåðåâåë øèíó â ïîäâåøåííûé ðåæèì. Îí äîëæåí ïîñëàòü ñèãíàë âîçîáíîâëåíèÿ ïî êðàéíåé ìåðå çà 20 ìñ è çàòåì çàêîí÷èòü ïåðåäà÷ó ñèãíàëà âîçîáíîâëåíèÿ ñòàíäàðòíûì íèçêî ñêîðîñòíûì EOP (äâà íèçêî ñêîðîñòíûõ âðåìåíè ïåðåäà÷è áèòà SE0, ñîïðîâîæäàåìûõ ïåðåõîäîì ê îñòàíîâëåííîìó ñîñòîÿíèþ).(two low speed bit times of SE0 followed by a transition to the idle state). 20 ìñ ïåðåäà÷à ñèãíàëà âîçîáíîâëåíèÿ îáåñïå÷èâàåò, ïðîáóæäåíèå âñåõ óñòðîéñòâà â ñåòè, êîòîðûå ìîãóò âèäåòü ñèãíàë âîçîáíîâëåíèÿ. EOP ðàçðóøèò ñâÿçü, óñòàíîâëåííóþ ïåðåäà÷åé ñèãíàëà âîçîáíîâëåíèÿ è ïîäãîòîâèò êîíöåíòðàòîðû ê íîðìàëüíîé îïåðàöèè. Ïîñëå âîçîáíîâëåíèÿ øèíû, õîñò äîëæåí íà÷àòü ïîñûëàòü òðàôèê ïî øèíå (ïî êðàéíåé ìåðå SOF ìàðêåð) âíóòðè 3 ìñ, ÷òîáû óäåðæàòü ñèñòåìó îò âîçâðàùåíèÿ â ïîäâåøåííîå ñîñòîÿíèå.

Óñòðîéñòâî ñ âîçìîæíîñòüþ óäàëåííîãî ïðîáóæäåíèÿ äîëæíî æäàòü ïî êðàéíåé ìåðå 5 ìñ, ïîñëå òîãî êàê øèíà ïåðåøëà â îñòàíîâëåííîå ñîñòîÿíèè, ïåðåä ïîñûëêîé ñèãíàëà óäàëåííîãî ïðîáóæäåíèÿ äëÿ âîçîáíîâëåíèÿ. Ýòî ïîçâîëÿåò êîíöåíòðàòîðàì ïåðåéòè â ïîäâåøåííîå ñîñòîÿíèå è ïîäãîòîâèòüñÿ ê ðàñïðîñòðàíåíèþ ïåðåäà÷è ñèãíàëîâ âîçîáíîâëåíèÿ.(This allows the hubs to get into their suspend state and prepare for propagating resume signaling.) Ïðîáóæäåíèå óäàëåííîãî óñòðîéñòâà äîëæíî ïðîäåðæàòü ïåðåäà÷ó ñèãíàëîâ  âîçîáíîâëåíèÿ ïî êðàéíåé ìåðå 10 ìñ è íå áîëåå, ÷åì 15 ìñ. Â êîíöå ïåðåäà÷è ñèãíàëîâ âîçîáíîâëåíèÿ, óñòðîéñòâî ïåðåâîäèò ëèíèè äàííûõ â ñîñòîÿíèå âûñîêîãî èìïåäàíñà.  

Upstream êîíöåíòðàòîð ïðîáóäèâøåãîñÿ óäàëåííîãî óñòðîéñòâà ðàñïðîñòðàíèò ñèãíàë âîçîáíîâëåíèÿ ê êîðíåâîìó ïîðòó è âñåì ðàáîòàþùèì downstream ïîðòàì, âêëþ÷àÿ ïîðò, êîòîðûé ïåðâîíà÷àëüíî ñîîáùèë î âîçîáíîâëåíèè. Êîíöåíòðàòîð äîëæåí íà÷àòü ýòó ïåðåïåðåäà÷ó ñèãíàëà âîçîáíîâëåíèÿ íå ïîçäíåå 50 (s ïîñëå ïîëó÷åíèÿ îðèãèíàëà âîçîáíîâëåíèÿ.(The hub must begin this rebroadcast of the resume signaling within 50 (s of receiving the original resume.) Ñèãíàë âîçîáíîâëåíèÿ áóäåò ðàñïðîñòðàíåí ýòèì ñïîñîáîì ââåðõ ïî èåðàðõèè, ïîêà íå äîñòèãíåò õîñòà (èëè ïîäâåøåííîãî ïîðòà êîíöåíòðàòîðà - îáðàòèòåñü ê Ðàçäåëó 11.5.2.1) êîòîðûé îòðàçèò âîçîáíîâëåíèå âíèç ïî èåðàðõèè ê äîñòóïíûì ïîðòàì, êàê â ëþáîì äðóãîì êîíöåíòðàòîðå (The resume signal will propagate in this manner upstream until it reaches the host  which will reflect the resume downstream on its enabled ports, as in any other hub.) Òåì âðåìåíåì, êîíöåíòðàòîðû, êîòîðûå ïåðåäàëè âîçîáíîâëåíèå íà õîñò, ïðîáóæäàþòñÿ â òå÷åíèè 10 ìñ. Ïîñëå çàäåðæêè â 1 ìñ, îíè èçìåíÿþò íàïðàâëåíèå ïåðåäà÷è â ñâîåì êîðíåâîì ïîðòå îò ââåðõ ïî èåðàðõèè ê âíèç ïî èåðàðõèè è îòðàæàþò ñîñòîÿíèå ñèãíàëà íà êîðíåâîì ïîðòå íà ñâîè ðàáîòàþùèå downstream ïîðòû. (After a 1 ms delay, they reverse the direction of connectivity in their root port from upstream to downstream and reflect the signal state on the root port onto their enabled downstream ports.) Ýòî ïðåäîñòàâëÿåò õîñòó âîçìîæíîñòü óïðàâëÿòü ïåðåäà÷åé ñèãíàëà âîçîáíîâëåíèÿ, êîòîðàÿ çàòåì ïðîäîëæàåò êàê îïèñàíî âûøå.

Ñîåäèíåíèå è ðàçúåäèíåíèå ïîðòà, ìîæåò òàêæå çàñòàâëÿòü äåéñòâóþùèé êîíöåíòðàòîð ïîñûëàòü ñèãíàë âîçîáíîâëåíèÿ è ïðîáóäèòü ñèñòåìó.  Îáðàòèòåñü ê Ðàçäåëó 11.5 äëÿ áîëüøåå äåòàëüíîãî îçíàêîìëåíèÿ.

(Ñëåäóåò îáðàòèòü âíèìàíèå, ÷òî õîñò ìîæåò ïðîáóäèòü âñþ øèíó,  ñáðîñîì.  Ïðè ýòîì òðåáóåòñÿ, ÷òîáû âñÿ øèíà áûëà çàíîâî ïåðåíóìåðîâàíà è ðåêîíôèãóðèðîâàíà.)

Îáðàòèòåñü ê Ðàçäåëó 7.2.3 äëÿ îçíàêîìëåíèÿ ñ îïèñàíèåì óïðàâëåíèÿ ìîùíîñòüþ âî âðåìÿ ïîäâåøèâàíèÿ è âîçîáíîâëåíèÿ.

Êîäèðîâàíèå / Äåêîäèðîâàíèå Äàííûõ

USB èñïîëüçóåò NRZI êîäèðîâàíèå äàííûõ ïðè ïåðåäà÷è ïàêåòîâ. Ïðè êîäèðîâàíèè NRZI, 1 íå ïðåäñòàâëÿåòñÿ íèêàêèì èçìåíåíèåì óðîâíÿ, à 0 ïðåäñòàâëÿåòñÿ èçìåíåíèåì óðîâíÿ.  � REF _Ref319210333 \* MERGEFORMAT �Ðèñóíîê 7-11� ïîêàçûâàåò ïîòîê äàííûõ è NRZI ýêâèâàëåíò è � REF _Ref340653023 \* MERGEFORMAT �Ðèñóíîê 7-12� ÿâëÿåòñÿ áëîê-ñõåìîé NRZI. Âûñîêèé óðîâåíü ïðåäñòàâëÿåò ñîñòîÿíèå J íà ëèíèÿõ äàííûõ â ýòîì è ïîñëåäóþùèõ ðèñóíêàõ, ïîêàçûâàþùèõ NRZI êîäèðîâàíèå. Ñòðîêà íóëåé çàñòàâëÿåò NRZI äàííûå ïåðåêëþ÷àòü â êàæäîå âðåìÿ ïåðåäà÷è áèòà. Ñòðîêà åäèíèö âûçûâàåò äëèòåëüíûå ïåðèîäû áåç ïåðåõîäîâ â äàííûõ.
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �11�.  Êîäèðîâàíèå Äàííûõ NRZI
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �12�.  Áëîê-ñõåìà NRZI

Âñòàâêà áèò

×òîáû ãàðàíòèðîâàòü ïðàâèëüíûå ïåðåõîäû ñèãíàëà, âñòàâêà áèò èñïîëüçîâàíà ïåðåäàþùèì óñòðîéñòâîì ïðè ïîñûëêè ïàêåòà â USB (ñì. � REF _Ref340653155 \* MERGEFORMAT �Ðèñóíîê 7-13� è � REF _Ref340653169 \* MERGEFORMAT �Ðèñóíîê 7-14�). 0 âñòàâëÿåòñÿ, ïîñëå êàæäûõ øåñòè ïîñëåäîâàòåëüíî èäóùèõ 1 â ïîòîêå äàííûõ ïðåæäå, ÷åì äàííûå çàêîäèðîâàíû NRZI , ÷òîáû âûíóäèòü ïåðåõîä â ïîòîêå äàííûõ NRZI. Ýòî äàåò ïðèåìíèêó ëîãè÷åñêèé ïåðåõîä äàííûõ ïî êðàéíåé ìåðå, êàæäûå ñåìü âðåìåí ïåðåäà÷è áèòà, ÷òî ãàðàíòèðóåò ïðèêðåïëåíèå äàííûõ è ñèíõðîèìïóëüñîâ.(This gives the receiver logic a data transition at least once every seven bit times to guarantee the data and clock lock.) Ïðèåìíèê äîëæåí äåêîäèðîâàòü NRZI äàííûå, ðàñïîçíàâàòü çàïîëíåííûå áèòû, è îòáðàñûâàòü èõ. Âñòàâêà áèò ðàçðåøåíà, íà÷èíàÿ ñ Sync Øàáëîíà è â òå÷åíèå âñåé ïåðåäà÷è. "Åäèíèöà" â äàííûõ, êîòîðàÿ çàêàí÷èâàåò Øàáëîí Sync,  ñ÷èòàåòñÿ ïåðâîé â ïîñëåäîâàòåëüíîñòè äàííûõ. (The data “one” that ends the Sync Pattern is counted as the first one in a sequence.) Âñòàâêà áèò îñóùåñòâëÿåòñÿ âñåãäà, áåç èñêëþ÷åíèÿ. Åñëè ïî ïðàâèëàì òðåáóåòñÿ âñòàâêà áèòà, íóëåâîé áèò áóäåò âñòàâëåí, äàæå åñëè ýòî - ïîñëåäíèé áèò, ò.å. áèò ïåðåä ñèãíàëîì êîíåö-ïàêåòà (EOP).
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �13�.  Âñòàâêà áèò
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �14�.  Áëîê-ñõåìà Âñòàâêè áèòà

Øàáëîí Sync 

Áèòîâûé øàáëîí NRZI, ïîêàçàí íà � REF _Ref340653237 \* MERGEFORMAT �Ðèñóíîê 7-15� èñïîëüçóåòñÿ êàê øàáëîí ñèíõðîíèçàöèè è êàê ïðåôèêñ ê êàæäîìó ïàêåòó. Ýòîò øàáëîí ýêâèâàëåíòåí øàáëîíà äàííûõ èç ñåìè 0 ñëåäóþùèõ çà 1 (0x80=10000000B).
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �15�.  Øàáëîí Sync

Íà÷àëüíûé Èíòåðâàëà Êàäðà è Ïðèñïîñàáëèâàåìîñòü Êàäðà(Initial Frame Interval and Frame Adjustability)

USB îïðåäåëÿåò èíòåðâàë êàäðà äëèíîé 1.000 ìñ.  Èíòåðâàë êàäðà èçìåðÿåòñÿ îò íà÷àëà PID Íà÷àëà Êàäðà (SOF) â îäíîì êàäðå äî òîé æå ñàìîé òî÷êè â SOF ìàðêåðå ñëåäóþùåãî êàäðà. Ðàçðåøåí äîïóñê â íà÷àëüíîì èíòåðâàëå êàäðà ±0.05% (500 ppm). Ýòîò äîïóñê âêëþ÷àåò ïîãðåøíîñòè âñåõ èñòî÷íèêîâ: íà÷àëüíàÿ òî÷íîñòü ÷àñòîòû, êðèñòàëëè÷åñêàÿ åìêîñòíàÿ íàãðóçêà, îáåñïå÷èâàåìîå íàïðÿæåíèå íà ãåíåðàòîðå, òåìïåðàòóðà, è ñòàðåíèå. 

Õîñò êîíòðîëëåð äîëæåí óìåòü êîððåêòèðîâàòü èíòåðâàë êàäðà. Èìåþòñÿ äâà âîçìîæíûõ êîìïîíåíòà äëÿ ïðèñïîñàáëèâàåìîñòè èíòåðâàëà êàäðà.(There are two possible components to the frame interval adjustability.) Åñëè ñêîðîñòü ïåðåäà÷è äàííûõ õîñòà íå òî÷íî 12.00 ÌÁ, òî òî÷íîñòü íà÷àëüíîãî èíòåðâàëà êàäðà ±0.05% ìîæåò áûòü óäîâëåòâîðåíà,  èçìåíåíèåì çàäàííîãî ïî óìîë÷àíèþ ÷èñëà áèòîâ íà êàäð îò íîìèíàëüíûõ 12,000. (If the host’s data rate clock is not exactly 12.00 Mbs, then the initial ±0.05% frame interval accuracy can be met by changing the default number of bits per frame from the nominal of 12,000.)  (Êîìïîíåíòå õîñò êîíòðîëëåðà, êîòîðàÿ èìååò äèàïàçîí âîçìîæíûõ çíà÷åíèé ÷àñòîòû èñòî÷íèêà, âåðîÿòíî, ïðèäåòñÿ ñäåëàòü âåëè÷èíó ýòîãî íà÷àëüíîãî êàäðà ïåðåñ÷èòûâàåìûì ïðîãðàììèðóåìûì çíà÷åíèåì.[A host controller component, that has a range of possible clock source values, may have to make this initial frame count a programmable value.] Äèàïàçîí ýòèõ çíà÷åíèé äàí â Ðàçäåëå 7.1.9.) Òðåáóåòñÿ äîïîëíèòåëüíî ïðèñïîñàáëèâàåìîñòü (15 ïîëíî ñêîðîñòíûõ âðåìåí ïåðåäà÷è áèòà, ÷òîáû ïîçâîëèòü õîñòó ñèíõðîíèçèðîâàòüñÿ ñ âíåøíåì ýòàëîííûì âðåìåíåì (An additional adjustability of (15 full speed bit times is required to allow the host to synchronize to an external time reference.) Â òå÷åíèå íîðìàëüíîé îïåðàöèè øèíû èíòåðâàë êàäðà ìîæåò áûòü ïåðåïðîãðàììèðîâàí íå áîëåå, ÷åì íà îäíî ïîëíî ñêîðîñòíîå âðåìåíÿ ïåðåäà÷è áèòà â êàæäîé êîððåêòèðîâêè.(The frame interval can be reprogrammed by no more than one full speed bit time each adjustment during normal bus operation.)

Êîíöåíòðàòîðû è íåêîòîðûå ïîëíî ñêîðîñòíûå ôóíêöèè äîëæíû ïðîñëåäèòü èíòåðâàë êàäðà. (Hubs and certain full speed functions need to track the frame interval.) Îíè òàêæå òðåáóþòñÿ, ÷òîáû èìåòü äîñòàòî÷íóþ ïðèñïîñàáëèâàåìîñòü ñèíõðîíèçàöèè êàäðà, ÷òîáû êîìïåíñèðîâàòü ñîáñòâåííûé äîïóñê ÷àñòîòû è ïðîñëåæèâàòü çà äèàïàçîíîì ïðèñïîñàáëèâàåìîñòè õîñòà  (15 ïîëíî ñêîðîñòíûõ âðåìåí ïåðåäà÷è áèòà.(They also are required to have sufficient frame timing adjustability to compensate for its own frequency tolerance and track the host’s (15 full speed bit time adjustability range.)

Ñêîðîñòü Ïåðåäà÷è Ñèãíàëîâ Äàííûõ

Ñêîðîñòü ïîëíî ñêîðîñòíîé ïåðåäà÷è äàííûõ íîìèíàëüíî ñîñòàâëÿåò 12 ÌÁ. Äîïóñê â ñêîðîñòè ïåðåäà÷è äàííûõ äëÿ õîñòà, êîíöåíòðàòîðà, è ïîëíî ñêîðîñòíûõ ôóíêöèé ñîñòàâëÿåò ±0.25 % (2500 ppm). Òî÷íîñòü ñêîðîñòè ïåðåäà÷è äàííûõ õîñò êîíòðîëëåðà äîëæíà áûòü èçâåñòíà òî÷íåå ÷åì �±0.05% (500 ppm) ÷òîáû òî÷íî ñîâïàñòü ñ èíòåðâàëîì êàäðà. Ýòîò äîïóñê âêëþ÷àåò ïîãðåøíîñòè âñåõ èñòî÷íèêîâ: íà÷àëüíàÿ òî÷íîñòü ÷àñòîòû, êðèñòàëëè÷åñêàÿ åìêîñòíàÿ íàãðóçêà, îáåñïå÷èâàåìîå íàïðÿæåíèå íà ãåíåðàòîðå, òåìïåðàòóðà, è ñòàðåíèå.

Ñêîðîñòü íèçêî ñêîðîñòíîé ïåðåäà÷è äàííûõ íîìèíàëüíî ñîñòàâëÿåò 1.5 ÌÁ. Ðàçðåøåííûé äîïóñê ÷àñòîòû äëÿ íèçêî ñêîðîñòíûõ ôóíêöèé ±1.5% (15000 ppm). Ýòîò äîïóñê âêëþ÷àåò ïîãðåøíîñòè âñåõ èñòî÷íèêîâ: íà÷àëüíàÿ òî÷íîñòü ÷àñòîòû, êðèñòàëëè÷åñêàÿ åìêîñòíàÿ íàãðóçêà, îáåñïå÷èâàåìîå íàïðÿæåíèå íà ãåíåðàòîðå, òåìïåðàòóðà, è ñòàðåíèå. Ôëóêòóàöèÿ ó ñêîðîñòè íèçêî ñêîðîñòíîé ïåðåäà÷è äàííûõ äîëæíà áûòü ìåíüøå ÷åì 10 íñ. Ýòîò äîïóñê ïîçâîëÿåò èñïîëüçîâàòü ðåçîíàòîðû â äåøåâûõ, íèçêî ñêîðîñòíûõ óñòðîéñòâàõ.

Ïîâûøåíèå è Ïàäåíèå Ñèãíàëà Äàííûõ âî Âðåìåíè (Data Signal Rise and Fall Time)

Ïîâûøåíèå è ïîíèæåíèå âðåìåíè íà âûõîäå, èçìåðÿåòñÿ ìåæäó 10% è 90% ñèãíàëà (ñì. � REF _Ref338750172 \* MERGEFORMAT �Ðèñóíîê 7-16�). (The output rise time and fall time are measured between 10% and 90% of the signal.) Edge transition time for the rising and falling edges of full speed data signals is 4 ns (minimum) and 20 ns (maximum)  measured with a capacitive load (CL) of 50 pF.  The rise and fall times must be well matched.  The rise and fall time of low speed signals is 75 ns (minimum) into a load of 50 pF and 300 ns (maximum) into a capacitive load of 350 pF.  In both cases, the rising and falling edges should be smoothly transitioning (monotonic) when driving their respective cables to avoid excessive EMI.  (Â ïîëíî ñêîðîñòíûõ ïåðåäà÷àõ ñèãíàëîâ, äðàéâåð è êàáåëüíûå èìïåäàíñû íå ñîãëàñîâàíà, ïîýòîìó îæèäåòñÿ ÷òî áóäóò îòðàæåíèÿ ñèãíàëà îò êîíöà êàáåëÿ ïðèåìíèêà.)
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �16�.  Data Signal Rise and Fall Time

Ïåðåäà÷à Ñèãíàëîâ Èñòî÷íèêà Äàííûõ (Data Source Signaling)

Ýòîò ðàçäåë îïèñûâàåò âðåìåííûå õàðàêòåðèñòèêè äàííûõ, ïðîèçâåäåííûõ è ïîñëàííûõ îò óñòðîéñòâà (èñòî÷íèê äàííûõ). Ðàçäåë � REF _Ref333891970 \n �7.1.12� îïèñûâàåò âðåìåííûå õàðàêòåðèñòèêè äàííûõ, êîòîðûå ïåðåäàþòñÿ ÷åðåç ñåêöèþ(ðàçäåë - section ) ïîâòîðèòåëÿ êîíöåíòðàòîðà.  Â ýòîì ðàçäåëå, TPERIOD îïðåäåëåí êàê ôàêòè÷åñêèé ïåðèîä ñêîðîñòè ïåðåäà÷è äàííûõ, êîòîðûé ìîæåò èìåòü äèàïàçîí êàê îïðåäåëåíî â Ðàçäåëå. 7.1.9

Ôëóêòóàöèÿ Èñòî÷íèêà Äàííûõ

Èñòî÷íèê äàííûõ ìîæåò èìåòü íåêîòîðûé ðàçáðîñ (ôëóêòóàöèþ) âî âðåìåííûõ ïåðåïàäàõ ïåðåäàâàåìûõ äàííûõ.(The source of data can have some variation (jitter) in the timing of edges of the data transmitted.) Âðåìÿ ìåæäó ëþáûìè ïåðåõîäàìè äàííûõ ýòî N * TPERIOD ( ôëóêòóàöèÿ âðåìåíè, ãäå ‘N’ - ÷èñëî áèòîâ ìåæäó ïåðåõîäàìè. Ôëóêòóàöèÿ äàííûõ èçìåðÿåòñÿ ñ òîé æå ñàìîé åìêîñòíîé çàãðóçêîé, èñïîëüçóåìîé ïðè ìàêñèìàëüíîãî ïîâûøåíèÿ è ïîíèæåíèè âðåìåí è èçìåðÿåòñÿ â òî÷êàõ ïåðåñå÷åíèÿ ëèíèé äàííûõ êàê ïîêàçàíî íà � REF _Ref333847114 \* MERGEFORMAT �Ðèñóíîê 7-17�.(The data jitter is measured with the same capacitive load used for maximum rise and fall times and is measured at the crossover points of the data lines as shown in Figure 7-17)
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �17�.  Ôëóêòóàöèÿ Äàííûõ

Äëÿ ïîëíî ñêîðîñòíûõ ïåðåäà÷, ôëóêòóàöèÿ âðåìåíè äëÿ ëþáûõ ïîñëåäîâàòåëüíûõ äèôôåðåíöèàëüíûõ ïåðåõîäîâ äàííûõ äîëæíî áûòü â ïðåäåëàõ 2.0 íñ è â ïðåäåëàõ 1.0 íñ äëÿ ëþáûõ ñäâîåííûõ äèôôåðåíöèàëüíûõ ïåðåõîäîâ äàííûõ. (For full speed transmissions, the jitter time for any consecutive differential data transitions must be within (2.0 ns and within (1.0 ns for any set of paired differential data transitions.) Äëÿ íèçêî ñêîðîñòíûõ ïåðåäà÷, ôëóêòóàöèÿ âðåìåíè äëÿ ëþáûõ ïîñëåäîâàòåëüíûõ äèôôåðåíöèàëüíûõ ïåðåõîäîâ äàííûõ äîëæíî áûòü â ïðåäåëàõ (25 íñ è â ïðåäåëàõ (10 íñ äëÿ ëþáûõ ñäâîåííûõ  äèôôåðåíöèàëüíûõ ïåðåõîäîâ äàííûõ. Ýòè ÷èñëà ôëóêòóàöèè âêëþ÷àþò âðåìåííîé ðàçáðîñ èç-çà äèôôåðåíöèàëüíîé áóôåðíîé çàäåðæêè è íåñîîòâåòñòâèÿ ïîâûøåíèÿ/ïîíèæåíèÿ âðåìåí, âíóòðåííåé ôëóêòóàöèÿ èñòî÷íèêà ñèíõðîíèçàöèè è øóìà è äðóãèõ ïðîèçâîëüíûõ ýôôåêòîâ.

Øèðèíà EOP

Øèðèíà SE0 â EOP îêîëî 2 * TPERIOD. Øèðèíà EOP èçìåðÿåòñÿ ñ òîé æå ñàìîé åìêîñòíîé çàãðóçêîé, èñïîëüçóåìîé äëÿ ìàêñèìàëüíîãî ïîâûøåíèÿ è ïîíèæåíèå âðåìåíè è èçìåðÿåòñÿ íà òîì æå ñàìîì óðîâíå êàê è ñèãíàëû òî÷êè ïåðåñå÷åíèÿ äèôôåðåíöèàëüíûõ ëèíèé äàííûõ (ñì. � REF _Ref333847447 \* MERGEFORMAT �Ðèñóíîê 7-18�).
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �18�. Âðåìåííàÿ Øèðèíû EOP (EOP Width Timing)

Äëÿ ïîëíî ñêîðîñòíûõ ïåðåäà÷, øèðèíà EOP îò ïåðåäàò÷èêà äîëæíà áûòü ìåæäó 160 íñ è 175 íñ. Äëÿ íèçêî ñêîðîñòíûõ ïåðåäà÷, øèðèíà EOP îò ïåðåäàò÷èêà äîëæíà áûòü ìåæäó 1.25 (ñ è 1.50 (ñ. Ýòè äèàïàçîíû âêëþ÷àþò âðåìåííîé ðàçáðîñ èç-çà äèôôåðåíöèàëüíîé áóôåðíîé çàäåðæêè è íåñîîòâåòñòâèÿ ïîâûøåíèÿ/ïîíèæåíèÿ âðåìåí, øóìà è äðóãèõ ïðîèçâîëüíûõ ýôôåêòîâ.

Ïîëíî ñêîðîñòíîé ïðèåìíèê äîëæåí ïðèíÿòü SE0 øèðèíîé 82 íñ ñîïðîâîæäàåìûé J ïåðåõîäîì êàê äîïóñòèìûé(valid) EOP.  SE0 áîëåå óçêèé ÷åì 40 íñ èëè ëþáîé SE0, íå ñîïðîâîæäàåìûé J ïåðåõîäîì äîëæåí áûòü îòêëîíåí êàê EOP. Ïðèåìíèê ìîæåò îòêëîíÿòü èëè ïðèíèìàòü EOP ìåæäó 40 íñ è 82 íñ êàê ïðîäèêòîâàíî â çàâèñèìîñòè îò ðåàëèçàöèè îñóùåñòâëåíèÿ âûáîðêè è ñèíõðîíèçàöèè.( The receiver may reject or accept an EOP between 40 ns and 82 ns as dictated by implementation depending on sampling and synchronization.) Íèçêî ñêîðîñòíîé ïðèåìíèê äîëæåí ïðèíÿòü SE0 øèðèíîé 670 íñ  ñîïðîâîæäàåìûé J ïåðåõîäîì êàê äîïóñòèìûé EOP. SE0 áîëåå óçêèé ÷åì 330 íñ èëè SE0, íå ñîïðîâîæäàåìûé J ïåðåõîäîì äîëæåí áûòü îòêëîíåí êàê EOP. EOP ìåæäó 330 íñ è 670 íñ ìîæåò áûòü îòêëîíåí èëè ïðèíÿò êàê îïèñàíî âûøå.  Õîñò ÿâëÿåòñÿ èñêëþ÷åíèåì èç ýòîãî ïðàâèëà è âñåãäà èñïîëüçóåò ïîëíî ñêîðîñòíûå âðåìåííûå ïðàâèëà EOP ïðè ïîëó÷åíèè è ïðè ëþáîé ñêîðîñòè ïåðåäà÷è äàííûõ. (Ýòî íåîáõîäèìî äëÿ ïîääåðæàíèÿ âîññòàíîâëåíèè ïðè îøèáêàõ â êîíöå-ïàêåòà. Îáðàòèòåñü ê Ðàçäåëó11.4.5.) Ëþáîé SE0, êîòîðûé áîëåå øèðîêèé ÷åì 2.5 (ñ àâòîìàòè÷åñêè ñáðàñûâàåòñÿ èëè ðàçúåäèíÿåòñÿ (â çàâèñèìîñòè îò íàïðàâëåíèÿ).

Âðåìåííûå õàðàêòåðèñòèêè Ïåðåäà÷è Ñèãíàëîâ Êîíöåíòðàòîðà(Hub Signaling Timings)

Ðàñïðîñòðàíåíèå ïîëíî ñêîðîñòíîãî, äèôôåðåíöèàëüíîãî ñèãíàëà äàííûõ ÷åðåç êîíöåíòðàòîð ïîêàçàíî íà � REF _Ref333853402 \* MERGEFORMAT �Ðèñóíîê 7-19�.  Ïåðåäà÷à ñèãíàëîâ âíèç ïî èåðàðõèè èçìåðÿåòñÿ áåç ñîåäèíåííîãî ñ ïîðòîì êàáåëÿ è ñ åìêîñòíîé íàãðóçêîé 50 ïÔ. Îáùàÿ çàäåðæêà ÷åðåç êàáåëü è ýëåêòðîíèêó êîíöåíòðàòîðà äîëæíà áûòü ìàêñèìóì 70 íñ.  Åñëè êîíöåíòðàòîð èìååò ñòàíäàðòíûé ñúåìíûé êàáåëü USB, òî çàäåðæêà ÷åðåç ýëåêòðîíèêó êîíöåíòðàòîðà äîëæíà áûòü ìàêñèìóìîì 40 íñ, ÷òîáû ó÷åñòü ñàìûé ïëîõîé ñëó÷àé ñ çàäåðæêîé â êàáåëå 30 íñ. Çàäåðæêà ÷åðåç ýòîò êîíöåíòðàòîð èçìåðÿåòñÿ â äâóõ íàïðàâëåíèÿõ è â âåðõ è âíèç ïî èåðàðõèè êàê ïîêàçàíî íà � REF _Ref333853402 \* MERGEFORMAT �Ðèñóíîê 7-19�B, îò ïåðåñå÷åíèÿ ëèíèè äàííûõ âî âõîäíîì ïîðòå ê ïåðåñå÷åíèþ ëèíèè äàííûõ â ïîðòå âûõîäà.
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �19�.  Çàäåðæêà Ðàñïðîñòðàíåíèÿ Ïîëíî Ñêîðîñòíûõ Äèôôåðåíöèàëüíûõ Ñèãíàëîâ â Êîíöåíòðàòîðå

Çàäåðæêà ðàñïðîñòðàíåíèÿ íèçêî ñêîðîñòíûõ äèôôåðåíöèàëüíûõ ñèãíàëîâ èçìåðÿåòñÿ â òîì æå ñàìîì ðåæèìå ÷òî è ïðè ïîëíî ñêîðîñòíîé ïåðåäà÷è ñèãíàëîâ. Ìàêñèìàëüíàÿ íèçêî ñêîðîñòíàÿ çàäåðæêà êîíöåíòðàòîðà ñîñòàâëÿåò 300 íñ. Çäåñü ó÷èòûâàåòñÿ çàäåðæêó ðàñïðîñòðàíåíèÿ áîëåå ìåäëåííîãî íèçêî ñêîðîñòíîãî áóôåðà è ïîâûøåíèå è ïîíèæåíèå âðåìåí.

Êîãäà êîíöåíòðàòîð ðàáîòàåò êàê ïîâòîðèòåëü, îí äîëæíî âîñïðîèçâåñòè ïîëó÷åííûé ñèãíàë òî÷íî òàêîé æå íà ñâîèõ âûâîäàõ. Ýòî îçíà÷àåò, ÷òî äëÿ äèôôåðåíöèàëüíûõ ñèãíàëîâ, çàäåðæêè ðàñïðîñòðàíåíèÿ ïåðåõîä îò J ê K ñîñòîÿíèþ äîëæíû áûòü ïðèìåðíî ðàâíû çàäåðæêàì ïåðåõîäà îò K ê J ñîñòîÿíèþ. Ìàêñèìàëüíîå ðàçëè÷èå, äîïóñêàåìîå ìåæäó ýòèìè äâóìÿ çàäåðæêàìè (êàê èçìåðåíî íà  � REF _Ref333853402 \* MERGEFORMAT �Ðèñóíîê 7-19�) äëÿ êîíöåíòðàòîðà è êàáåëÿ ñîñòàâëÿåò (3.0 íñ. Òî÷íî òàê æå ðàçëè÷èå â çàäåðæêå ìåæäó ëþáûìè äâóìÿ îò J ê K èëè îò K ê J ïåðåõîäàì ÷åðåç êîíöåíòðàòîð äîëæíî áûòü ìåíüøå ÷åì (1.0 íñ.

Èñêëþ÷åíèå â ýòîì ñëó÷àþ - ýòî ïåðåêîñ, êîòîðûé ìîæåò áûòü âíåñåí ïðè ïåðåõîäå â SOP îò ñîñòîÿíèÿ idle ê ñîñòîÿíèþ K (îáðàòèòåñü ê Ðàçäåëó  � REF _Ref333890515 \n �7.1.4.2�).(An exception to this case is the skew that can be introduced in the SOP idle to K state transition). Â ýòîì ñëó÷àå, â çàäåðæêó ê ïðîòèâîïîëîæíîìó ïîðòó âêëþ÷àåòñÿ âðåìÿ, äàþùåå âîçìîæíîñòü âûõîäíîìó áóôåðó.(In this case, the delay to the opposite port includes the time to enable the output buffer.)  Îäíàêî, çàäåðæêè äîëæíû áûòü áëèçêî ñîãëàñîâàíû ñ íîðìàëüíîé çàäåðæêîé êîíöåíòðàòîðà, è ìàêñèìàëüíîå äîïîëíèòåëüíîå ðàçëè÷èå çàäåðæêè îò íîðìàëüíîãî ïåðåõîäà îò J ê K ñîñòàâëÿåò îò -3.0 íñ äî +5.0 íñ. Ýòî îãðàíè÷èâàåò ìàêñèìàëüíîå èñêàæåíèå ïåðâîãî áèòà â ïàêåòå.  ( Îáðàòèòå âíèìàíèå: Ýòî èñêàæåíèå ïåðåõîäà SOP âëèÿåò íà ñëåäóþùèé ïåðåõîäà îò K ê J ñîñòîÿíèþ, è ïåðâûé áèò ïîëÿ sync íå äîëæåí èñïîëüçîâàòüñÿ äëÿ ñèíõðîíèçàöèè ïðèåìíèêà ê ïîòîêó äàííûõ.)

EOP äîëæåí ðàñïðîñòðàíÿòüñÿ ÷åðåç êîíöåíòðàòîð òàêèì æå îáðàçîì êàê äèôôåðåíöèàëüíàÿ ïåðåäà÷à ñèãíàëîâ. Çàäåðæêà ðàñïðîñòðàíåíèÿ ïðè âîñïðèÿòèè SE0 äîëæíà áûòü íå ìåíüøå ÷åì íàèáîëüøàÿ çàäåðæêà ïåðåõîäà îò J ê K èëè îò K ê J äèôôåðåíöèàëüíûõ äàííûõ (÷òîáû èçáåæàòü óñå÷åíèÿ ïîñëåäíåãî èíôîðìàöèîííîãî áèòà â ïàêåòå) íî íå, áîëüøåé 15 íñ ÷åì íàèáîëüøàÿ äèôôåðåíöèàëüíàÿ çàäåðæêà â ïîëíî ñêîðîñòíîì è 200 íñ â íèçêî ñêîðîñòíîì ðåæèìå(÷òîáû ïðåäîòâðàòèòü îøèáî÷íîå âñòàâëåíèå áèòà â êîíåö ïàêåòà). Çàäåðæêè EOP ïîêàçàíû íà � REF _Ref333858822 \* MERGEFORMAT �Ðèñóíîê 7-20�.

Òàê êàê ñìûñëîâûå óðîâíè äëÿ ñîñòîÿíèÿ SE0 íå â ñðåäíåé òî÷êå êîëåáàíèÿ ñèãíàëà, øèðèíà ñîñòîÿíèÿ àñèììåòðè÷íîãî 0 áóäåò èçìåíÿòüñÿ, ïîñêîëüêó îíî ïðîõîäèò ÷åðåç êàæäûé êîíöåíòðàòîð. (Since the sense levels for the SE0 state are not at the midpoint of the signal swing, the width of the single-ended 0 state will be changed as it passes through each hub.) Êîíöåíòðàòîð íå ìîæåò èçìåíèòü äëèíó ïîëíî ñêîðîñòíîãî ñîñòîÿíèÿ àñèììåòðè÷íûå 0  áîëüøå ÷åì (15 íñ êàê ïî ðàçíîìó èçìåðÿþòñÿ  çàäåðæêè EOP- è EOP + (ñì. � REF _Ref333858822 \* MERGEFORMAT �Ðèñóíîê 7-20�).( A hub may not change the length of a full speed single-ended 0 state by more than (15 ns as measured by the difference of the EOP- and EOP+ delays.) Àñèììåòðè÷íûé 0 èç íèçêî ñêîðîñòíîãî óñòðîéñòâà èìåþò äëèííîå ïîâûøåíèå è ïîíèæåíèå âðåìåí è ïîäâåðæåí áîëüøåìó ïåðåêîñó, íî ýòè óñëîâèÿ ñóùåñòâóþò òîëüêî íà êàáåëå îò íèçêî ñêîðîñòíîãî óñòðîéñòâà äî ïîðòà, ñ êîòîðûì îíî ñîåäèíåíî. Ñ ýòîãî âðåìåíè, ïðè ïåðåäà÷è ñèãíàëîâ èñïîëüçóåòñÿ ïîëíî ñêîðîñòíûå áóôåðà è èõ áîëåå áûñòðîå ïîâûøåíèå è ïîíèæåíèå âðåìåíè. Àñèììåòðè÷íûé 0 îò íèçêî ñêîðîñòíîãî óñòðîéñòâà íå ìîæåò áûòü èçìåíåí áîëüøå ÷åì (300 íñ, ïîñêîëüêó îí ïðîõîäèò ÷åðåç êîíöåíòðàòîð, ñ êîòîðûì ñîåäèíåíî óñòðîéñòâî. Â ýòîò ðàç ó÷èòûâàåòñÿ íåêîòîðîå ñîçäàâàåìîå ñèãíàëîì óñëîâèå â íèçêî ñêîðîñòíîì ïîðòå, ÷òî óìåíüøàåò ÷óâñòâèòåëüíîñòü äî øóìà.( This time allows for some signal conditioning in the low speed port to reduce its sensitivity to noise.)
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �20�.  Âðåìåííûå õàðàêòåðèñòèêè EOP

Ôëóêòóàöèÿ Ïðèåìíèêà Äàííûõ 

Ïðèåìíèêè äàííûõ äëÿ âñåõ òèïîâ óñòðîéñòâ äîëæíû áûòü ñïîñîáíû ïðàâèëüíî äåêîäèðîâàòü äèôôåðåíöèàëüíûå äàííûå ïðè ôëóêòóàöèè. ×åì áîëüøåå îäíîðàçðÿäíûõ ÿ÷ååê ëþáîé êðàé äàííûõ ìîæåò çàíèìàòü è âñå åùå äåêîäèðîâàòüñÿ, òåì áîëåå íàäåæíàÿ áóäåò ïåðåäà÷à äàííûõ(The more of the bit cell that any data edge can occupy and still be decoded, the more reliable the data transfer will be.) Ïðèåìíèêè äàííûõ òðåáóþòñÿ, ÷òîáû äåêîäèðîâàòü äèôôåðåíöèàëüíûå ïåðåõîäû äàííûõ, êîòîðûå ïðîèñõîäÿò â îêíå ïëþñ,ìèíóñ îò íîìèíàëüíîé ÷åòâåðòè îäíîðàçðÿäíîãî ðåãèñòðà îò íîìèíàëüíîé (öåíòðèðîâàííîé) ïîçèöèè êðàÿ äàííûõ.(Data receivers are required to decode differential data transitions that occur in a window plus and minus a nominal quarter bit cell from the nominal (centered) data edge position.)  (Íàïðèìåð ìîæåò áûòü ñôîðìèðîâàí 4X oversampling êîíå÷íûé àâòîìàò DPLL, ÷òîáû óäîâëåòâîðèòü ýòè òðåáîâàíèÿ.)

Ôëóêòóàöèÿ áóäåò âûçâàíà íåñîîòâåòñòâèÿìè çàäåðæåê, îáñóæäåííûìè îïèñàííûì âûøå è íåñîîòâåòñòâèÿìè â ñêîðîñòÿõ ïåðåäà÷è äàííûõ (÷àñòîòû) èñòî÷íèêà è àäðåñàòà. Çàïàñû ôëóêòóàöèè äàííûõ äëÿ ïîëíîãî è íèçêî ñêîðîñòíûõ ðåæèìîâ äàíû â � REF _Ref340653383 \* MERGEFORMAT �Òàáëèöà 7-2� è � REF _Ref340653399 \* MERGEFORMAT �Òàáëèöà 7-3�. Â ýòèõ òàáëèöàõ ïðåäñòàâëåíû îòäåëüíûå è îáùèå çíà÷åíèÿ äëÿ êàæäîãî èñòî÷íèêà ôëóêòóàöèè äëÿ ïîñëåäîâàòåëüíûõ (ñëåäóþùèõ) è ñäâîåííûõ ïåðåõîäîâ (These tables give the value and totals for each source of jitter for both consecutive (next) and paired transitions.) (Îáðàòèòå âíèìàíèå, ÷òî ôëóêòóàöèÿ êîìïîíåíòà ñâÿçàííàÿ ñ èñòî÷íèêîì, èëè äîïóñê ÷àñòîòû àäðåñàòà áûë ðàñïðåäåëåí ñîîòâåòñòâóþùåìó óñòðîéñòâó (òî åñòü, ôëóêòóàöèÿ èñòî÷íèêà âêëþ÷àåò áèò, ñäâèíóòûé èç-çà èñõîäíîé ïîãðåøíîñòè ÷àñòîòû ïðè ñàìîì ïëîõîì ñëó÷àå èíòåðâàëà ïåðåõîäà äàííûõ)(Note that the jitter component related to the source or destination frequency tolerance has been allocated to the appropriate device (i.e., the source jitter includes bit shifts due to source frequency inaccuracy over the worst case data transition interval).) Ôëóêòóàöèåþ âûõîäíîãî äðàéâåðà ìîæíî ïðîòèâîïîñòàâèòü òî÷íîñòè ÷àñîâ  ñïåöèôè÷åñêè ðåàëèçîâàííîãî óñòðîéñòâà, ïîêà âñòðå÷àåòñÿ ñïåöèôèêàöèÿ ôëóêòóàöèè(The output driver jitter can be traded off against the device clock accuracy in a particular implementation as long as the jitter specification is met.)

Òàáëèöà ïðåäñòàâëÿþùàÿ çàïàñ ôëóêòóàöèè ïðè íèçêî ñêîðîñòíîì ðåæèìå èìååò äîïîëíèòåëüíóþ ñòðîêó, ïîòîìó ÷òî ôëóêòóàöèÿ, âíåñåííàÿ êîíöåíòðàòîðîì, ê êîòîðîìó ïðèñîåäèíåíî íèçêî ñêîðîñòíîå óñòðîéñòâî,  îòëè÷àåòñÿ îò âñåõ äðóãèõ óñòðîéñòâ íà ïóòè äàííûõ (The low speed jitter budget table has an additional line in it because the jitter introduced by the hub to which the low speed device is attached is different from all the other devices in the data path.) Îñòàâøèåñÿ óñòðîéñòâà ôóíêöèîíèðóþò ñ ïîëíî ñêîðîñòíûìè ñîãëàøåíèÿìè ïåðåäà÷è ñèãíàëîâ (õîòÿ â íèçêî ñêîðîñòíîé ñêîðîñòè ïåðåäà÷è äàííûõ).

Òàáëèöà � STYLEREF 1 \n �7�-� SEQ Table \* ARABIC �2�.  Çàïàñ Ôëóêòóàöèè â Ïîëíî Ñêîðîñòíîì Ðåæèìå

HUBS�5��Full Speed Freq. Tol.�0.0025��MAX BITS/TRANS�7�����Jitter Source�Full Speed������Next Transition��Paired Transition����Each (ns)�Total (ns)�Each (ns)�Total (ns)��Source Driver Jitter�2.0�2.0�1.0�1.0��Source Freq. Tol. - Worst case�0.21/bit�1.5�0.21/bit�3.0��Source Jitter Total��3.5��4.0��Hub Jitter�3.0�15.0�1.0�5.0��Jitter Spec��18.5��9.0��Destination Freq. Tol.�0.21/bit�1.5�0.21/bit�3.0��Rcv Jitter Budget��20.0��12.0��

Òàáëèöà � STYLEREF 1 \n �7�-� SEQ Table \* ARABIC �3�. Çàïàñ Ôëóêòóàöèè â Íèçêî Ñêîðîñòíîì Ðåæèìå

HUBS��5�Full Speed Freq. Tol.�0.0025��MAX BITS/TRANS��7�Low Speed. Freq. Tol.�0.015��Jitter Source�Low Speed - Upstream������Next Transition��Paired Transition����Each (ns)�Total (ns)�Each (ns)�Total (ns)��Function Driver Jitter�25.0�25.0�10.0�10.0��Function Freq. Tol - Worst Case�10.0/bit�70.0�10.0/bit�140.0��Source (Function) Jitter Total��95.0��150.0��Hub w/ Low Speed Device Jitter�45.0�45.0�45.0�45.0��Remaining (Full Speed) Hubs' Jitter�3.0�12.0�1.0�4.0��Jitter Spec��152.0��200.0��Host Freq. Tol.�1.7/bit�12.0�1.7/bit�24.0��Host Rcv Jitter Budget��164.0��225.0���

Òàáëèöà 7-3. Çàïàñ Ôëóêòóàöèè â Íèçêî Ñêîðîñòíîì Ðåæèìå(ïðîäîëæåíèå)

Jitter Source�Low Speed - Downstream������Next Transition��Paired Transition����Each (ns)�Total (ns)�Each (ns)�Total (ns)��Host Driver Jitter�2.0�2.0�1.0�1.0��Host Freq. Tol. - Worst Case�1.7/bit�12.0�1.7/bit�24.0��Source (Host) Jitter Total��14.0��25.0��Hub w/ Low Speed Device Jitter�45.0�45.0�15.0�15.0��Remaining (Full Speed) Hubs' Jitter�3.0�12.0�1.0�4.0��Jitter Spec��75.0��45.0��Function Freq. Tol.�10.0/bit�70.0�10.0/bit�140.0��Function Rcv Jitter Budget��150.0��185.0��Note:  Ýòà òàáëèöà îïèñûâàåò õîñò, ïåðåäàþùèé â ñêîðîñòè íèçêî ñêîðîñòíîé ïåðåäà÷è äàííûõ, èñïîëüçóÿ ïîëíî ñêîðîñòíóþ ïåðåäà÷ó ñèãíàëîâ íà íèçêî ñêîðîñòíîå óñòðîéñòâî ÷åðåç ìàêñèìàëüíîå ÷èñëî êîíöåíòðàòîðîâ. Êîãäà õîñò íåïîñðåäñòâåííî ñîåäèíÿåòñÿ ñ íèçêî ñêîðîñòíûì óñòðîéñòâîì, îí èñïîëüçóåò íèçêî ñêîðîñòíóþ ñêîðîñòü ïåðåäà÷è äàííûõ è íèçêî ñêîðîñòíóþ ïåðåäà÷ó ñèãíàëîâ, è õîñò äîëæåí âñòðåòèòü èñõîäíóþ ôëóêòóàöèþ, ïðåäñòàâëåííóþ â ñòðîêå “ Ñïåöèôèêàöèè Ôëóêòóàöèè ”.

Çàäåðæêà â Êàáåëå

Îäíîâðåìåííî äîïóñòèì òîëüêî îäèí ïåðåõîä äàííûõ â êàáåëå USB. Ïîëíî ñêîðîñòíîé êðàé ñèãíàëà äîëæåí ïðîèçîéòè, ðàñïðîñòðàíèòüñÿ ê äàëåêîìó êîíöó êàáåëÿ, âîçâðàòèòüñÿ, è óëîæèòüñÿ âíóòðè îäíîãî âðåìåíè ïåðåäà÷è ïîëíî ñêîðîñòíîãî áèòà.(A full speed signal edge has to transition, propagate to the far end of the cable, return, and settle within one full speed bit time.) Ñëåäîâàòåëüíî, ìàêñèìàëüíî ðàçðåøåííàÿ çàäåðæêà â êàáåëå 30 íñ. Íåçàâèñèìî îò ñêîðîñòè â êàáåëå, ìàêñèìàëüíàÿ äëèíà êàáåëÿ - 5.0 ìåòðîâ äëÿ ïîëíî ñêîðîñòíûõ óñòðîéñòâ è 3.0 ìåòðà äëÿ íèçêî ñêîðîñòíûõ óñòðîéñòâ Ìàêñèìàëüíàÿ îäíîñòîðîííÿÿ çàäåðæêà äàííûõ íà êàáåëå èçìåðÿåòñÿ êàê ïîêàçàíî  � REF _Ref339679568 \* MERGEFORMAT �Ðèñóíîê 7-21�.

� EMBED Word.Picture.6  ���

Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �21�. Çàäåðæêà â Êàáåëå

Âðåìÿ îáðàùåíèÿ/Ìåæïàêåòíàÿ Çàäåðæêà â Øèíå (Bus Turnaround Time/Interpacket Delay)

Íîâîå óñòðîéñòâî íå ìîæåò íà÷àòü óïðàâëÿòü øèíîé, ïîêà ïðåäûäóùåå óñòðîéñòâî íå çàâåðøèëî ïîñëåäîâàòåëüíîñòü EOP è íå îòêëþ÷èëî äðàéâåðû. Ýòî äàåò óâåðåííîñòü, ÷òî íå áóäåò ïîçâîëåíî íîâîìó óñòðîéñòâó óïðàâëÿòü øèíîé, ïîêà îíî íå îáíàðóæèò, ÷òî øèíà íàõîäèòñÿ â ñîñòîÿíèè J ïîñëå SE0 â EOP ïî êðàéíåé ìåðå â òå÷åíèè äâóõ âðåìåí ïåðåäà÷è áèòà. Ýòè ìèíèìàëüíûå äâà âðåìåíè ïåðåäà÷è áèòà îòíîñÿòñÿ êî âñåì óñòðîéñòâàì, âêëþ÷àÿ ïåðåäà÷è ïàêåòà õîñòà òóäà è îáðàòíî.(This minimum of two bit times applies to all devices, including back to back host packet transmissions.)  

Åñëè ôóíêöèÿ, êàê îæèäàåòñÿ, ïîøëåò îòâåò íà ïåðåäà÷ó õîñòà, îòâåò äîëæåí áûòü çàìå÷åí íà upstream êîíöå êàáåëÿ âíóòðè 7.5 âðåìåí ïåðåäà÷è áèòà, âîçâðàùåíèåì  øèíû â ñîñòîÿíèå J ïîñëå EOP êàê çàìå÷åíî íà upstream êîíöå êàáåëÿ.(If a function is expected to provide a response to a host transmission, the response must  be seen on the upstream end of the cable within 7.5 bit times of the bus returning to the J state after the EOP as seen on the upstream end of its cable.) Ìàêñèìàëüíîå âðåìÿ îáðàùåíèÿ ê øèíå äëÿ ôóíêöèè èëè êîíöåíòðàòîðà íå âêëþ÷àÿ êàáåëü - 6.5 âðåìåí ïåðåäà÷è áèòà.  (The maximum bus turnaround time for a function or hub without an integrated cable is 6.5 bit times.) Ýòî ìàêñèìàëüíîå âðåìÿ îáðàùåíèÿ ê øèíå íå äîïóñêàåò ïðåðûâàíèå ïðèåìà äàííûõ ïîëíî ñêîðîñòíûì àãåíòîì ïîñëå 16 âðåìåí ïåðåäà÷è áèòà íà îòâåò â ìàêñèìàëüíîé ãëóáèíå òîïîëîãèè (îáðàòèòåñü ê Ðàçäåëó 7.1.16).(This maximum bus turnaround time prevents a full speed receiving agent from timing out after 16 bit times on a response in a maximum depth topology). Îäíàêî, ýòè âðåìåíà îòíîñÿòñÿ, è ê ïîëíî ñêîðîñòíûì è íèçêî ñêîðîñòíûì óñòðîéñòâàì.

Ìàêñèìàëüíàÿ çàäåðæêà õîñòîì îòâåòà, íà ïàêåò äàííûõ ïîñëàííûé ôóíêöèåé (åñëè êâèòèðîâàíèå òðåáóåòñÿ), ñîñòàâëÿåò 7.5 âðåìåí ïåðåäà÷è áèòà, èçìåðÿåìûå íà øòûðüêàõ ïîðòà õîñòà.(The maximum delay a host has to respond to a data packet sent by a function (if a handshake is required) is 7.5 bit times, measured at the host’s port pins.) Íåò íèêàêîé ìàêñèìàëüíîé çàäåðæêè ìåæäó ïàêåòàìè â îòäåëüíûõ òðàíçàêöèÿõ.

Ìàêñèìàëüíàÿ çàäåðæêà ñèãíàëà îò êîíöà äî êîíöà

Óñòðîéñòâî, îæèäàþùåå îòâåò íà ïåðåäà÷ó îáúÿâèò íåâåðíûì òðàíçàêöèþ, åñëè îíî íå óâèäèò ïåðåõîä íà÷àëà ïàêåòà (SOP) âíóòðè èñòå÷åíèÿ ïåðèîäà îæèäàíèÿ ïîñëå êîíöà ïåðåäà÷è (ïîñëå òîãî, êàê SE0 ïåðåéäåò ê J ñîñòîÿíèþ â EOP). Ýòî ìîæåò ïðîèñõîäèòü ìåæäó ìàðêåðîì IN è ñëåäóþùèì ïàêåòîì äàííûõ èëè ìåæäó ïàêåòîì äàííûõ è ïàêåòîì êâèòèðîâàíèÿ (îáðàòèòåñü ê Ãëàâå 8). Óñòðîéñòâî, îæèäàþùåå îòâåò íå áóäåò áëîêèðîâàíî ðàíüøå 16 âðåìåíàìè ïåðåäà÷è áèòà è ïîñëå 18 âðåìåí ïåðåäà÷è áèòà, èçìåðÿåìûõ íà øòûðüêàõ äàííûõ óñòðîéñòâà ïîñëå êîíöà EOP.(The device expecting the response will not time out before 16 bit times and not after 18 bit times measured at the data pins of the device after the end of the EOP.)  Õîñò íå áóäåò íà÷èíàòü ïåðåäà÷ó ìàðêåðà äëÿ ñëåäóþùåé òðàíçàêöèè ðàíüøå 18 âðåìåíàìè ïåðåäà÷è áèòà (èçìåðÿåìûõ íà øòûðüêàõ äàííûõ) ïîñëå òîãî, êàê îí óâèäèò êîíåö ïàêåòà áåç îòâåòà.

� REF _Ref340653482 \* MERGEFORMAT �Ðèñóíîê 7-22� îïèñûâàåò êîíôèãóðàöèþ øåñòè ïåðåõîäîâ ñèãíàëà (êàáåëåé), êîòîðûå ïðèâîäÿò ê õóäøåìó ñëó÷àþ äîïóñòèìîé çàäåðæêè ñèãíàëà. Ìàêñèìàëüíàÿ çàäåðæêà ðàñïðîñòðàíåíèÿ îò upstream êîíöà êàáåëÿ êîíöåíòðàòîðà ê ëþáîìó downstream êîííåêòîðó ïîðòà ñîñòàâëÿåò 70 íñ.
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �22�.  Ìîäåëü ñàìîãî  ïëîõîãî ñëó÷àÿ çàäåðæêè ñèãíàëà îò êîíöà äî êîíöà

�Ðàñïðåäåëåíèå ïèòàíèÿ

Ýòîò ðàçäåë îïèñûâàåò ñïåöèôèêàöèþ ðàçâîäêè ïèòàíèÿ USB.

Êëàññû Óñòðîéñòâ

Òðåáîâàíèÿ ïî ìîùíîñòè èñòî÷íèêîâ è ñòîêîâ ðàçëè÷íûõ êëàññîâ óñòðîéñòâà ìîæåò áûòü óïðîùåíà ñ ââåäåíèåì êîíöåïöèè íàãðóçêè íà ìîäóëü. Íàãðóçêà íà ìîäóëü îïðåäåëåíà â 100 ìA.

USB ðàçäåëÿåò óñòðîéñòâà ïî òîìó ê êàêîé êàòåãîðèè ïî ïîòðåáëåíèþ ìîùíîñòè îíè îòíîñÿòñÿ; ñóùåñòâóþò ñëåäóþùèå êàòåãîðèè:

Ïèòàþùèåñÿ îò øèíû êîíöåíòðàòîðû- Ïîòðåáëÿþò âñþ ìîùíîñòü ëþáûìè âíóòðåííèìè ôóíêöèÿì è downstream ïîðòàìè îò ìîùíîñòè øòûðüêîâ êîííåêòîðà USB. Ìîãóò ñîñòàâëÿòü îäíó ïîäêëþ÷åííóþ íàãðóçêó è îáùåå êîëè÷åñòâî ïÿòè íàãðóçîê, êîòîðûå ðàçäåëåíû ìåæäó ëþáûìè âíåäðåííûìè ôóíêöèÿìè è âíåøíèìè ïîðòàìè. Âíåøíèå ïîðòû ïèòàþùåãîñÿ îò øèíû êîíöåíòðàòîðà ìîãóò îáåñïå÷èâàòü òîëüêî îäíó íàãðóçêó íà ïîðò íåçàâèñèìî îò ïîòðåáëÿåìîãî òîêà äðóãèìè ïîðòàìè òîãî æå êîíöåíòðàòîðà. Êîíöåíòðàòîð äîëæåí áûòü ñïîñîáåí îáåñïå÷èòü ýòîò òåêóùèé ïîðò, êîãäà êîíöåíòðàòîð íàõîäèòñÿ â àêòèâíîì èëè ïîäâåøåííîè îæèäàíèÿ.

Êîíöåíòðàòîðû ñ íåçàâèñèìûì ïèòàíèåì - Ìîùíîñòü äëÿ âíóòðåííèõ ôóíêöèé è downstream ïîðòîâ áåðåòñÿ íå îò USB, õîòÿ èíòåðôåéñ USB ìîæåò ñîñòàâëÿòü îäíó íàãðóçêó upstream ñîåäèíåíèÿ, ÷òî ïîçâîëèòü èíòåðôåéñó ôóíêöèîíèðîâàòü, êîãäà îñòàâøèéñÿ êîíöåíòðàòîð íå ïîä ïèòàíèåì.( Power for the internal functions and downstream ports does not come from USB, although the USB interface may draw up to one load from its upstream connection to allow the interface to function when the remainder of the hub is powered down.) Êîíöåíòðàòîð äîëæåí áûòü ñïîñîáåí îáåñïå÷èòü äî ïÿòè íàãðóçî÷íûõ ìîäóëå íà âñåõ âíåøíèõ downstream ïîðòàõ äàæå, êîãäà êîíöåíòðàòîð íàõîäèòñÿ â ñîñòîÿíèè îæèäàíèÿ.

Ìàëî ìîùíûå ïîäêëþ÷åííûå ê øèíå ôóíêöèè- Âñÿ ìîùíîñòü äëÿ ýòèõ óñòðîéñòâ áåðåòñÿ îò êîííåêòîðà USB. Îíè ìîãóò ïîòðåáëÿòü íå áîëüøå, ÷åì îäíó ìîäóëüíóþ íàãðóçêó â ëþáîå âðåìÿ.

Âûñîêî ìîùíûå ïîäêëþ÷åííûå ê øèíå ôóíêöèè  - Âñÿ ìîùíîñòü äëÿ ýòèõ óñòðîéñòâ áåðåòñÿ îò êîííåêòîðà USB. Îíè äîëæíû ïîòðåáëÿòü íå áîëüøå, ÷åì îäíó ìîäóëüíóþ íàãðóçêó ïðè âêëþ÷åíèè è ìîãóò ñîñòàâëÿòü äî ïÿòè ìîäóëüíûõ íàãðóçîê ïîñëå òîãî, êàê ñêîíôèãóðèðîâàíû.

Ôóíêöèè ñ íåçàâèñèìûì ïèòàíèåì - Ìîæåò ñîñòàâëÿòü îäíó íàãðóçêó íà upstream ñîåäèíåíèå, ÷òî ïîçâîëèò èíòåðôåéñó ôóíêöèîíèðîâàòü, êîãäà îñòàòîê îò êîíöåíòðàòîðà âûêëþ÷åí.(May draw up to one load from their upstream connection to allow the interface to function when the remainder of the hub is powered down.) Âñÿ îñòàëüíàÿ ìîùíîñòü áåðåòñÿ îò âíåøíèõ (ê USB) èñòî÷íèêîâ.

Êîíöåíòðàòîð íà õîñòå â íàñòîëüíîì êîìïüþòåðå - ýòî êîíöåíòðàòîð ñ íåçàâèñèìûì ïèòàíèåì. Òîò æå ñàìûé êîíöåíòðàòîð â íîóòáóêå ìîæåò áûòü îïðåäåëåí, êàê ñ íåçàâèñèìûì ïèòàíèåì èëè êàê ïèòàþùèìñÿ îò øèíû êîíöåíòðàòîðîì.

Âñå óñòðîéñòâà èëè ïèòàþùèåñÿ îò øèíû èëè ñ íåçàâèñèìûì ïèòàíèåì, ìîãóò òîëüêî ïîòðåáëÿòü (êàê ñòîê), òîê èç øèíû. Îíè íå äîëæíû îáåñïå÷èâàòü òîê ââåðõ ïî èåðàðõèè õîñòó èëè ïîðòó êîíöåíòðàòîðà.  Ïðè âêëþ÷åíèè, âñå óñòðîéñòâà äîëæíû îáåñïå÷èòü, ÷òîáû èõ upstream ïîðò áûë íå ðàáîòàþùèì(enabled), òàê ÷òîáû óñòðîéñòâî áûëî ñïîñîáíî ïîëó÷èòü ïåðåäà÷ó ñèãíàëîâ ñáðîñà, è ÷òî ìàêñèìàëüíî äåéñòâóþùèé òîê, ïîòðåáëÿåìûé óñòðîéñòâîì ÿâëÿåòñÿ îäíîé  ìîäóëüíîé íàãðóçêîé. Åñëè óñòðîéñòâî ïîòðåáëÿåò ìîùíîñòü îò øèíû, âíóòðåííåå ïèòàíèå ïîëó÷àåìîå îò Vbus äîëæíî áûòü óñòîé÷èâî âíóòðè 100 ìñ äëÿ äîñòèæåíèÿ Vbus 4.4 Â.(If a device draws power from the bus, its internal supply derived from Vbus must be stable within 100 ms of Vbus reaching 4.4 V.) Âñå óñòðîéñòâà, êîòîðûå ïîòðåáëÿþò ìîùíîñòü îò øèíû, äîëæíû áûòü ñïîñîáíû, ïåðåõîäèòü â ïîäâåøåííîå ñîñòîÿíèå è óìåíüøàþò ñâîå ïîòðåáëåíèå òîêà îò Vbus äî ìåíåå ÷åì 500 ìêÀ (îáðàòèòåñü ê Ðàçäåëó 7.1.4.4 è Ðàçäåëó 9.2.5.1).

Ïèòàþùèåñÿ îò øèíû êîíöåíòðàòîðû

Âûøåóïîìÿíóòûå òðåáîâàíèÿ ìîãóò áûòü âûïîëíåíû äëÿ ïèòàþùèõñÿ îò øèíû êîíöåíòðàòîðîâ ñî ñõåìîé óïðàâëåíèÿ ìîùíîñòè òàêèõ êàê ïîêàçàíî íà � REF _Ref311516737 \* MERGEFORMAT �Ðèñóíîê 7-23�.  Ïèòàþùèåñÿ îò øèíû êîíöåíòðàòîðû ÷àñòî ñîäåðæàò ïî êðàéíåé ìåðå îäíó âíåäðåííóþ ôóíêöèþ. Ìîùíîñòü âñåãäà äîñòóïíà êîíòðîëëåðó êîíöåíòðàòîðà, êîòîðûé ðàçðåøàåò õîñòó äîñòóï ê óïðàâëåíèþ ïèòàíèåì è äðóãèì ðåãèñòðàì êîíôèãóðàöèè â òå÷åíèå ïðîöåññà ïåðåíóìåðàöèè. Âíåäðåííàÿ ôóíêöèÿ ìîæåò òðåáîâàòü, ÷òîáû ìîùíîñòü áûëà ïåðåêëþ÷åíà, òàê, ÷òîáû ïîñëå âêëþ÷åíèÿ ïèòàíèÿ âñå óñòðîéñòâà(êîíöåíòðàòîð è âíåäðåííûå ôóíêöèè) ïîòðåáëÿëè íå áîëåå, ÷åì îäíó ìîäóëüíóþ íàãðóçêó. Ïåðåêëþ÷åíèå ìîùíîñòè îò ëþáîé âíåäðåííîé ôóíêöèè ìîæåò áûòü âûïîëíåíî èëè óäàëåíèåì ìîùíîñòè èëè îòêëþ÷åíèåì ÷àñîâ. Âêëþ÷åíèå âíåäðåííîé ôóíêöèè íå òðåáóåòñÿ, åñëè îáùàÿ ìîùíîñòü, ïîòðåáëÿåìàÿ åþ è êîíòðîëëåðîì êîíöåíòðàòîðà ìåíüøå, ÷åì îäíà ìîäóëüíàÿ íàãðóçêà. Îáùèé òîê, ïîòðåáëÿåìûé ïèòàþùèìñÿ îò øèíû óñòðîéñòâîì - ýòî ñóììà òîêà íà êîíòðîëëåð êîíöåíòðàòîðà, ëþáîé âíåäðåííîé ôóíêöèè(é), è downstream ïîðòàõ.

� REF _Ref311516737 \* MERGEFORMAT �Ðèñóíîê 7-23� ïîêàçûâàåò ðàçäåëåíèå îñíîâàííîé ìîùíîñòè ìàêñèìàëüíîãî upstream òîêà ìåæäó ïÿòüþ íàãðóçêàìè: îäíà ìîäóëüíàÿ íàãðóçêà äëÿ êîíòðîëëåðà êîíöåíòðàòîðà è âíåäðåííîé ôóíêöèè, è ïî îäíîé íàãðóçêå äëÿ êàæäîãî èç downstream ïîðòîâ. Ìàêñèìàëüíîå ÷èñëî downstream ïîðòîâ, êîòîðûå ìîãóò îáåñïå÷èâàòüñÿ,  îãðàíè÷åíî ÷åòûðüìÿ. Åñëè òðåáóåòñÿ áîëüøåå êîëè÷åñòâî ïîðòîâ, òî êîíöåíòðàòîð äîëæåí áûòü ñ íåçàâèñèìûì ïèòàíèåì. Åñëè âíåäðåííàÿ ôóíêöèÿ(è) è êîíòðîëëåð êîíöåíòðàòîðà ïîòðåáëÿþò áîëåå ÷åì îäíó ìîäóëüíóþ íàãðóçêó, òî ÷èñëî ïîðòîâ áóäåò ñîîòâåòñòâåííî óìåíüøåíî. Äëÿ óïðàâëåíèå ìîùíîñòüþ ïèòàþùåìóñÿ îò øèíû êîíöåíòðàòîðó ìîæåò ïîòðåáîâàòüñÿ ðåãóëÿòîð. Åñëè åñòü ðåãóëÿòîð, îí âñåãäà îáåñïå÷èâàåò äîïóñê êîíòðîëëåð êîíöåíòðàòîðó.(If present, the regulator is always enabled to supply the hub controller.) Ðåãóëÿòîð ìîæåò òàêæå ðåãóëèðîâàòü ìîùíîñòü âíåäðåííîé ôóíêöèè(é).( The regulator can also power the embedded functions(s).)  Ñëåæåíèå çà îãðàíè÷åíèåì òîêà íàïëûâà äîëæíî áûòü òàêæå âêëþ÷åíî â ïîäñèñòåìó ðåãóëÿòîðà.
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �23�.  Ñîñòàâ Êîíöåíòðàòîðà Ïèòàþùåãîñÿ îò Øèíû 

Ìîùíîñòü ê downstream ïîðòàì äîëæíà áûòü ïåðåêëþ÷åíà. Êîíòðîëëåð êîíöåíòðàòîðà âûäàåò óïðàâëÿþùåìó ïðîãðàììíîìó îáåñïå÷åíèþ, ñèãíàëû âêë\âûêë îò õîñòà, êîòîðûé íàõîäèòñÿ â “âûêë” ñîñòîÿíèè, êîãäà óñòðîéñòâî âêëþ÷åíî èëè ïîñëå ïåðåäà÷è ñèãíàëîâ ñáðîñà. Êîãäà ïåðåêëþ÷åíî â “âêë” ñîñòîÿíèå, ïåðåêëþ÷àòåëü îñóùåñòâëÿåò ïðîãðàììíîå ïåðåêëþ÷åíèå ôóíêöèè, ÷òî ïðåäîòâðàùàåò ÷ðåçìåðíûé ïåðåïàä ïîòðåáëÿåìîãî òîêà èç ïîðòà upstream. Ñíèæåíèå íàïðÿæåíèÿ â upstream êàáåëå, êîííåêòîðàõ, è ïåðåêëþ÷àòåëÿõ â ïèòàþùåìñÿ îò øèíû êîíöåíòðàòîðå íå äîëæíî ïðåâûñèòü 350 mV ïðè ìàêñèìàëüíîì íîìèíàëüíîì òîêå.

Êîíöåíòðàòîðû ñ íåçàâèñèìûì ïèòàíèåì

Êîíöåíòðàòîðû ñ íåçàâèñèìûì ïèòàíèåì èìåþò ëîêàëüíîå ïèòàíèå, êîòîðîå ñíàáæàåò ìîùíîñòüþ ëþáûå âíåäðåííûå ôóíêöèÿì è âñå downstream ïîðòû, êàê ïîêàçàíî íà � REF _Ref311516798 \* MERGEFORMAT �Ðèñóíêå 7-24�.  Ìîùíîñòü äëÿ êîíòðîëëåðà êîíöåíòðàòîðà, îäíàêî, ìîæåò áûòü âçÿòà èëè èç ïîðòà upstream (“ãèáðèäíîå” ïèòàíèå êîíöåíòðàòîðà) èëè êàê ëîêàëüíîå ïèòàíèå. Ïðåèìóùåñòâî îáåñïå÷åíèÿ êîíòðîëëåðà êîíöåíòðàòîðà ïèòàíèåì îò upstream - ýòî ñâÿçü ñ õîñòîì, âîçìîæíàÿ, äàæå åñëè ïèòàíèå óñòðîéñòâà îñòàåòñÿ âûêëþ÷åííûì. Ýòî äåëàåò âîçìîæíûì ðàçëè÷àòü íåïîäêëþ÷åííîå è íå âêëþ÷åííîå óñòðîéñòâî. 
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �24�.  Ñîñòàâ Êîíöåíòðàòîðà ñ Íåçàâèñèìûì Ïèòàíèåì

Ìîùíîñòü ïðåäîñòàâëÿåòñÿ âñåì downstream ïîðòàì îò ëîêàëüíîãî èñòî÷íèêà ïèòàíèÿ. ×èñëî ïîðòîâ, êîòîðûå ìîãóò çàïèòûâàòüñÿ, îãðàíè÷åí òîëüêî òåì, ñêîëüêî âîçìîæíî ëîêàëüíî ïðåäîñòàâèòü ïèòàíèÿ è â ñîîòâåòñòâèè ñ ïðàâèëàìè áåçîïàñíîñòè. Ïðèåìëåìûé ìàêñèìóì - ñåìü ïîðòîâ. Êàæäûé ïîðò äîëæåí áûòü ñïîñîáåí ê îáåñïå÷åíèþ ïî êðàéíåé ìåðå ïÿòü ìîäóëüíûõ íàãðóçîê. Îäíàêî, íèêàêîé îäèíî÷íûé ïîðò íå ìîæåò ïîñòàâëÿòü áîëüøå ÷åì 5.0 À, â ñîîòâåòñòâèè ñ îãðàíè÷åíèåì áåçîïàñíîñòè. Îãðàíè÷åíèå òîêà íà downstream ïîðòàõ èíîãäà íåîáõîäèìî ðàçáèòü íà ðàçäåëû â äâå èëè áîëüøèå ïîäãðóïïû ïîðòîâ, ÷òîáû ïðåäîñòàâèòü äîñòàòî÷íóþ ìîùíîñòü âñåì ïîðòàì áåç òîãî, ÷òîáû ïðåâûñèòü îãðàíè÷åíèå ïî òîêó íà îäèí ïîðò. Åñëè âñå ñåìü ïîðòîâ áûëè ñìîíòèðîâàíû â ïàðàëëåëü, äîñòóïíûé òîê â äàííîì ïîðòå áóäåò 7 * 500 ìÀ = 3.5 À.  Ýòî - î÷åíü áëèçêî ê îãðàíè÷åíèþ áåçîïàñíîñòè. Ïðè ðåàëèçàöèè äâóõ ñõåì îãðàíè÷åíèÿ òîêà, ìàêñèìàëüíî íåîáõîäèìûé òîê, ïðè îïåðàöèè,  óìåíüøàåòñÿ äî 1.5 - 2.0 A, ÷òî äàåò õîðîøèé çàïàñ ïî áåçîïàñíîñòè.

Overcurrent Çàùèòà

Õîñò è âñå êîíöåíòðàòîðû ñ íåçàâèñèìûì ïèòàíèåì äîëæåí âûïîëíèòü overcurrent çàùèòó èç ñîîáðàæåíèé áåçîïàñíîñòè, è îíè äîëæíû èìåòü ñïîñîá îáíàðóæèòü óñëîâèå overcurrent è ñîîáùàòü îá ýòîì ïðîãðàììíîìó îáåñïå÷åíèþ USB.  Åñëè îáùèé òîê, ïîòðåáëÿåìûé ãðóïïîé downstream ïîðòîâ ïðåâûøàåò ïðåäâàðèòåëüíî óñòàíîâëåííîå çíà÷åíèå, overcurrent çàùèòíèê óäàëÿåò ìîùíîñòü èç âñåõ downstream ïîðòîâ è ñîîáùàåò óñëîâèå ÷åðåç êîíöåíòðàòîð ê õîñò êîíòðîëëåðó. Ïðåäâàðèòåëüíî óñòàíîâëåííîå çíà÷åíèå íå ìîæåò ïðåâûøàòü 5.0 A è äîëæíî áûòü äîñòàòî÷íî âûøå ìàêñèìàëüíîãî äîïóñòèìîãî òîêà ïîðòà òàêîãî, ÷òîáû âêëþ÷åííèå èëè äèíàìè÷åñêîå ïðèñîåäèíåííåíèå ïðåõîäíîãî òîê, íå âûçûâàëè ñðàáàòûâàíèå overcurrent çàùèòíèêà. Åñëè óñëîâèå overcurrent ïðîèñõîäèò íà ëþáîì ïîðòå, ïîñëåäóþùàÿ îïåðàöèÿ íå ãàðàíòèðóåòñÿ USB, è åñëè äàííîå óñëîâèå óäàëåíî, ìîæåò áûòü íåîáõîäèìî ïîâòîðíî  èíèöèàëèçèðîâàòü øèíó, êàê ïðîèñõîäèò ïîñëå âêëþ÷åíèÿ ïèòàíèÿ. Ñèñòåìû Overcurrent îãðàíè÷åíèÿ ìîãóò âêëþ÷àòü ïîëè ïëàâêèå ïðåäîõðàíèòåëè, ñòàíäàðòíûå ïëàâêèå ïðåäîõðàíèòåëè, èëè íåêîòîðûé òèï ïåðåêëþ÷àòåëÿ áåç äðåáåçãà.(Overcurrent limiting methods can include poly fuses, standard fuses, or some type of solid state switch.) Åäèíñòâåííîå òðåáîâàíèå ÷òîáû òîê áûë îãðàíè÷åí ïÿòüþ ìîäóëüíûìè íàãðóçêàìè íà ïîðò è ÷òî õîñòó ñîîáùàåòñÿ îá óñëîâèè overcurrent.

Îãðàíè÷åíèå òîêà íå äîëæíî ïðîèçîéòè, äàæå åñëè ñêîíôèãóðèðîâàíà çàïðåùåííàÿ òîïîëîãèÿ , èç-çà çàùèòû, ïðåäîñòàâëÿåìîé ïåðåêëþ÷åíèåì ìîùíîñòè â âûñîêî ìîùíîñòíûõ ôóíêöèÿõ è ïèòàþùèõñÿ îò øèíû êîíöåíòðàòîðàõ. Âìåñòî ýòîãî, overcurrent ñõåìû èñïîëüçóþòñÿ, ÷òîáû çàùèòèòü îò êàòàñòðîôè÷åñêèõ îòêàçîâ óñòðîéñòâ, îøèáîê ïðîãðàììíîãî îáåñïå÷åíèÿ, êîòîðûå âêëþ÷àþò óñòðîéñòâà, êîãäà çàïàñ ïî òîêó áûë ïðåâûøåí, è äåéñòâèÿ ïîëüçîâàòåëÿ òèïà çàêàðà÷èâàíèÿ âíåøíèõ øòûðüêîâ êîííåêòîðà.

Èçîëÿöèÿ Ïèòàíèÿ

� REF _Ref311516798 \* MERGEFORMAT �Ðèñóíîê 7-24� Îñíîâûâàåòñÿ íà óñëîâèè òîãî, ÷òî ëîêàëüíîå ïèòàíèå ñîâìåñòíî ñ upstream è downstream ïîðòàìè èñïîëüçóþò îáùóþ çåìëþ. Vbus, îäíàêî, èçîëèðîâàí îò Vbus ïîðòà upstream. Èìååòñÿ äîïîëíèòåëüíîå òðåáîâàíèå, ÷òîáû çåìëÿ êîðïóñà (åñëè ñóùåñòâóåò òîëüêî îäèí) êîíöåíòðàòîðà ñ íåçàâèñèìûì ïèòàíèåì áûëà èçîëèðîâàíà DC îò çåìëè ñèãíàëà USB. Çåìëÿ êîðïóñà ñîåäèíÿåòñÿ ñ çåìëåé 120 Vac ñèëîâûì êàáåëåì, è íåò íèêàêîé ãàðàíòèè, ÷òî çåìëÿ AC äâóõ ðàçëè÷íûõ âûâîäîâ íàõîäèòñÿ â òîì æå ñàìîì ïîòåíöèàëå. Îòêàç ñîáëþäàòü ýòó ïðåäîñòîðîæíîñòü ìîæåò ïðèâîäèòü ê áîëüøèì íèçêî ÷àñòîòíûì òîêàì, ïðîõîäÿùèì ïî çåìëå USB.

Ìàëî ìîùíûå ïîäêëþ÷åííûå ê øèíå ôóíêöèè

Ìàëî ìîùíîé ôóíêöèåé íàçûâàþò òàêóþ ôóíêöèþ, êîòîðàÿ ïîòðåáëÿåò ìåíåå ÷åì îäíó ìîäóëüíóþ íàãðóçêó èç êàáåëÿ USB ïðè ëþáûõ îïåðàöèÿõ. Áëîê ðåãóëÿòîðà äîëæåí îãðàíè÷èòü è îò òîêà íàïëûâà è îáåñïå÷èâàòü íåîáõîäèìîå íàïðÿæåíèå äëÿ ñîîòâåòñòâóþùèõ óðîâíåé ïåðåäà÷è ñèãíàëîâ.  � REF _Ref311517128 \* MERGEFORMAT �Ðèñóíîê 7-25� ïîêàçûâàåò òèïè÷íóþ ïèòàþùóþñÿ îò øèíû ìàëî ìîùíóþ ôóíêöèþ, òèïà ìûøè. Ðåãóëèðîâàíèå ìàëîé ìîùíîñòè ìîæåò áûòü èíòåãðèðîâàíî â êðåìíèé ôóíêöèè. Äëÿ áîëåå âûñîêèõ òîêîâ, â äèàïàçîíå îò 20 mA äî 100 mA, ìîæåò èñïîëüçîâàòüñÿ ëèíåéíûé ðåãóëÿòîð IC. Ìàëî ìîùíûå ôóíêöèè äîëæíû áûòü ñïîñîáíû îïåðèðîâàòü ñ âõîäíûì Vbus íàïðÿæåíèåì òàêèì íèçêèì êàê 4.40 V, èçìåðÿåìûì íà ðàçúåìå êîíöà êàáåëÿ.

� EMBED Word.Picture.6  ���

Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �25�.  Ìàëî Ìîùíàÿ Ôóíêöèÿ

Âûñîêî ìîùíûå ïîäêëþ÷åííûå ê øèíå ôóíêöèè  

Ôóíêöèÿ îïðåäåëåíà êàê âûñîêî ìîùíàÿ, åñëè ïðè ïîëíîì âêëþ÷åíèè îíà ïîòðåáëÿåò áîëåå îäíîé è ìàêñèìóì ïÿòè ìîäóëüíûõ íàãðóçîê èç êàáåëÿ USB. Âûñîêî ìîùíàÿ ôóíêöèÿ òðåáóåò îðãàíèçàöèè ïåðåêëþ÷åíèÿ ìîùíîñòè.  Ñíà÷àëà íåîáõîäèìî â óìåíüøèòü ìîùíîñòü äî ñîñòîÿíèÿ ìåíüøåå ÷åì îäíîé ìîäóëüíîé íàãðóçêè. Â ïåðå÷íå âðåìåíè øèíû, îáùèå òðåáîâàíèÿ ïî ìîùíîñòè ïîëó÷åíû è ñðàâíèâàþòñÿ ñ äîñòóïíûì çàïàñîì ìîùíîñòè. Åñëè ñóùåñòâóåò äîñòàòî÷íî ìîùíîñòè â çàïàñå ìîùíîñòè, îñòàòîê îò ôóíêöèè ìîæåò áûòü ïîäêëþ÷åí. Åñëè íåäîñòàòî÷íî äîñòóïíîé ìîùíîñòè, îñòàòîê îò ôóíêöèè íå ïîäêëþ÷àåòñÿ, è ïîñûëàåòñÿ êëèåíòó ïðåäóïðåæäàþùåå ñîîáùåíèå îá îãðàíè÷åíèè íà ìîùíîñòü. Âûñîêî ìîùíàÿ ôóíêöèÿ ïîêàçàíà íà � REF _Ref311517229 \* MERGEFORMAT �Ðèñóíêå 7-26�. Ýëåêòðîíèêà ôóíêöèè áûëà ðàçáèòà íà ðàçäåëû â äâà ðàçäåëà; êîíòðîëëåð ôóíêöèè ñîäåðæàùèé ìèíèìàëüíîå êîëè÷åñòâî ñõåì, íåîáõîäèìîé ðàçðåøèòü ïåðåíîìåðîâàíèå è ïëàíèðîâàíèå ìîùíîñòè. Îñòàòîê îò ôóíêöèè ïîñòîÿííî íàõîäèòñÿ â  áëîêå ôóíêöèè.  Âûñîêî ìîùíûå ôóíêöèè äîëæíû áûòü ñïîñîáíû ê ðàáîòå ïðè ìàëî ìîùíîì (îäíà ìîäóëüíàÿ íàãðóçêà) ðåæèìå ñî âõîäíûì íàïðÿæåíèåì òàêèì íèçêèì êàê 4.40 V, òàê, ÷òîáû îíà ðàáîòàëà äàæå êîãäà ïîäêëþ÷åíà ê ïèòàþùåìóñÿ îò øèíû êîíöåíòðàòîðó.  Îíè äîëæíû òàêæå áûòü ñïîñîáíû ê ðàáîòå â ïîëíîé ìîùíîñòè (äî ïÿòè ìîäóëüíûõ íàãðóçîê) ñî âõîäíûì Vbus íàïðÿæåíèåì 4.75 V, èçìåðÿåìîãî íà upstream ðàçúåìå êîíöà êàáåëÿ.
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �26�.  Âûñîêî Ìîùíàÿ, Ïèòàþùàÿñÿ îò Øèíû Ôóíêöèÿ

Ôóíêöèè ñ íåçàâèñèìûì ïèòàíèåì 

� REF _Ref311517263 \* MERGEFORMAT �Ðèñóíîê 7-27� Ïîêàçûâàåò ôóíêöèþ ñ íåçàâèñèìûì ïèòàíèåì.  Êîíòðîëëåð ôóíêöèè(function controller) ïîäêëþ÷åí èëè ê upstream øèíå ÷åðåç ðåãóëÿòîð ìàëîé ìîùíîñòè èëè ê ëîêàëüíîìó ïèòàíèþ. Ïðåèìóùåñòâî âûøåóïîìÿíóòîé ñõåìû, ÷òî çäåñü âîçìîæíî îáíàðóæåíèå è ïåðå÷åíü ôóíêöèè ñ íåçàâèñèìûì ïèòàíèåì, ïðè âûêëþ÷åíîì ëîêàëüíîì ïèòàíèè. Êîãäà êîíòðîëëåð ôóíêöèè âíåøíå ïîäêëþ÷åí, ìàêñèìàëüíàÿ ìîùíîñòü upstream, êîòîðóþ îí ìîæåò ïîòðåáëÿòü - îäíà ìîäóëüíàÿ íàãðóçêà, è áëîê ðåãóëèðîâàíèÿ äîëæåí âûïîëíèòü îãðàíè÷åíèå òîêà íàïëûâà. Êîëè÷åñòâî ìîùíîñòè, ìîæåò ïîòðåáëÿòü êîòîðóþ áëîê ôóíêöèè,  îãðàíè÷åíî òîëüêî ëîêàëüíûì ïèòàíèåì. Òàê êàê äëÿ ëîêàëüíîãî ïèòàíèÿ íå òðåáóåòñÿ çàïèòûâàòü ëþáûå downstream ïîðòû øèíû, íå òðåáóåòñÿ è âûïîëíÿòü îãðàíè÷åíèå ïî òîêó, ïëàâíîå âêëþ÷åíèå, èëè ïåðåêëþ÷åíèå ìîùíîñòè.

Ôóíêöèè ñ íåçàâèñèìûì ïèòàíèåì äîëæíû òâåðäî ïðèäåðæàòüñÿ òåõ æå ñàìûõ ïðàâèë çàçåìëåíèÿ è Vbus èçîëÿöèè êàê è êîíöåíòðàòîðû ñ íåçàâèñèìûì ïèòàíèåì.

�

Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �27�.  Ôóíêöèÿ ñ Íåçàâèñèìûì Ïèòàíèåì

Çàïàñ Ñíèæåíèÿ Íàïðÿæåíèÿ Voltage Drop Budget

Çàïàñ ñíèæåíèÿ íàïðÿæåíèÿ îïðåäåëÿåòñÿ èç:

Íàïðÿæåíèå, îáåñïå÷åííîå õîñòîì èëè âêëþ÷åííûìè ïîðòàìè êîíöåíòðàòîðà  4.75 V - 5.25 V.

Ïèòàþùèåñÿ îò øèíû êîíöåíòðàòîðû ìîãóò èìåòü ìàêñèìàëüíîå ñíèæåíèå 350 ìÂ â ñâîèõ êàáåëüíûõ ðàçúåìàõ, ãäå îíè ïðèñîåäèíÿþòñÿ ê èñòî÷íèêó ìîùíîñòè íà ñâîèõ âûõîäíûõ êîííåêòîðàõ ïîðòà, ãäå îíè îáåñïå÷èâàþò èñòî÷íèê ìîùíîñòè.(Bus-powered hubs can have a maximum drop of 350 mV from their cable plug where they attach to a source of power to their output port connectors where they supply a source of power.)

Âñå êîíöåíòðàòîðû è ôóíêöèè äîëæíû áûòü ñïîñîáíû ïðåäîñòàâèòü èíôîðìàöèþ î êîíôèãóðàöèè ïðè íàïðÿæåíèåì â 4.40 Â íà êîíöàõ êîííåêòîðîâ ñâîèõ êàáåëåé upstream. Òîëüêî ìàëî ìîùíûå ôóíêöèè äîëæíû áûòü ñïîñîáíûìè áûòü ïîëíîñòüþ ðàáîòîñïîñîáíû ïðè ýòîì ìèíèìàëüíîì íàïðÿæåíèè.

Ôóíêöèè, ïîòðåáëÿþùèå áîëåå ÷åì îäíó ìîäóëüíóþ íàãðóçêó äîëæíû ýêñïëóàòèðîâàòü ñ ìèíèìàëüíûì âõîäíûì íàïðÿæåíèåì 4.75 Â íà êîíöàõ êîííåêòîðîâ ñâîèõ upstream êàáåëåé.

� REF _Ref311517305 \* MERGEFORMAT �Ðèñóíîê 7-28� ïîêàçûâàåò ìèíèìàëüíî äîïóñòèìûå íàïðÿæåíèÿ â ñëó÷àÿ ñàìîé ïëîõîé òîïîëîãèè, ñîñòîÿùåé èç ïèòàþùåãîñÿ îò øèíû êîíöåíòðàòîðà, ïèòàþùåãî ïèòàþùóþñÿ îò øèíû ôóíêöèþ.

� EMBED Word.Picture.6  ���

Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �28�.  Ñàìûé ïëîõîé Ñëó÷àÿ Òîïîëîãèè Ñíèæåíèÿ Íàïðÿæåíèÿ

Ýòè òðåáîâàíèÿ óñòàíàâëèâàþò ñòðîãèå îãðàíè÷åíèÿ íà êàáåëü è êîííåêòîð IR ñíèæåíèÿ (îáðàòèòåñü ê Ðàçäåëó 6.4) è ñíèæåíèÿì ïåðåêëþ÷àòåëÿ ïîðòà. Îäíàêî, îíè äîëæíû áûòü äîñòèæèìû ïðè ñóùåñòâóþùèõ òåõíîëîãèÿõ çà ïðèåìëåìóþ ñòîèìîñòü.

Óïðàâëåíèå Ìîùíîñòüþ â Òå÷åíèå Ïîäâåøåííîãî/Âîçîáíîâëåííîãî ñîñòîÿíèÿõ

Êîãäà óñòðîéñòâî íàõîäèòñÿ â ïîäâåøåííîì ðåæèìå, îíî äîëæíî ïîòðåáëÿòü ìåíåå ÷åì 500 (A îò øèíû. Ýòîò òîê âêëþ÷àåò ìîùíîñòü, ïîòðåáëÿåìóþ ÷åðåç øèíó, ïðèñîåäèíåííóþ ê ïèòàíèþ è ïðèñîåäèíåííóþ ê çåìëå. Äëÿ ïèòàþùèõñÿ îò øèíû êîíöåíòðàòîðîâ, ýòîò òîê íå âêëþ÷àåò òîêà, ïîòðåáëÿåìîãî âêëþ÷åííûìè óñòðîéñòâàìè, ñîåäèíåííûìè ñ downstream ïîðòàìè.

Êîãäà êîíöåíòðàòîð íàõîäèòñÿ â ïîäâåøåííîì ðåæèìå, îí âñå åùå äîëæåí áûòü ñïîñîáåí îáåñïå÷èòü ìàêñèìàëüíûé òîê íà ïîðò (îäèí ìîäóëü òîêà íà ïîðò äëÿ ïèòàþùèõñÿ îò øèíû êîíöåíòðàòîðîâ è ïÿòè ìîäóëåé íà ïîðò äëÿ êîíöåíòðàòîðîâ ñ íåçàâèñèìûì ïèòàíèåì). Ýòî íåîáõîäèìî äëÿ ïîääåðæàíèÿ âîçìîæíîñòè óäàëåííîãî ïðîáóæäåíèÿ óñòðîéñòâ, íà êîòîðûå áóäåò ïîäàíî ïèòàíèå, â òî âðåìÿ êàê îñòàòîê îò ñèñòåìû áóäåò âñå åùå ïðèîñòàíîâëåí.

Ïðè ïðîáóæäåíèè óñòðîéñòâ, èëè ñàìîñòîÿòåëüíîå (óäàëåííîå ïðîáóæäåíèå) èëè âèäÿ âîçîáíîâëåííóþ ïåðåäà÷ó ñèãíàëîâ, îíè äîëæíû îãðàíè÷èòü òîê íàïëûâà íà Vbus.  Âûõîäíîå ìàêñèìàëüíîå ñíèæåíèå íà êîíöåíòðàòîðå Vbus 330 ìÂ èëè ïðèáëèçèòåëüíî 10% îò íîìèíàëüíîãî êîëåáàíèÿ ñèãíàëà îò ôóíêöèè. Óñòðîéñòâî äîëæíî èìåòü äîñòàòî÷íóþ åìêîñòü øóíòèðîâàíèÿ êîðïóñà(on-board bypass capacitance) èëè óïðàâëÿåìóþ ïîñëåäîâàòåëüíîñòü âêëþ÷åíèÿ òàêîé, ÷òî òîê, ïîòðåáëÿåìûé èç êîíöåíòðàòîðà íå ïðåâûøàåò ìàêñèìàëüíî âîçìîæíûé òîê ïîðòà â ëþáîå âðåìÿ, â òî âðåìÿ êàê óñòðîéñòâî ïðîáóæäàåòñÿ.

Äèíàìè÷åñêîå Ïðèñîåäèíåíèå è Îòñîåäèíåíèå

Äåéñòâèå ïîäêëþ÷åíèÿ èëè îòêëþ÷åíèÿ êîíöåíòðàòîðà èëè ôóíêöèè íå äîëæíî âîçäåéñòâîâàòü íà ôóíêöèîíàëüíûå âîçìîæíîñòè äðóãîãî óñòðîéñòâà íà äðóãèõ ñåãìåíòàõ ñåòè. Îòêëþ÷åíèå ôóíêöèè îñòàíîâèò òðàíçàêöèþ ìåæäó ýòîé ôóíêöèåé è õîñòîì. Îäíàêî, êîíöåíòðàòîð, ê êîòîðîìó ýòà ôóíêöèÿ áûëà ïðèñîåäèíåíà, âîññòàíîâèòñÿ îò ýòîãî óñëîâèÿ è ïðåäóïðåäèò õîñò, ÷òî ïîðò áûë ðàçúåäèíåí.

Îãðàíè÷åíèå Òîêà Íàïëûâà

Êîãäà ôóíêöèÿ èëè êîíöåíòðàòîð ïîäêëþ÷åíû ê ñåòè, âîçíèêàåò íåêîòîðàÿ åìêîñòü êîðïóñà ìåæäó Vbus è çåìëåé. Òàêæå, ðåãóëÿòîð îáåñïå÷èò îáõîäíîé òîê åìêîñòè  âûâîäà è ê ôóíêöèè, êàê òîëüêî áóäåò ïîäàíà ìîùíîñòü.(Also, the regulator will supply current to its output bypass capacitance and to the function as soon as power is applied.) Â ðåçóëüòàòå, åñëè íèêàêèå ìåðû íå ïðèíÿòû äëÿ ïðåäîòâðàùåíèÿ ýòîãî, ìîæåò ïðîèçîéòè êîëåáàíèå òîêà â óñòðîéñòâå, äîñòàòî÷íîå, ÷òîáû ïåðåìåñòèòü Vbus íà êîíöåíòðàòîðå íèæå ìèíèìóìà, äåéñòâóþùåãî óðîâåíü. Òîêè íàïëûâà ìîãóò òàêæå ïðîèñõîäèòü, êîãäà âûñîêî ìîùíàÿ ôóíêöèÿ âêëþ÷åíà â ðåæèì âûñîêîé ìîùíîñòè. Ýòà ïðîáëåìà äîëæíà áûòü ðåøåíà îãðàíè÷åíèåì òîêà íàïëûâà è,  îáåñïå÷åíèåì äîñòàòî÷íîé åìêîñòè â êàæäîì êîíöåíòðàòîðå, ÷òîáû ïðåäîòâðàòèòü ïîäà÷ó ìîùíîñòè äðóãèì ïîðòàì âûõîäÿùåé çà äîïóñòèìóþ. Äîïîëíèòåëüíàÿ ìîòèâàöèÿ îãðàíè÷åíèÿ òîêà íàïëûâà ýòî ìèíèìèçàöèÿ îáðàçîâûâàíèÿ äóãè íà êîíòàêòå, òàêèì îáðàçîì ïðîäëåâàÿ æèçíü êîíòàêòà êîííåêòîðà.

Âûõîäíîå ìàêñèìàëüíîå ïàäåíèå â êîíöåíòðàòîðå Vbus - 330 ìÂ èëè ïðèáëèçèòåëüíî 10 % îò íîìèíàëüíîãî êîëåáàíèÿ ñèãíàëà îò ôóíêöèè. ×òîáû  îáðàáîòàòü ýòî ïàäåíèå, äîëæíû âûïîëíÿòüñÿ ñëåäóþùèå óñëîâèÿ :

Ìàêñèìàëüíàÿ íàãðóçêà, êîòîðàÿ ìîæåò áûòü ïîìåùåíà â downstream êîíåö êàáåëÿ - 10 (F ïàðàëëåëüíî ñ 44 (. Åìêîñòü â 10 (Ô èìååò ëþáîé áëîêèðîâî÷íûé êîíäåíñàòîð, íåïîñðåäñòâåííî ñîåäèíåííûé ñ Vbus ëèíèÿìè â ôóíêöèè ïëþñ ëþáûå åìêîñòíûå ýôôåêòû, âèäèìûå ÷åðåç ðåãóëÿòîð â óñòðîéñòâå. 44 ( ðåçèñòîð ïðåäñòàâëÿåò îäíó íàãðóçêó òîêà ìîäóëÿ, ñãåíåðèðîâàííóþ óñòðîéñòâîì â òå÷åíèå ñîåäèíåíèÿ.

Åñëè òðåáóåòñÿ áîëüøå åìêîñòè îáõîäà â óñòðîéñòâå èç-çà áîëüøèõ êîëåáàíèé òîêå â íàãðóçêå, òî óñòðîéñòâî äîëæíî èìåòü íåêîòîðóþ ôîðìó îãðàíè÷èòåëÿ êîëåáàíèÿ òîêà â êàáåëå òàê, ÷òîáû îí ñîîòâåòñòâîâàë õàðàêòåðèñòèêàì âûøåóïîìÿíóòîé íàãðóçêè.

Ïîðò êîíöåíòðàòîðà Vbus ëèíèè ìîùíîñòè äîëæåí áûòü øóíòèðîâàí íå ìåíåå ÷åì 120 (Ô òàíòàëèóìíûé êîíäåíñàòîð (ýêâèâàëåíòíûå àëþìèíèåâûå êîíäåíñàòîðíûå ñ òàêèì çíà÷åíèåì íàõîäÿòñÿ â òåñòèðîâàíèè).Õîðîøèå ñòàíäàðòíûå ìåòîäû øóíòèðîâàíèÿ äîëæíû èñïîëüçîâàòüñÿ, ÷òîáû ìèíèìèçèðîâàòü èíäóêòèâíîñòü ìåæäó áëîêèðîâî÷íûìè êîíäåíñàòîðàìè è êîííåêòîðàìè. Áëîêèðîâî÷íûå êîíäåíñàòîðû íåïîñðåäñòâåííî äîëæíû èìåòü íèçêèé êîýôôèöèåíò ðàññåÿíèÿ, ÷òîáû ïîçâîëèòü îòñîåäèíåíèå ïðè âûñîêèõ ÷àñòîòàõ.

Òàêæå òðåáóåòñÿ ïîðò upstream êîíöåíòðàòîðà, ÷òîáû âñòðåòèòü âûøåóïîìÿíóòûå òðåáîâàíèÿ. Êðîìå òîãî, ïèòàþùèéñÿ îò øèíû êîíöåíòðàòîð äîëæåí îáåñïå÷èòü äîïîëíèòåëüíîå îãðàíè÷åíèå íà ôîðìó êîëåáàíèé â ñõåìû ïðîãðàììíîãî âêëþ÷åíèÿ, êîãäà îí ïîäàåò ìîùíîñòè ê downstream ïîðòàì.

Ñèãíàëüíûå øòûðüêè çàùèùåíû îò ÷ðåçìåðíîãî òîê â òå÷åíèå äèíàìè÷åñêîãî ïðèñîåäèíåíèÿ,  óãëóáëåíèå â êîííåêòîðå òàêîå, ÷òî ñíà÷àëà âñòóïàþò â êîíòàêò øòûðüêè ìîùíîñòè. Ýòî ãàðàíòèðóåò, ÷òî øèíû ìîùíîñòè íà downstream óñòðîéñòâå ñðàáîòàþò ïðåæäå, ÷åì øòûðüêè ñèãíàëà âñòóïàþò â êîíòàêò.(This guarantees that the power rails to the downstream device are referenced before the signal pins make contact.) Ëèíèè ñèãíàëà ïîðòà êîíöåíòðàòîðà òàêæå çàáëîêèðîâàíû, è íàõîäÿòñÿ â ñîñòîÿíèè âûñîêîãî èìïåäàíñà â òå÷åíèå ñîåäèíåíèÿ, íå ïîçâîëÿÿ òå÷ü íèêàêîìó òîêó â ñòàíäàðòíûõ óðîâíÿõ ñèãíàëà.

Äèíàìè÷åñêè Îòñîåäèíåíèå

Êîãäà óñòðîéñòâî îòñîåäèíÿåòñÿ èç ñåòè ñ ìîùíîñòüþ, òåêóùåé â êàáåëå, èíäóêòèâíîñòü êàáåëÿ çàñòàâèò ïðîèçîéòè áîëüøîé îáðàòíûé ñêà÷åê íàïðÿæåíèå íà îòêðûòîì êîíöå êàáåëÿ óñòðîéñòâà.  Ýòîò îáðàòíûé ñêà÷åê íàïðÿæåíèÿ íå ðàçðóøèòåëåí. Ñîîòâåòñòâóþùèå ìåðû øóíòèðîâàíèÿ íà ïîðòàõ êîíöåíòðàòîðà ïîäàâÿò ëþáîé ïàðíûé øóì. Äèàïàçîí ÷àñòîò ýòîãî øóìà îáðàòíî ïðîïîðöèîíàëüíî çàâèñèò îò äëèíû êàáåëÿ, ìàêñèìóì 60 ÌÃö äëÿ îäíîãî ìåòðà êàáåëÿ. Ýòî òðåáóåò íåêîòîðîé íèçêîé åìêîñòè, î÷åíü íèçêèå áëîêèðîâî÷íûå êîíäåíñàòîðû èíäóêòèâíîñòè íà êàæäîì êîííåêòîðå ïîðòà êîíöåíòðàòîðà. Îáðàòíûé ñêà÷åê íàïðÿæåíèÿ è øóì, êîòîðûé îí ñîçäàåò, òàêæå óìåíüøàþò øóíòèðóåìóþ åìêîñòüþ íà êîíåö êàáåëÿ óñòðîéñòâà. Òàêæå, äîëæíà èìåòüñÿ íåêîòîðàÿ ìèíèìàëüíàÿ åìêîñòü íà êîíåö êàáåëÿ óñòðîéñòâà äëÿ îáåñïå÷åíèÿ òîãî, ÷òîáû èíäóêòèâíûé îáðàòíûé ñêà÷åê íà îòêðûòîì êîíöå êàáåëÿ íå çàñòàâèë íàïðÿæåíèå íà êîíöå óñòðîéñòâà èçìåíèòü ïîëÿðíîñòü. Ðåêîìåíäóåòñÿ ìèíèìóì 1.0 (Ô øóíò íà Vbus.

Ñíîâà, øòûðüêè ñèãíàëà çàùèùåíû îò ÷ðåçìåðíûõ íàïðÿæåíèé â òå÷åíèå äèíàìè÷åñêîãî îòñîåäèíåíèÿ, óãëóáëåíèå â êîííåêòîðå òàêîå, ÷òî ñíà÷àëà âñòóïàþò â êîíòàêò øòûðüêè ìîùíîñòè.

Ôèçè÷åñêèé Óðîâåíü

Ôèçè÷åñêàÿ ñïåöèôèêàöèÿ óðîâíÿ îïèñàíà â ñëåäóþùèõ ïîäðàçäåëàõ.

Îêðóæåíèå

Ïðèåìëåìàÿ îêðóæàþùàÿ ñðåäà äëÿ USB îò 0 °C äî 70 °C.

USB äîëæíà ïîääåðæèâàòü ñëåäóþùèå ðåãóëèðóåìûå òðåáîâàíèÿ;

EMI:

	FCC ÷àñòü 15 êëàññ B

	EN55022:1994 (Îñíîâàííàÿ íà CISPR-22:1993)

	EN5082-1:1992 (Ñòàíäàðò Îáùåé Óñòîé÷èâîñòè)

	VCCI (ßïîíñêàÿ âåðñèÿ CISPR-22)

Áåçîïàñíîñòü:

	UL, CSA

Âðåìåííûå/Ýëåêòðè÷åñêèå Õàðàêòåðèñòèêè Øèíû



Òàáëèöà � STYLEREF 1 \n �7�-� SEQ Table \* ARABIC �4�.  Ýëåêòðè÷åñêèå Õàðàêòåðèñòèêè DC

Parameter�Symbol�Conditions (Notes 1,2)�Min.�Max.�Unit��Supply Voltage:�������Powered (Host or Hub) Port�VBUS��4.75�5.25�V��Bus-powered Hub Port�VBUS��4.40�5.25�V��Supply Current:�������Powered Host/Hub Port (out)�ICCPRT��500��mA��Bus-powered Hub Port (out)�ICCUPT��100��mA��High Power Function (in)�ICCHPF���500�mA��Low Power Function (in)�ICCLPF���100�mA��Unconfig. Function/Hub (in)�ICCINIT���100�mA��Suspended Device�ICCS���500�(A��Leakage Current:�������Hi-Z State Data Line Leakage�ILO�0 V< VIN<3.3 V�-10�+10�(A��Input Levels:�������Differential Input Sensitivity �VDI�|(D+)-(D-)|, è � REF _Ref338045690 \* MERGEFORMAT �Ðèñóíîê 7-4��0.2��V��Differential Common Mode Range�VCM�Includes VDI  range�0.8�2.5�V��Single Ended Receiver Threshold�VSE��0.8 �2.0 �V��Output Levels:�������Static Output Low�VOL�RL of 1.5 k( to 3.6 V ��0.3�V��Static Output High�VOH�RL of 15 k( to GND�2.8�3.6�V��Capacitance:�������Transceiver Capacitance�CIN�Pin to GND��20�pF��Downstream Hub Port Bypass Capacitance�CHPB�Vbus to GND   (tantalum)�120��(F��Root Port Bypass Capacitance�CRPB�Vbus to GND    Note 9�1.0�10.0�(F��Terminations:�������Bus Pull-up Resistor on Root Port�RPU�(1.5 k( ( 5%)�1.425�1.575�k(��Bus Pull-down Resistor on Downstream Port�RPD�(15 k( ( 5%)�14.25�15.75�k(��Cable Impedance and Timing:�������Cable Impedance (Full Speed)�ZO�(45 ( (15%)�38.75�51.75�(��Cable Delay (one way)�TCBL�� REF _Ref339679568 \* MERGEFORMAT �Ðèñóíîê 7-21���30�ns��Òàáëèöà � STYLEREF 1 \n �7�-� SEQ Table \* ARABIC �5�.  Ýëåêòðè÷åñêèå Õàðàêòåðèñòèêè Ïîëíî Ñêîðîñòíûõ Èñòî÷íèêîâ

Parameter�Symbol�Conditions (Notes 1,2,3)�Min.�Max.�Unit��Driver Characteristics:�������Transition Time:

   Rise Time

   Fall Time�

TR

TF�Note 5, 6 and � REF _Ref338750172 \* MERGEFORMAT �Ðèñóíîê 7-16�

CL =   50 pF

CL =   50 pF�

4

4�

20

20�

ns

ns��Rise / Fall Time Matching�TRFM�(TR/TF)�90�110�%��Output Signal Crossover Voltage�VCRS��1.3�2.0�V��Driver Output Resistance�ZDRV�Steady State Drive�28�43�(���������Data Source Timings:�������Full Speed Data Rate �TDRATE�Ave. Bit Rate �(12 Mb/s ( 0.25%)�11.97�12.03�Mbs��Frame Interval�TFRAME�1.0 ms ( 0.05%�0.9995�1.0005�ms��Source Differential Driver Jitter

   To Next Transition

   For Paired Transitions�

TDJ1

TDJ2�Note 7, 8 and � REF _Ref339678457 \* MERGEFORMAT �Ðèñóíîê 7-29��

-3.5

-4.0�

3.5

4.0�

ns

ns��Source EOP Width�TEOPT�Note 8 and � REF _Ref339678543 \* MERGEFORMAT �Ðèñóíîê 7-30��160�175�ns��Differential to EOP transition Skew�TDEOP�Note 8 and � REF _Ref339678543 \* MERGEFORMAT �Ðèñóíîê 7-30��-2�5�ns��Receiver Data Jitter Tolerance

   To Next Transition

   For Paired Transitions�

TJR1

TJR2�Note 8 and � REF _Ref339678578 \* MERGEFORMAT �Ðèñóíîê 7-31��

-18.5

-9�

18.5

9�

ns

ns��EOP Width at receiver

   Must reject as EOP

   Must accept as EOP�

TEOPR1

TEOPR2�Note 8 and � REF _Ref339678543 \* MERGEFORMAT �Ðèñóíîê 7-30��

40

82�

�

ns

ns��

�Òàáëèöà � STYLEREF 1 \n �7�-� SEQ Table \* ARABIC �6�. Ýëåêòðè÷åñêèå Õàðàêòåðèñòèêè Íèçêî Ñêîðîñòíûõ Èñòî÷íèêîâ

Parameter�Symbol�Conditions (Notes 1,2,4)�Min.�Max.�Unit��Driver Characteristics:�������Transition Time:

   Rise Time



   Fall Time

�

TR



TF�Note 5, 6 and � REF _Ref338750172 \* MERGEFORMAT �Ðèñóíîê 7-16�

CL =   50 pF

CL = 350 pF

CL =   50 pF

CL = 350 pF�

75



75�



300



300�

ns

ns

ns

ns��Rise/Fall Time Matching�TRFM�(TR/TF)�80�120�%��Output Signal Crossover Voltage�VCRS��1.3�2.0�V���������Data Source Timings:�������Low Speed Data Rate �TDRATE�Ave. Bit Rate�(1.5 Mb/s ( 1.5%)�1.4775�1.5225�Mbs��Source Differential Driver Jitter

 Host (Downstream):

   To Next Transition�   For Paired Transitions

 Function (Upstream):

   To Next Transition�   For Paired Transitions�



TDDJ1�TDDJ2



TUDJ1�TUDJ2�Note 7, 8 and � REF _Ref339678457 \* MERGEFORMAT �Ðèñóíîê 7-29��



-75�-45



-95�-150�



75�45



95�150�



ns�ns



ns�ns��Source EOP Width�TEOPT�Note 8 and � REF _Ref339678543 \* MERGEFORMAT �Ðèñóíîê 7-30��1.25�1.50�(s��Differential to EOP transition Skew�TDEOP�Note 8 and � REF _Ref339678543 \* MERGEFORMAT �Ðèñóíîê 7-30��-40�100�ns��Receiver Data Jitter Tolerance

 At Host (Upstream):

   To Next Transition�   For Paired Transitions

At Function (Downstream):

   To Next Transition�   For Paired Transitions�



TUJR1�TUJR2



TDJR1�TDJR2�Note 8 and � REF _Ref339678578 \* MERGEFORMAT �Ðèñóíîê 7-31��



-152�-200



-75�-45�



152�200



75�45�



ns�ns



ns�ns��EOP Width at receiver

   Must reject as EOP�   Must accept�

TEOPR1�TEOPR2�Note 8 and � REF _Ref339678543 \* MERGEFORMAT �Ðèñóíîê 7-30��

330�675��

ns�ns��

�Òàáëèöà � STYLEREF 1 \n �7�-� SEQ Table \* ARABIC �7�. Ýëåêòðè÷åñêèå Õàðàêòåðèñòèêè Êîíöåíòðàòîðà/Ïîâòîðèòåëÿ

Parameter�Symbol�Conditions (Note 2)�Min.�Max.�Unit��Hub Characteristics� (Full Speed):�������Driver Characteristics�  (Refer to � REF _Ref337114122 \* MERGEFORMAT �Òàáëèöà 7-5�)��Root port and Downstream ports configured as Full Speed�����Hub Differential Data Delay

    (with cable)�    (without cable)�

THDD1�THDD2�Note 3, 7, 8�and � REF _Ref339678866 \* MERGEFORMAT �Ðèñóíîê 7-32���

70�40�

ns�ns��Hub Differential Driver Jitter   (including cable)

   To Next Transition�   For Paired Transitions��

THDJ1�THDJ2�Note 3, 7, 8 �and � REF _Ref339678866 \* MERGEFORMAT �Ðèñóíîê 7-32���

-3�-1��

3�1��

ns�ns��Data bit width distortion after SOP�TSOP�Note 3, 8 and � REF _Ref339678866 \* MERGEFORMAT �Ðèñóíîê 7-32��-5�3���Hub EOP Delay Relative to tHDD�TEOPD�Note 3, 8 and � REF _Ref339678932 \* MERGEFORMAT �Ðèñóíîê 7-33��0�15�ns��Hub EOP Output Width Skew�THESK�Note 3, 8 and � REF _Ref339678932 \* MERGEFORMAT �Ðèñóíîê 7-33��-15�15�ns���������Hub Timings  (Low Speed):�������Driver Characteristics�  (Refer to � REF _Ref337114137 \* MERGEFORMAT �Òàáëèöà 7-6�)��Downstream ports configured as Low Speed�����Hub Differential Data Delay�TLHDD�Note 4, 7, 8�and � REF _Ref339678866 \* MERGEFORMAT �Ðèñóíîê 7-32���300�ns��Hub Differential Driver Jitter    (including cable)

Downstream:

   To Next Transition�   For Paired Transitions

Upstream:

   To Next Transition�   For Paired Transitions��



TLDHJ1�TLDHJ2



TLUHJ1�TLUHJ2�Note 4, 7, 8 �and � REF _Ref339678866 \* MERGEFORMAT �Ðèñóíîê 7-32���



-45 �-15



-45�-45��



45�15



45�45��



ns�ns



ns�ns��Data bit width distortion after SOP�TSOP�Note 4, 8 and � REF _Ref339678866 \* MERGEFORMAT �Ðèñóíîê 7-32��-60�45���Hub EOP Delay Relative to tHDD�TLEOPD�Note 4, 8 and � REF _Ref339678932 \* MERGEFORMAT �Ðèñóíîê 7-33��0�200�ns��Hub EOP Output Width Skew�TLHESK�Note 4, 8 and � REF _Ref339678932 \* MERGEFORMAT �Ðèñóíîê 7-33��-300�+300�ns��All voltages measured from the local ground potential, unless otherwise specified.

All timings use a capacitive load (CL) to ground of 50 pF, unless otherwise specified.

Full Speed timings have a 1.5 k( pull-up to 2.8 V on the D+ data line.

Low Speed timings have a 1.5 k( pull-up to 2.8 V on the D- data line.

Measured from 10% to 90% of the data signal.

The rising and falling edges should be smoothly transitioning (monotonic).

Timing difference between the differential data signals.

Measured at crossover point of differential data signals.

The maximum load specification is the maximum effective capacitive load allowed that meets the target hub VBUS droop of 330 mV.

�Timing Waveforms 



� EMBED Word.Picture.6  ���

Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �29�.  Äèôôåðåíöèàëüíàÿ Ôëóêòóàöèÿ Äàííûõ
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �30�.  Differential to EOP Transition Skew and EOP Width
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �31�.  Äîïóñòèìàÿ Ôëóêòóàöèÿ Ïðèåìíèêà



Îáðàòèòåñü ê Ðàçäåëó � REF _Ref339686167 \n �7.1.11� äëÿ îïðåäåëåíèÿ TPERIOD
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Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �32�.  Äèôôåðåíöèàëüíàÿ Çàäåðæêà Êîíöåíòðàòîðà, Äèôôåðåíöèàëüíàÿ Ôëóêòóàöèÿ, è Èñêàæåíèå SOP



� EMBED Word.Picture.6  ���

Ðèñóíîê � STYLEREF 1 \n �7�-� SEQ Figure \* ARABIC �33�.  Çàäåðæêà EOP â Êîíöåíòðàòîðå è Ïåðåêîñ EOP
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