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8.5.2 Bulk Transactions

Bulk transaction types are characterized by the ability to guarantee error-free delivery of data between the
host and a function by means of error detection and retry. Bulk transactions use a three-phase transaction
consisting of token, data, and handshake packets as shown in Figure 8-30. Under certain flow control and
halt conditions, the data phase may be replaced with a handshake resulting in a two-phase transaction in
which no data is transmitted. The PING and NYET packets must only be used with devices operating at
high-speed.

Idle
High-speed OUT only
ke N ouT
/ Error
DATADI DATAD/
[Bamad | | [ wax | [ srau]
ata
Error e
Idia
»
»
High-spead only
andshake
ACK Data NYET IACK | ‘NAK l |sm.|.| Data
Error Errar
L L L o ldle
~
[] Host [] Function

Figure 8-30. Bulk Transaction Format

When the host is ready to receive bulk data, it issues an IN token. The function endpoint responds by
returning either a data packet or, should it be unable to return data, a NAK or STALL handshake. NAK
indicates that the function is temporarily unable to return data, while STALL indicates that the endpoint is
permanently halted and requires USB System Software intervention. If the host receives a valid data
packet, it responds with an ACK handshake. If the host detects an error while receiving data, it returns no
handshake packet to the function.

When the host is ready to transmit bulk data, it first issues an OUT token packet followed by a data packet
(or PING special token packet, see Section 8.5.1). If the data is received without error by the function, it
will return one of three (or four including NYET, for a device operating at high-speed) handshakes:

¢ ACK indicates that the data packet was received without errors and informs the host that it may send
the next packet in the sequence.

¢ NAK indicates that the data was received without error but that the host should resend the data because
the function was in a temporary condition preventing it from accepting the data (e.g., buffer full).

+ Ifthe endpoint was halted, STALL is returned 1o indicate that the host should not retry the transmission
because there is an error condition on the function.

If the data packet was received with a CRC or bit stufl error, no handshake is returned.

Figure 8-31 and Figure 8-32 show the host and device state machines respectively for bulk, control, and
interrupt QUT full/low-speed transactions. Figure 8-27, Figure 8-28, and Figure 8-29 show the state
machines for high-speed transactions. Figure 8-33 and Figure 8-34 show the host and device state machines
respectively for bulk, control, and interrupt IN transactions.
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function receiving a SETUP must accept the SETUP data and respond with ACK; if the data is corrupted,
discard the data and return no handshake.

Idle
Token SETUP
\_\
Data | DATAO |
\ﬁ

Handshake ACK [rover

Idie

[[] Hest [ ] Function
Figure 8-36. Control SETUP Transaction

The Data stage, if present, of a control transfer consists of one or more IN or OUT transactions and follows
the same protocol rules as bulk transfers. All the transactions in the Data stage must be in the same
direction (i.e., all INs or all OUTs). The amount of data to be sent during the data stage and its direction are
specified during the Setup stage. If the amount of data exceeds the prenegotiated data packet size, the data
is sent in multiple transactions (INs or OUTs) that carry the maximum packet size. Any remaining data is
sent as a residual in the last transaction.

The Status stage of a control transfer is the last transaction in the sequence. The status stage transactions
follow the same protocol sequence as bulk transactions. Status stage for devices operating at high-speed
also includes the PING protocol. A Status stage is delineated by a change in direction of data flow from the
previous stage and always uses a DATA1 PID. If, for example, the Data stage consists of OUTs, the status
is a single IN transaction. If the control sequence has no Data stage, then it consists of a Setup stage
followed by a Status stage consisting of an IN transaction.

Figure 8-37 shows the transaction order, the data sequence bit value, and the data PID types for control read
and write sequences. The sequence bits are displayed in parentheses.

= B =
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Control | sewp@ | | oure || our@ |- [ ourem | [ o |
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- DATAD DATA1 DATAD DATAO/ DATA1
Setup Status
Stage Stage

—t— ——

20*"?‘7 ISETUP(U] |[ IN (1) |
log DATAD DATA1

Figure 8-37. Control Read and Write Sequences
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Idle
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Figure 8-38. Interrupt Transaction Format

When an endpoint is using the interrupt transfer mechanism for actual interrupt data, the data toggle
protocol must be followed. This allows the function to know that the data has been received by the host and
the event condition may be cleared. This “guaranteed™ delivery of events allows the function to only send
the interrupt information until it has been received by the host rather than having to send the interrupt data
every time the function is polled and until the USB System Software clears the interrupt condition. When
used in the toggle mode, an interrupt endpoint is initialized to the DATAO PID by any configuration event
on the endpoint and behaves the same as the bulk transactions shown in Figure 8-35.

8.5.5 Isochronous Transactions

Isochronous transactions have a token and data phase, but no handshake phase, as shown in Figure 8-39.
The host issues either an IN or an OUT token followed by the data phase in which the endpoint (for INs) or
the host (for OUTSs) transmits data. Isochronous transactions do not support a handshake phase or retry
capability.

Idle
L our |
l W | Token
|DATAx | IDATAx | Data
L Error
X - ldle

|:| Host |:| Function
See Note Below

Figure 8-39. Isochronous Transaction Format
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the transaction by generating a bit stuffing violation for full-/low-speed. An error for high-speed must be
forced by taking the currently calculated CRC and complementing it before transmitting it. This causes a
detectable error at the receiver and guaraniees that a partial packet will not be interpreted as a good packet.
The transmitter should not try to force an error at the receiver by sending a constant known bad CRC. A
combination of a bad packet with a “bad” CRC may be interpreted by the receiver as a good packet.

8.6.5 Low-speed Transactions

The USB supports signaling at three speeds: high-speed signaling at 480 Mb/s, full-speed signaling at
12.0 Mb/s, and low-speed signaling at 1.5 Mb/s. Hubs isolate high-speed signaling from full-/low-speed
signaling environments.

Within a full-/low-speed signaling environment, hubs disable downstream bus traffic to all ports to which
low-speed devices are attached during full-speed downstream signaling. This is required both for EMI
reasons and to prevent any possibility that a low-speed device might misinterpret downstream a full-speed
packet as being addressed to it.

Figure 8-48 shows an IN low-speed transaction in which the host (or TT) issues a token and handshake and
receives a data packet.

Hub enables low- Hub disables low-
speed port outputs speed port outputs
”mpa'f:u'ﬂ?;;“d * Token sent at low-speed +
5 —
| SYNC | PID Hub setup SYNC | PID ENDP ... | EOP |
Data packet sent at low-speed
s

SYNC PID DATA CRC EQP |

Hub disables low-

Hub enables low- speed port outputs
Preamble speed port outputs
sent at full-speed * Handshake sent at | peed *
& % BN
| SYNC ‘ PID Hub setup ‘ SYNC 1 PID ‘ EOP |

Figure 8-48. Low-speed Transaction

All downstream packets transmitted to low-speed devices within a full-/low-speed signaling environment
require a preamble. Preambles are never used in a high-speed signaling environment. The preamble
consists of a SYNC followed by a PRE PID, both sent at full-speed. Hubs must comprehend the PRE PID;
all other USB devices may ignore it and treat it as undefined. At the end of the preamble PID, the host (or
TT) drives the bus to the Idle state for at least one {ull-speed bit time. This Idle period on the bus is termed
the hub setup interval and lasts for at least four full-speed bit times. During this hub setup interval, hubs
must drive their full-speed and low-speed ports to their respective Idle states. Hubs must be ready to repeat
low-speed signaling on low-speed ports before the end of the hub setup interval. Low-speed connectivity
rules are summarized below:

1. Low-speed devices are identified during the connection process, and the hub ports to which they are
connected are identified as low-speed.

2. All downstream low-speed packets must be prefaced with a preamble (sent at [ull-speed), which turns
on the output buffers on low-speed hub ports.
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