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Review - Line Code
aLine Code = “Digital Baseband 

Modulation”=“Digital Baseband 
Transmission”

aUsed for digital data transport
aCommon Line Codes
`Manchester Code (“Transition 

Direction”)
`Non-Return-to-Zero (NRZ)
`Non-Return-to-Zero, Inverted 

(NRZI)  (Read as “State Change” 
for “1”) 

`6b/8b
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USB Protocol
aDifferential Signaling: D+ and D-
aToggle between J state and L state
`J state: D+ High and D- Low
`K state: D+ Low and D- High

aNRZI Coding – “State change”
`J ÆK or KÆJ : 0
`JÆ J or KÆK: 1

a8-bit Synchronization, 1 bit mark, followed by 
USB frame, and ended with EOP (end of 
packet)

aEOP: 2 bit times of SE0 [“single-ended zero”] 
(D+ and D- both LOW) and 1 bit of J state (See 
next slide) 3
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Example of USB transmission
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USB Eye Diagram

aElectrical testing of D+ 
and D-

aSignal quality
`Rise Time
`Fall Time
`Undershoot
`Overshoot
`D+/D- Line Jitter
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USB Communication
aA series of frames
aEach frame contains:
`SOF (Start of Frame)
`Transactions
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USB Packet Contents
a Transaction

`Exchange of packets
⌧Sync/Data/End

`3 types of packets

a Information in a packet
`Packet Identification (PID): 4 and 4 bits
`Device Addr (optional): 7 bits (max 27 

devices)
`End Point (EP) (optional): 4 bits (max 16 

endpoint addresses)
`Payload Data (optional)(up to 1023 

bytes)
`CRC (optional)
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PID (Packet ID): Identification of the type of packets 
that is being sent
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USB Host and Devices
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Token Packets
a Always come from the host
a Used to direct traffic on the bus
a The function of the token packet depends on the activity performed

` IN tokens - to request that devices send data to the host. 
`OUT tokens - to send data from the host. 
` SETUP tokens - to send commands from the host. 
` SOF tokens - to mark time frames. 

a With an IN, OUT, and SETUP token packet, there is a 7-bit device 
address, 4-bit endpoint ID, and 5-bit CRC. 
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Data Packet
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a Data packets follow IN, OUT, and SETUP token packets. 
a The size of the payload data ranges from 0 to 1024 bytes 

depending on the transfer type. 
a The packet ID toggles between DATA0 and DATA1 for each 

successful data packet transfer, and the packet closes with a 16-bit 
CRC. 

a The receiver of data toggles its data toggle bit when it is able to 
accept the data and it receives an error-free data packet with the 
correct identification. 

a The sender of data toggles its data toggle bit when it receives a 
positive acknowledgement from the receiver. 

a In this way, the data toggle bits stay synchronized until, for 
example, a packet with an incorrect identification is received.



Data Packets – Data Toggle Bit
a An example where the data toggle is used is if an ACK is sent but 

not received. 
` the sender updates the data toggle from ‘1’ to ‘0’ but the receiver does not. 
` The receiver remains at ‘1’. 
` This causes the host and device to be out of sync on the next data stage, which 

indicates an error. 

a White boxes represent the transaction is coming from the host and 
black boxes represent the transaction is coming from the device. 
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Handshake Packets

aHandshake packets conclude each transaction. 
aEach handshake includes an 8-bit packet ID and 

is sent by the receiver of the transaction. 
`ACK: Acknowledge successful completion
`NAK: Negative acknowledgment
`Stall: Error indication sent be a device
`NYET: Indicates the device is “Not ready to receive” 

another data packet (High Speed only)
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CRC – Background 1
aInteger Division: Dividend (N) divider by 

divisor (D)
aN(629)/D(25) = Q (25) – R(4)
`See, [N-R]/D= Q (25) – R(0)

aSend N (629) and R(4) to a target
aReceiver, for data integrity, re-computes 

R’ and check against the received R
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CRC in USB
a Polynomial Division: Dividend (N) divider by divisor (D)

`N(629)=6*102+2*101+9*100.=1*29+…..
`D(25)=2*101+5*100 = 1*24+…..

a4-bit PID (Packet ID) field
`Simple bitwise inversion of the PID is enough
`No CRC protection

aToken Packets
`Protected region is only 11 bits
`5-bit CRC protection

aData packets
`Up to 1023 bytes
`16-bit CRC protection
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USB Analyzer Output Example - A

aPacket #190
`L/S: Low Speed
`Token Packet
`CRC5: 5 bit CRC
`EOP: End of Packet 16
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USB Analyzer Output Example - B

a Packet #191
`Data0: Data Token
`CRC16: Check for Data with 16 bit CRC
`Idle: Time between the current packet and the previous packet
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USB Analyzer Output Example - C

aPacket #192
`ACK: Successful indication of Data packet
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Bus Analyzer Capture - 1
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Bus Analyzer Capture - 2
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Bus Analyzer Capture - 3
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Bus Analyzer Capture - 4
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Bus Analyzer Capture - 5
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USB-Serial
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USB-Serial
aftdichip.com
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USB-Serial
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