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Review - Line Code

Line Code = “Digital Baseband
Modulation”="Digital Baseband
Transmission”

Used for digital data transport

Common Line Codes

Manchester Code (“Transition
Direction”)
Non-Return-to-Zero (NRZ2)

Non-Return-to-Zero, Inverted
(NRZI) (Read as “State Change”
for Hl”)
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USB Protocol

Differential Signaling: D+ and D-

Toggle between J state and L state
J state: D+ High and D- Low
K state: D+ Low and D- High

NRZI Coding — “State change”
J2>KorK->J:0
J2> JorK->K: 1

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

EOP: 2 bit times of SEO [“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

Voltage signal in
the differential pair_

Differential decoding K |

NRZI decoding

Packet format

x|y Ixlyixlelyl)ixiklk]|)

QEOD SANORSZ

K 0 0}

Start of packet
/ clock sync

!

Packet ID
LSB first, 1010 = NA

End
KINof packet

Cay,

_S_

Example of a Negative Acknowledge packet transmitted by USB 1.1 Full-speed device when there is no more
data to read. It consists of the following fields: clock synchronization byte, type of packet and end of packet.
Data packets would have more information between the type of packet and end of packet.

=n.wikipedia.org



USB Eye Diagram

Electrical testing of D+
and D-

Signal quality
Rise Time
Fall Time
Undershoot

Overshoot
D+/D- Line Jitter
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USB Communication

A series of frames

Each frame contains:
SOF (Start of Frame)
Transactions

time

»

FRAME

FRAME FRAME FRAME FRAME

m TRANSACTION 0T TRANSACTION m

TOKEN || EoFr Bl sYNC | DATA EoP Jl SYNC | \HANDSHAKE) EOP
PACKET PACKET |

SYNC




USB Packet Contents

Transaction LAND
Exchange of packets TOKEN DATA SHAKE
PACKET PACKET
Sync/Data/End PACKET
3 types of packets \
Information in a packet
Packet Identification (PID): 4 and 4 bits A
Device Addr (optional): 7 bits (max 27 "|| D[ E|| PAYLOAD fI%
. D||P|| DATA
devices) D|| C
End Point (EP) (optional): 4 bits (max 16
PACKET

endpoint addresses)

Payload Data (optional)(up to 1023
bytes)

CRC (optional)




PID (Packet ID): Identification of the type of packets
that is being sent

Group FPID Value  Packet Identifier
0001 OUT Token
Tok 1001 IN Token
aren 0101 SOF Token
1101 SETUP Token
0011 DATAD
D 1011 DATAT
ata 0111 DATA2
1111 MDOATA
0010 ACHK Handshake
Handshake 1010 MAK Handshake
1110 STALL Handshake
0110 NYET (Mo Response Yet)
1100 PREamble
Special 1100 ERR
petia 1000 Split
0100 Fing



USB Host and Devices

Bus
Host

- - - """V V- V- —- V- V—- - - V- =" - =" - - - 'I

[ USH Device .

- ' |
[Addi][Endpoint][Cirection] [ EFD In = '
' [

[ EFD Out  |— '

1 Addr=2 by Function [

| EP1In  |a— -

' I

! EF1 Out - I

| . . L o — . —

=== === === _= = = = = _ = )= = /= = == = = = = = = '|

lusB Device EFDIn  |a— -

' I

| EF0 Out |— ]

' I

! EP1 In ——— '

i Addr=3 hly Function !

. EP1 Qut |—m I

[ .

1 EF.. In ] I

I .

' EP.. Qut |—m |

|l . _ . _ . _ . == . ———————— i




Token Packets

Always come from the host

Used to direct traffic on the bus

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. //éﬁ :
SOF tokens - to mark time frames. .

With anw, and SETUP token packet, there is evice

address( 4-bit endpoint ID, and 5-bit CRC.

.
VB ] e e

r||"[|5 T G u (GRS mig 1001 IN Token

TOHKEN TOKEN TOKEN TGHE;\I D1ﬂ1 SOF TDken

IN ouT SETUP SOF 1101 SETUP Token
Token Token Token Token
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Data packets follow IN, OUT, and SETUP token packets.

The size of the payload data ranges from O to 1024 bytes
depending on the transfer type.

The packet ID toggles between DATAO and DATAL for each

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

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

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

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

PID Value Packet Identifier

D C E Z
2l| PavLoap ||R 2l pavioap [|R 0011 DATAOQ
- DATA y A DATA 1
1 A |8 e 1011 DATA1

DATAOUT DATAOUT L




Data Packets — Data Toggle Bit

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 ‘O’ 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.

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

Device

Host

AO00 >

TOKEN

OO

PAYLOAD
DATA

DATAIN

HIS

A
D
D
R

TOKEN

aOoO

—cCO
00X
om

TOKEN

aODO

P -4>»0

PAYLOAD
DATA

DATAOUT

=0200

HIS

PAYLOAD
DATA

HIS

OO >
om

TOKEN

aOo0O

PAYLOAD
DATA

DATAOUT

Mm=000)

HIS
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Handshake Packets

Handshake packets conclude each transaction.

Each 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)

0010 ACK Handshake
1010 NAK Handshake
1110 STALL Handshake
0110 NYET (No Respons

AOP

HIS

13



CRC - Background 1

Integer Division: Dividend (N) divider by
divisor (D)
N(629)/D(25) = Q (25) — R(4)
See, [N-R]/D= Q (25) — R(0)
Send N (629) and R(4) to a target

Receliver, for data integrity, re-computes
R’ and check against the received R

14



CRC In USB

Polynomial Division: Dividend (N) divider by divisor (D)
N(629)=6*102+2*101+9*100.=1*2%+.....
D(25)=2*101+5*100 = 1*24+.....

4-bit PID (Packet ID) field
Simple bitwise inversion of the PID is enough

No CRC protection

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

Data packets
Up to 1023 bytes
16-bit CRC protection

15



USB Analyzer Output Example - A

— T ot W et N .

e

Packet | | Seme SR ITTTNEFNSISIN ENDRY o ;o EDP'ide'
130 l h A 084 N0 | 0oA005AI00A4

Packet 8t | ||
19 N | 000000

Packet## |1 Sync.
192 00000001 g

[ Packet®# T T CACS EOP
194 || 00000001 0x36 0 0 Jow08 J300)]| 4

Packet 8 |5
155 -4

— J0// 0100

e M o B get
Packet #190 i
L/S: Low Speed L6
First

Token Packet
CRC5: 5 bit CRC
EOP: End of Packet
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USB Analyzer Output Example -B

..._:.."- i, W i, "

Y SETUr  ADDR {114, [ERES EOP
4-““@‘-

Packet # | 5| : DATA

'lde'

Packetst 7] Sine
196 || 00000001

Packet #191 it
Data0: Data Token #’f# it Wrw
CRC16: Check for Data with 16 bit CRC Co*”

Idle: Time between the current packet and the previous packet

17



USB Analyzer Output Example - C

R — e T, ¢ W i

Packet# [7T]1FF Syme N A LTEREYSSEN ENDRY = ;T EDP'ide'
190 l N, A 088 N0 | oA 0eAI00M4 |

Packet 8t | ||
191 | 00000001
Packet i I8 Sync.
192 00000001

[ Packet®# T T CACS EOP
194 L | 00000001 0x96 0 0 JO«<08 J300)]| 4

_iw ACK
B B 0P | e 00! 0
Packet #192 > olLoIo ( le

ACK: Successful indication of Data packet
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Setup Transaction

Data Transaction

Handshake
Transaction 2 5

Bus Analyzer Capture - 1

All Commands Initially Enumeration Occurs

Sent to Address 0

Through Endpaoint 0

1= Reset |« Descriptor Request to
by Hub _learn bMaxPacketSized

Transaction F | SETUP ADDR [STslZ

Idle
T R

wi/alua

windex wlength

64 Bytes
Requested

ACH
Ox48

898,750 us |

Transaction F
1

Transaction F

04 B

Idle 2d Reset After
Reset 25.416 ms | 5844 || Receiving Descripter
Tr'ﬂn‘tﬂi"tlﬂn F ENI:IF
=Y | OxB4

FAo0=xliu,
Y Omdla,

f D00,
v D00,
OO,

C 00U,
AL

0x0Zu,

BEN T R bRequest w\/alue
H->0 |5 |0 |SET_ADDRESS | Mew addrass 1 | Ox0000

windex wlength

0x4B | 999.750 us

Ty - .
ALK m New Address of 1 is Assigned
45.989 ms | , Re-Request of Device Descriptor

‘1 x4 B

|
Mew Address 1 is Used

from Now On

Tranqﬁr'tl:ln F ENDF'
Ox96

TR bRequest wivalue windax wlLangth
DC->H|S|D |GET_DESCRIPTOR | DEVICE type |0x0000 18

A
Ox48

299 750 |.|s|

ACK [

Ox4B |[|999.750 ps |

Transaction F m@ ACK m '

T | Ox96 1 0 Dx4B [|299.750 p=s |

Transaction F ENDF |
8 s O=x26 1 ]

QuT
Ox87

Transaction F

ENDP
1 0

a s

1.999 rrs| .
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Setup Transaction Packets
(These 3 Packets Comprise
Transaction #251)

Bus Analyzer Capture - 2

i 00,

Transaction |F MENDP TR bRequest wh/alue windex wlength |
10 | OxB4 1 D-=H | S |[D|GET DESCRIPTOR | CONFIGURATION tyvpe | Ox0000 9 Ox4B8
[Packel # S SETUP ADDR [EXPIJICRES EOP| 1die Request for Configuration Descriptor — 1+ Request
165 oOoooo00o1 1 0 %17 275 E |For more etails on ETIJF. Control transfers see ]
Packet #13 Sync CRC18 EOP
166 =) (00000001 B0 06 OO 02 00 00 0B 0 Ox7520|3.00(| 5
Packet # Sync
167 QO000001 3.00 |[11798
Transaction F ENDI'—" 1“;1'
11 1 1]09 02 19 00 01 01 00 & Dx4B |[999.750 us Y31,
OO lu,
Transaction F [nEYRY | ACK Dx0Lu,
12 o) 32 Ox4B ||999. 750 us x00u,
JxE0u,
Transaction F |[=NL ACK Sisiind,
13 =1 | OxB7 1 1 Ox4B 1.999 ms

20
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Bus Analyzer Capture - 3

Request for Configurabion (2™ Request), Infsriaos,
and Endpoimt Desoriphore

SETUPR A
U 1 4]

wiale

windex| wil mngth

255

AR
OxdB || HED.750 ps
1]

Iranssclion
15 3

0x98 | 1 | O 103 07 13 00 @1 01 o0 & ST
. Coeli0u,
Transaction F N ADDR DIATA ACH | ancrlpensTyy
16 | oxee T Al || 988,750 s * ERlranatetet
tican [F -\EIII.-F-' [ TACK _—
AT 5 nxﬁn f6 04 07 05 fi4C ob || DxdB |[R8E.750 us -

ALK

Transaction F apnr [EIEE]
qEE L s L Ded B 1. W% ma |

.l‘n.CK
l]a.d-ﬁ

'I'lrrlu
1.999 rms

A
]| 0xB7 ||
Transaction F ElI:IF'_ ]
20 ]| 0xB4 1 0 ||O-=H
A I-" a
U!&b

mml.ln'. F SETUM F\EII_

= Rsquact for Devios_Guailtisr Decoripbor.

o

windex wienglh

10 | 0x48 |ygu 750 s

Thic lc a Full Epead only davios. Ac a recul, a

ATALL |requact srror) e lsousd - 1" géring Cecoripbor Bequest (Languags 1D&)

ACH

wiLength

0 ||IJ-3-H|S_L'! GET _DESCRIPTOR | STRING lype, LANGID codes requesies Language 1D Ox0000 2585 Ox4B || 299 833 ps
Transa .l'\L'IL:-H DATA me * [a: Length "/ O=lda,
(1 | T Ve i %) mda,
- ' #) OmO%a, Omblu,
e ouT EEEEYENDR ACK
A i= | OxET OxdB 1.999 ma
Transaction F | SETUP ADDR widzlue wiLerngth |G
25 i3 | OxB4 D-=H|S |D[GET_DESCRIPTOR | STRING type, Index 2| Language 1D Dxl403 Ox4B || 980.750 us
Tran F ACK Tlran
048 |[B09.750 us| [~ o " [
[ ACK ] BT, Ty tETs Dy E'e Byt te De'EYy Optwte Oyt OB, Bl @
Oxa8 || 999730 us| k=" O

UTF18 Comverclon:
=gk
m = 50N

| acHE |
O0x48 | (899750 us

p =70
I =520
& =3I

=30h

21




Bus Analyzer Capture - 4

Re-Request of Descriptors by Driver
Transaction F |BE=0K] ACE -
- naAT | | | ondB || .00 ms il

rEaction F i wiength [IETR 3
1 [ | S| D[ GET_DIE! lf‘.'HIF—"1 O | STRING type. LANGID codes requaested | Languaga [ D000 a8 || OxdB
A:"u
OxBE 1.9949 ms
Tranaaction F |[IFYIE ~L0H _ ALK
A3 S |IEITE || OmaB 1. 50 i
»nF SETUF ADDR S
14 OBt 1 0 B-=H| S| D | GET rJEEL.HlP‘l OR | STRING typa, Indax 2 | Langusdgs 10 0x0400
&K
H- 100 || OwdB [|958.023 s
Tronssschon F EII]F A
A6 OxAG £ OwdB || 9598 750 us)|
ronanstinn F Hi'l;l-F | ACK
[+ 147~ 1] - || wdE 999.780 us
Trnrmm.tmn F L ACKE
OxRG Ow1 B8 1.FRE ms
Transaction F | ACH
i | OxHAY Oxd8 || Z9.5993 ma
frmmm..llurl F SETUFP I-'|ll HH IJP - i walme |wrirdms | vl gl m
NuEd [i] O-#H| S -rlm-l nr—ﬁt.r-ur—*n:-z | DEVIGE type | 0xDi000 18| | xaB |595. 750 ps|
T-u:-t-:-nF [[ack
a1 | Owig 0 T [ OudB || QG750 peE |
ATk
DxdH || B%H. 750 pa
Tranaacton F ] AanDR [HEEE
43 Dx96 : 1 01 l.".d-D. |958.750 ya
1l OxBT | 1 || onal 1.998 ms
Trnsncion [ E __ D wivnlue . | ACK Tirmes
45 (| DxB4 DJ-II 5 EI GET DE FRIF"TGH | CONFIGLIRAT ION typa | 00000 B D@ | |REE.T50 pa
Tmr!r.hr"lmn F I -‘\DE- DATA F ACK
L=l 08 92 1@ 00 01 0L c0 B2 || Ox4B® |(998.750 us
T [AcK | IETTT
Ouae || Ox48 |[S290 833 us|
Transaction E |
48 Y| OmB7 11 -‘_‘u-cu | 1.958 ms

wilargth

MK
258 OudB || 9690.7580 ye

Trarmsacion F

Chst WES

| SR FEO g

22



Bus Analyzer Capture - 5

Re-Request of Descriptors by Driver (Continued)

Transaction F Euup : ] wialue Ll ACK Fﬁ_
48 S |REL D-=H|S|D|GET_DESCRIFTOR | COMFIGURATION type | Ox0000 Ox4B || 898.6833 us
Tranﬁ-a-_tlun: F E*EIP ACK
Ox S I3 02 15 00 91 01 00 80 Ox<4B ||S899.667 ps
Transactlnn ALCK
1| Ox96 3 304 0l FE 00 Ox46 || 998.750 us
Transaction F ACK
52 =l owea 00 @0 D7 03 8L DZ 40 QOC Ox4B || 999.750 ys
Tmr‘l‘E-El"'llﬂl't F ENEIP Yl
=1l | OxSE OxdB || 898 750 ps
Tmns-an:llnn F ouT EHIJP ACK
OxB7 1 Ox4B 1.9989 ms Ragquest for Device Status
Transaction F BN T R | bReaguest | wvValue windex wlLength |IFe
55 S D D-':-Hls D|GET STATUS |Dx0000 | Devica Status raguastad 2 Ox48 |[999.750 us
Bit 0 = Seif Powerad, Bit 1 = Remots Waksup
Tmmdm” F m m ACK m Baodh are g6t to 2ero gince devics la Bus Powsrad and Remota Wakeup 3 not supportad
S ] 1]48 Dx4B ||999.750 ps | gits 15 though 2 ars rassrvad and sst at 2era
Trans-autlnn F ouT EHDF ACK configuration i Selected
DxE-F 1 O=4B 1.983% ms Configuration 1
Trans-autlun F EHL‘IF! ] i wivalue windax wiength |[JleTHd
=l OxBa H- ‘J-D S|DISET _CONFIGURATION | Mew configuration 1 | 0x0000 Ox4B || 898.750 ps
Transaction F m& m ACK
59 =1 Ox986 1 0 1 ||_Ox4B

Device is Ready for Use!
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SB-Serial

MCP2200
Sx5 QFN*
oh
Q QD = e
6 6= S 4 MicrocHIP MCP2200
o 2me 1E T e
RET |1} sema=a L
i . [ i T 1 N ke ¥ L 1
GFTMLED |31 1 o i vues USB 2.0 to UART Protocol Converter with GPIO
GPERALED 5] 1 g¢ | W GPIISSPND
GRS |41 » 3] GRiUSECRE
Blc M T 1 GF2 Package Types
[ The device will be offered in the following packages:
= 20-lead QFM (5 x 5 mm}
- 20-ead SOIC
GPS GP2 GP1  TXLED/ RXLEY S i
GP4 GP2 GPO GPT  GPE = 20-lead 550
A A & A & A I | I3
Y YYYTYY k J [ MCP2200
R 256 Byte GPIO USE LEDs 501, 5509
and Control EEPROM
Registers i Wee [T 7 70) Vas
A : OSC1 [Z] 10] D=
Y 0562 [F] [1E] C-
X ﬁE [17] iz
Ro— o GP7ITALED [F] 6] GR0VSSPND
UART | il B GPERXLED [E TE| GP1/USECF
Contralier | Contral .| USB Protocal use *LED[g] 5] GP1/USECFG
- [-e— . moE = ) =
CTS - Controller Transceiver G EE EE
== > - = - - GF4 [ BEE
= g B
GF3[D 12 RX
Baud I I—_I'."UBE _:‘ = :I —
Generator T T 10 1] RTS
T State | USE
Clock |Clock
VES Osc Reset Eg;
vss 0SC1 OSC2 RST DO
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USB-Serial

2 FT232R Block Diagram

n | |
I l l I l veE ¥ B= ELEEFS Baud Rats
t IC I p [ ] CO | AaMHz Gansrator
| | 3.8 Vot
FVEOUT  — Lo o —m ¥
Ragulator bl Sular
—= DELUED
[—= DELUE
[—= DBEUED
L J L [—= DEUEL
usE jif—p= DELUES
- UART Controller [ DBUSE
UZEDF ~gi—p=| Trancosiver - P -
wits _ | Gerialinterface T EARE whh - DEUEE
integrated | sngine Frogrammable g s oEUST
_ 8 ariss: - [ BIE] B Froboool Englng ~ FIFC Contrallar B ignal Invarsion
USBEDOM a—] pocctnre I - - *
ang e | la— CBUSD
™ [ [ # b—= CEUS1
+ 1. jt— CEUEZ
Ink I l—p= CBUED
NESrna
i EEFRCM l—p= CELUZE
vaBERLL SVEOUT
FIFC TX Butfer [
[k e}
opdicnaly
I:;:m:l o] X4 Closk B AZMHZ REIETS —i= H"":
~ 7| Mutiplier - Qansrator
,,:,;':'.:'n?.lla,-, Crelliatar To USE Trancelver Cuil —4—
VCC=3.3V- 5V ™0
e vee = NANEENEEP

USBDM

RTS# |——
USBDP

e ——
FTDI
Chip

weo FT232R oo

NC
RESET#
NC DCD¥
oscl
] 0sco

DSR#

RI#

cBUS) |———

vece
CBUSH
100nE Jo0nE AJuEl+ QVZOLAT cBuUs? b—

G G
. N CBUS3
i
0 p° CBUS4 |—
GND GND

S/ enn

ozo
zo
z

—“om-
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USB-Serial

> ® % i .
‘ ‘o) !

ARDUINO
D" ON

/ R o
. £ nx 'Y IR T -

L

4 AT s W — g— —
» . | - ~
/ e : 1| "D "o

USB2SERIAL LICHT

Short the jumper for using TXDLED
as a indicator while sending data Voitage level to be applied is

selected via on board jumper
\ A
CBUS Port of the FT232
USB port “x{/ —-.,H@/:-\] |
'

&8

i o MAX3232 (R5232)

\

Short the jumper for using RXDLED |
as a indicator while receiving data

RS5232 Connector

FT232 (USB TO UART

Controlling Port of the FT232

USB to Serial FTDI
Chip Based RoHS Adapter
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